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FOREWORD 

GENERAL 

Since 1944, when the first Hanford facilities were operated to produce plutonitan for the Manhattan 
Project, radioactive waste has been generated at Hanford . Consequently, there has been a con
tinuous and evolving program for waste management and environmental assessment for over 30 years . 
The Energy Research and Development Administration's (ERDA) actions and concern with respect to 
waste management and its environmental impact over the 30-year period are partially reflected in 
over 2,000 studies and documents which have been collected in "Radioactive Waste Management," a 
bibliography of available literature pertaining to the ERDA's Hanford, Washington, Production 
Site (TID-3340, August 1973.)* 

~ [RPB, X.24]** 

This document is an environmental impact statement on the Waste Management Operations Program at 
Hanford. The draft statement was issued as WASH-1538. This final statement is issued by the 
recently established Energy Research and Development A<ininistration as ERDA-1538. The purpose of 
this statement is to reassess the environmental impact associated with continuation of the 
Hanford Waste Management Operations Program to provide an infonnational record for use in future 
planning and decision making in order to assure that further waste management practices will be 
conducted so as to minimize adverse environmental consequences . 1 The statement wil l serve as a 
base for eva luating the environmenta l impact of future actions in relation to the existing 
environment at Hanford . In conments (dated January 23, 1975 and included in Section X) on the 
draft statement, the Environmental Protection Agency (EPA) agreed that thi s is the proper scope 
for the statement. 

In order to project future impacts, a complete analysis is -given of the environmental impact of 
existing waste management operations at Hanford. This analysis is primarily based upon extensive 
environmental monitoring which has been conducted and reported on for the past 30 years. This 
statement is the evaluation of a long-existing program; the results are presented as of a par
ticular date. The cut-off date sel ected for the inclusion· of fully evaluated data and experience 
was December 31, 1972, because preparation of the statement began in September 1973 . Additional 
pertinent data have been included in this final statement; in particular Appendix III-G, 
Environmental Sample Collection Analys i s and Evaluation for 1974. 

Since the purpose of this statement is to reassess an existing program, the Foreword provides 
an introductory surrmary of: 1) the current pol ici es , plans. and standards app licable to the 
Hanford Waste Management Operations Program, 2 2) the current waste management program, and 
3) the programs and activities at Hanford that are not covered in this environmenta l impact 
statement. 

The quantities of radioactive and nonradioactive materials released to the envi ronment from 
future Hanford operations is anticipated to decl ine as a result of : 1) modifications and con
struction of new facilities for effluent contro l and 2) curtail ment of production activities. 
Since this is an ongo ing program, the data base is not stati c. All of the critical areas, such 
as geology, seismology, hydrology, meteorology, and ecology, are the subject of continuing 
study and researc.h, subsequent to the issuance of this statement. These studies will be pub
lished and made available to the public as they are issued. 

The statement covers waste generated by production, research and development and other programs ,.-
and activi ties at Hanford. This statement doe~not cover the alternatives and/or costs and 
benefits with respect to the production of special nuclear materials or the operation of research 
and development programs , since it· i s not a statement on the operation of those programs . The 
operation of N Reactor and the Purex Chemical Process ing Plant to produce and recover plutonium 
and other materials for national defense and research and development activities is therefore 
beyond the scope of this statement. However, in order to compare and evaluate waste management 

* The Energy Research and Development Administration was establ ished by the Energy Reorganization 
Act of 19·74 (Public Law 93-438) and was made effective January 19, 1975, by Executive Order 
11834 dated January 15, 1975 (40 Fed. Reg . 2971). The Atomic Energy Conmission (AEC) was 
abolished and certain of the AEC 's responsibilities, including production and basic research 
activities , were transferred to ERDA. The AEC was responsible for the operation at the 
Hanford site from 1947 to 1974. Since the draft environmental statement on the Hanford Waste 
Management Operations was i ssued by the AEC (WASH-1538) and the final statement by ERDA 
(ERDA-1538), both AEC and ERDA designations are used. 

** See Secti on I.1 for explanation of the use of brackets after subsection headings. 
i 



0 

alternatives in terms of their environmental impact. the section on alternatives includes an 
analysis of impact if production or research and development activities and facilities ceased to 
operate. This should provide a clear basis for compari ng the impact of managing the waste to be 
generated in the future with managing the waste that was generated over the l ast 30 years. An 
environmental assessment will be prepared covering all of the operational aspects of the Hanford 
s i te such as N Reactor operations, Purex, and Z Plant. That assessment will determine whether 
the conti nued operation of these facilities may require the issuance of a supplement to this 
st atement. 

Si nce the waste management program at Hanford is an ongoing program(as distinguished from a pro
posed act ion or a proposed prog_ram), many of the long-term, as well as the short - term, options 
for the control, handling and disposal of radioactive waste are in various stages of research 
and development . Although the status of these research and development efforts wi ll be discussed 
in the statement, some of these research and development programs may require their own environ
mental statements at a later time . In accordance with ERDA's regulations, 3 these statements will 
be written late enough in the development process to contai n meaningful i nformation , but early 
enough that whatever infonnation is contained may be factored into the decision-making processes . 
These statements will be prepared before the development process has reached a stage of i nvest
ment or conmitment to implementation likely to foreclose or restri ct later alternatives . 

A number of conanents on the draft statement questioned the relationship of this statement to the 
research and development program currently being conducted on the ultimate disposal of Hanford 
generated hi gh-level and transuranic wastes . In i ts corrments dated January 23 , 1975 , the EPA 
suggested that at the conclusion of the ongoing effort to prepare impact statements for all 
major ERDA waste management operations (Hanford , Savannah River and Idaho) , ERDA should prepare 
a generic environmental statement addressing the long range program for both interim storage and 
ultimate disposal of all ERDA generated high-level and transuranic wastes . This environmenta l 
statement descri bes the research and development programs on solid forms for Hanford radio
active waste which may be suitable for final storage . The acceptability of stori ng these solid 
waste forms in formations being considered for final storage of conmercial radioactive waste 
wi l l be addressed in ERDA's expanded environmental statement on conmercial radioactive waste . 

Policies, Criteria, and Standards for Management of Radioactive Waste 

The current basic policies, criteria, and standards for management of ERDA-generated radioacti ve 
waste at Hanford and at other sites are contained in the ERDA Manual Chapter 0511 (hereaft er 
referred to as ERDAM-0511) (September 19, 1973) , which provides in part: 

II (1) Field offices and their contractors shall conduct their operations and dispose of 
and store radioactive waste in such a manner as to assure that present and future 
radiation exposures to individuals and population groups _will _b: at the l~west . 
levels technically and economically practical not exceeding limits established in 
ERDAM-0524 Appendix Parts I and II. 

(2) Continui ng efforts shall be made to develop and use improved technology for reduc
i ng the radioactivity releases to the lowest technically and economically practi
cal level . 

(3) High-level liquid radioactive waste shall not be transported offsite. 

(4) The extent and degree of radioactive contamination of land by ERDA waste manage
ment activities shall be minimized. 11 

The basic standards for protection of the health and safety of the public are those contained i n 
ERDA Manual Chapter 0524 (hereafter referred to as ERDAM-0524), which provide, in part : 

"ERDA and ERDA Contractor operations shall be conductea in such a manner as to assure 
that radiation exposures to individuals and population groups are limited to the lowest 
levels technically and economically practical." 

The policies in ERDAM-0524, including the specific protection standards for external and inter
nal exposures, are based on the guides and recomnendations of the International Conmission on 
Radiological Protection, the National Council on Radiation Protection and Measurement~, and the 
Federal Radiation Council . In 1959, the Federal Radiation Council was formed to provide a 
policy for Federal agencies on human radiation exposure .. A_major functio~ of the Fe~er~l Radiation 
Council was to "Advise the President with respect to radiation matters, directly or indirectly 
affecting health including guidance for all Federal agencies in the fonnulation of radiation 
standards and in.the establishment and execution of programs in cooperation with the States •. • " . 
[Public Law 86-373 {1959)]. 

ii 



• In February of 1970, the Federal Radiation Council requested the National Academy of Sciences
National Research Council to review and re-evaluate the existing scientific knowledge concerning 
radiation exposure to human populations. On October 2, 1970, the Environmental Protection Agency 
was established by the President's Reorganization Plan No. 3 of 1970. On December 2, 1970, 
the activities and functions of the Federal Radiation Council were transferred to the Office of 
Radiation Programs of the EPA. In November of 1972, the National Academy of Sciences-National 
Research Council published a· report which included their view on the existing scientific knowl
edge concerning radiation exposure to human populations. The publication of that report was 
preceded by the following statement; 

"This report was prepared under contract No. PH-43-64-44 between the Department of 
Health, Education, and Welfare (on behalf of the Federal Radiation Council) and the 
National Academy of Sciences. Publication is made jointly by the Department of 
Health, Education and Welfare and the Environmental Protection Agency, which succeeded 
to the authorities of the Federal Radiation Council under Reorganization Plan No. 3 
of 1970. The report is solely the product of the contractor . The data and analysis 
contained in the report represent a major review of the effects of l ow levels of 
ionizing radiation and the role of such information in measures to protect the public. 
They will be reviewed extensively and with the utmost deliberation and care by the 
Department of Health, Education, and Welfare and the Environmental Protection Agency, 
with particular regard to their usefulness and applicability in the regulatory and 
other program activities of the Department and the Agency. 

Publication of the report does not constitute acceptance or approval of its contents; 
neither does it indicate their rejection or disagreement. Publication is made at this 
time so that the report will be available as a resource to the scientific corrmunity 
and t he public generally." 

The report of the National Academy of Sciences-National Research Council is currently undergoing 
review by the Department of Health, Education, and Welfare, EPA, ERDA and other interested 
organizations. The analys is in this environmental impact statement uses the existing standards 
and guides reco11111ended by the Federal Radiation Council and others . These guides are contained 
in ERDAM-0524. 

CURRENT PROGRAM 

1 ) Hign-Level Waste 

Approximately 47 million gallons of liquid waste and 25 million gallons of solidified waste (30 
and 28 respectively as of March 1975) are stored in underground tanks at Hanford. This waste 
was generated during the period 1944 to 1974 as a result of processing fuel from up to nine 
production reactors . The processing of the fuel was required to extract plutonium, primari ly 
for use in atomic weapons . This quantity of high-level waste represents about 90% of the total 
high-level waste expected to be generated through the operati on period of the Hanford plutonium 
production facilities. At the present time, only one production reactor (N Reactor) is oper
ating ; the fuel processing required generates additional high-l evel waste. Based on current 
production plans, the operation of N Reactor* and the Purex processing plant results in the 
generation of approximately 1 mill ion gallons of liquid high-level waste each year. 

The thrust of the current waste management program for high-level waste has been to convert 
stored and currently generated high-level waste from a liquid to a salt cake form. The ex i sting 
evaporators, along with one evaporator currently under construction , will solidify most of the 
stored and currently generated liquid waste to salt cake . Shown in Fi gure 1 is a graphical summa ry 
of the Hanford high-level waste solidification program progress. The large increase in the rate 
of reduction of liquid waste starting in late 1973 and continuing through 1976 is due to the 
high capacity of the larger new vacuum evaporator crystall i zer instal lation . The residuum l iquor 
from the older shutdown evaporators and the new vacuum evaporator· crystallizers will rema i n and 
will be further evaporated to the extent possi ble . Finally, the residuum will be reduced in 
volume to a highly caustic liquid which will be solidified to an acceptable solid by chemical 
means or by evaporation techniques now under development. In the interim t he current program 
provides for construction of double wall tanks of high integrity for storing the residum 
liquor removed from the salt cake. The spread in predicted waste volumes after 1978, shown in 
Figure 1, depends on whether the development work aimed at solidification of the residum is 
completed on schedule. · 

* Pursuant to special statutory authority (Public Law 87-701, AEC Authorization Act for FY-1963) 
and special contract arrangements, the by-product steam from the N Reactor is used to gener
ate approxinately 860 megawatts of electrical power from the Washington Public Power Supply 
System generating facilities located on the Hanford site. 

iii 
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FIGURE 1 HIGH-LEVEL WASTE SOLIDIFICATION PROGRAM 

The solidification of the liquid waste along with the use of high integrity tanks to contain the 
liquids in interim periods is considered the current program for the high-level waste. The 
objective of this program is to continue to maximize the isolation of the high-level waste from 

v man's environment. 

r-.. The current waste management program also includes research and development to determine the best 
ultimate long-term storage method for the salt cake by focusing on alternative solid forms and 
storage methods which would have minilllJm dispersability characteristics over very long periods of 
time. In addition, research and development efforts directed toward final disposal of high-level 
waste from t~e co11111ercial power industry will be investigated for applicability to Hanford waste . 

2) Other Radioactive waste 

• Liquid 

In addition to the high-level liquid waste from fuel processing plants, large volumes of 
water containing low concentrations of radioactive materials or no radioactivity are pro
duced during operations and are released onsite (controlled areas). For some of this waste, 
it is practical to reduce the radioactivity to levels within established standards for 
release offsite (uncontrolled areas) by treatment methods, such as ion exchange, decontami
nation by evaporation, or retention to allow for the decay of radionuclides. Other waste, 
containing levels of radioactivity unacceptable for release to uncontrolled areas, may be 
safely released to controlled areas with suitable natural characteristics. Present prac
tice uses soil colu1111s, seepage basins, evaporative ponds, or retention ponds to retain or 
delay radionuclides. Wherever such practices are followed, a continuing program exists for 
extensive monitoring of the movement of these materials. 

The practice of using the favorable ion exchange properties of some soils to remove radio
activity fran liquid waste and confine it in soil columns is a well established procedure . 
However, because of the long-term burden of control and surveillance inherent in .the use 
of a technique that results in local accumulations of radioactivity in soi1, the ERDA 
program at Hanford has been based on the goal of major reductions in the concentration of 
radionuclides in effluent streams. Alternate waste treatment techniques are being consid
ered to decontaminate the bulk of the waste to levels within established standards for 
release to uncontrol .led areas. 

• Solid Waste 

Solid waste of widely diverse nature and contaminated to varying degrees with many different 
forms of radioactive materials is generated at Hanford. The sources of radioactivity in 
this waste are fission products, induced radionuclides, and transuranium elements, principally 
plutonium. 



Solid waste containing 233u or transuranic elements (plutonium, etc.) is being segregated , 
packaged and buried under soil in such a manner that retrieval in 20 years with the exterior 
surface of the container free of radioactive contamination could be accomplished. Other 
radioactively contaminated solids are packaged in boxes, drums, etc., and buried underground 
in trenches. Some large equipment from the chemical processing plant (Purex) is stored in 
adjacent railroad tunnels awaiting final disposition. Planning and development is proceeding 
to reduce the volume of solid waste by incineration of combustible solids and compaction of 
other solids. 

• Gaseous Effluents 

Building ventilation systems are filtered with high efficiency filters to remove particu
late matter. Process gas streams are treated by various means such as scrubbers, chemicals 
reactors, etc., and finally filtered before discharge. Radioactivity in the air at plant 
boundaries is well below ERDAM-0524, Table 2 concentrations . Plans are proceeding to pro
vide further reductions which may be practical. 

PREPARATION OF STATEMENT 

The notification of the preparation of this statement, published in the Federal Register on 
August 14. 1973 (38 Fed Reg 156), invited suggestions from all interested persons . Comments 
were also requested on the draft outline of the statement from the EPA, the Washington State 
Department of Ecology, and the Natural Resources Defense Council. The AEC and the EPA held a 
public meeting i n February 1974 in Richland, Washington , to discuss the environmental impact 
statement and the waste management activities at the Hanford Reservation (27 Fed Reg 4800, 
February 4, 1974). 

The issuance of the draft statement was announced in the Federal Register on September 30, 1974 
(39 Fed Reg 35199), and cCllinents were requested by November 27, 1974 . The comment period was 
subsequently extended to January 23, 1975, to provide additi onal time for public review of the 
DEIS and for appointment of a hearing panel. Public hearings were held on the DE IS in Richland , 
Washington, and Portland, Oregon, on January 21 and January 23, 1975, respectively. 

The hearings were conducted by a presiding board consisting of Professor Robert ',,j. Hamil ton of the 
Univers ity of Texas School of Law, who acted as chainnan of board; Professor Thomas F. Parkinson, 
Chainnan of Nuclear Engineering at the University of Missouri; and Professor James A. Kittrick of 
the Department of Agronomy and Soils at the Washington State University. The record remained open 
following the public hearings to allow attendees further opportunity to submit supplementa l com
ments . The Presiding Board transmitted its report on the hearings to the Admini strator of ERDA on 
April 3, 1975 (40 Fed Reg 17317 , April 18. 1975) . The report of the Presi ding Board and all the 
written comments received on the Draft Environmental Impact Statement are reproduced in Secti on X 
of this statement. The method of treatment of the issues identified by the Board and the written 
comments received is described in the introduction to Section X. 

Copies of the final statement, the draft statement, the public hearing record , and all written 
suggestions and conments received , as well as the documents referenced by this statement are 
available for inspection at the ERDA public document rooms at the following locations: 

20 Massachusetts Avenue, NW., Washington, D.C. 

Richland Operations Office, Federal Building, Richland, Washington 

Idaho Operations Office , 550 Second Street, Idaho Falls, Idaho 

Savannah River Operations Offi ce, Savannah River Plant, 
Aiken, South Carolina 

San Francisco Operations Office, 1333 Broadway, Oakland, California 

Waste management operations at Hanford, as well as for a11 the ERDA sites, are conti nually 
reviewed, analyzed, and updated to reflect improved technology or administrative procedures for 
waste treatment and storage. As a result ·of this environmenta l statement, possible add i t ional 
improvements may be identified. · 
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I SUMMARY 

I. 1 INTRODUCTION* 

This environmecital impact statement presents the impacts and alternatives available to the 
ongoing Hanford Waste Management Operations Program. 

I.2 BACKGROUND 

In early 1943, the United States Army Corps of Engineers selected the Hanford site as the loca
tion for reactor and chemical separation facilities for the production and purifi cation of pluto
nium for possible use in nuclear weapons (Manhattan Project). A total of eight graphite-moderated 
reactors using the Columbia River water for once-through cooling, and a new type of dual purpose 
reactor (N Reactor) using a recirculating water coolant and producing both plutonium and steam for 
electricity, were eventually built along the Columbia River. Today, only t he N Reactor remains 
in operation. 

I.2. 1 Description of Site 

The semiarid Hanford site occupies about 570 square miles or 365,000 acres of the southeastern 
part of the State of Washington (Figure I .1 ). The reactor facilities are located along the 
Columbia Ri ver in what are known as the 100 Areas . The reactor fuel processing and waste manage
ment fac iliti es are in the 200 Areas which are on a plateau about 7 miles from the river. The 
300 Area, just north of Richland, contains the reactor fuel manufacturing facilities and the 
research and development laboratories. 

Liquid waste containing high-level concentrations of radionucl i des from the chemical process ing 
plants is stored on an interim basis in large underground tanks in the 200 Areas. The waste 
storage complex includes: 

• 149 single-wall tanks ranging in capacity fran 50,000 to 1,D00,000 gallons each which are 
constructed of reinforced concrete with a steel liner 

• three new double-wall 1,000,000-gallon tanks 

• four additional double-wa ll 1,000,000-gallon tanks now under construction 

• four water evaporators (two now shut down-1 975) to convert the radioactive waste from the 
storage tanks to a less mobile solid sl udge ; a fifth evaporator i s under construction. 

Some radioactive liquid effluents waste is released to ground via structures called cribs. Since 
most of the radionuclides discharged to cribs are absorbed on or filtered by the 150 to 300-ft 
soi l column, most do not reach t he water tab le . Continuing efforts are being made to develop and 
to use improved technology to reduce the amount of radionucl i des discharged to cribs to the lowest 
technically and economically practical level. A total of 177 cribs are provided for disposa l of 
intennediate-level liquid waste . Of these, 144 are now deactivated, 8 were not used, 10 are in 
standby , and 15 are in current use. 

•Throughout the text, notations are used t o identify the subject areas changed from the Draft 
Statement as the result of corrments from 1) the Report of the Presiding Board [RPB] on the publ ic 
hearings and 2) letters on the Draft Statement. For instance: 

[RPB] - Text changes made as a result of an issue or comment made in the Report of the Presiding 
Board. 

[X. 1] [X .2] [X.3] etc., - Text changes made as the result of comments presented in Letter 1, 2, 
3, etc . The comments that did not result in a text change are given 
in Section X followed by the ERDA responses . 

New references were added to the end of the reference list of the appropriate sections of the 
draft statement. 

New tables and figures were given the number of the preceding table/figure plus an alphabetica l 
designation . For instance, tables inserted between Table III. 1-15 and III. 1-1 6 were numbered 
III .1 -15a, -15b, etc. 

New appendixes were added and given unused letters rather than relettering all the appendixes in 
order. 

A glossary of terms and a list of abbreviations are given at the end of Volume I. 
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FIGURE I. 1 LOCATION OF THE HANFORD SITE IN THE STATE OF WASHINGTON 

Since the beginning of government activities at Hanford, about 130 billion gallons of cooling 
water have been discharged to 30 surface ponds or ditches. About 360 acres of land have been 
used for these disposal operations, with about 180 acres currently in use. Any radionuclides 
discharged to these facilities 1) result from accidental equipment failures, 2) are of low
activity level, and 3) are also absorbed on or filtered by the soil column which prevents signifi 
cant quantities from reaching the water table. The depth to the water table and the good absorp
tive properties of the Hanford soils have made crib, trench, and pond disposal possible with a 
limited radionuclide inventory reaching the water table below the disposal sites. 

More than 5 million cubic feet of contaminated dry solids are buried. Initially, transuranic 
waste received special packaging for containment, but was not buried for 20 year recovery . Since 
May 1970, transuranic waste is packaged in sealed metal containers, segregated from other waste, 
and placed in special burial trenches to permit recovery in the original packaged condition . 

Sanitary waste is disposed to septic tanks draining to tile fields or leaching trenches via sani
tary sewers. Most chemical waste is contained with the high-level liquid waste in tanks. Gaseous 
effluents are treated by multiple high-efficiency filtration and/or by chemical treatment where 
practical to assure that radioactive gaseous emissions are as low as practicable. Gaseous and 
liquid effluents are monitored to measure the quantities of radioactive materials that may be 
released. 

Environmental measurements and comprehensive evaluation programs in radiation, ecology, hydrology 
and meteorology are maintained to measure the direct impact of the Hanford facilities on the envi
ronment and to help assure adequate process controls. Measurable environmental impacts that might 
occur in the future should be observed by these programs and corrective action promptly initiated. 

I.2.2 Anticipated Benefits 

The primary anticipated benefit of the Hanford Waste Management Operations Program is to continue 
isolation of significant quantities of radioactive and other waste materials from man's 
environment. 

I-2 



0 

Conduct of the Hanford Waste Management Operations Program makes possible 1) production of pluto
nium for the U.S. defense needs and byproduct steam for the generation of electricity and 2) 
research and development in most areas of nuclear energy. Many ecological and biological studies 
on the movement or behavior of radionuclides in the environment are perfonned as part of the 
overall waste nanagement effort. 

I.2 . 3 Characterization of the Existing Environment [X.llA] 

The population living within a SO-mile radius of the Hanford site varies from about 2SC,OOO for 
a radius center midway between the two chemical processing and waste storage areas to about 
160,000 for a radius center at the 300 Area. Land uses in the surrounding area include urban, 
industrial, and irrigated and dry land fanning. Of the irrigated crops, alfalfa hay uses 30: of 
the total area, wheat lSi, and sugar beets about 8%. Water removal rights, other than Hanford's , 
amount to about 200,000 acre ft/year within SO miles of the N Reactor, from an annual average 
river flow of about 120,000 cfs or about 87,000,000 acre-feet. 

The National Register of Historic Places does not list any sites on the Hanford Reservation; 
however, applications for three sites are currently being processed. Three listed sites are 
within SO miles: 1) Mannes Rockshelter, 2) Olmstead Place State Park, and 3) Whitman Mission 
National Historic Site. The remains of many Indian campsites and fishing grounds are found 
along the Columbia River within the Hanford Reservation boundary. 

Eastern Washington is dominated by the Columbia Basin geologic province encompassing about 
50,000 square miles. It is underlain by the vast field of flood lavas of the Columbia River 
Basalt Group . Late in the Pleistocene epoch, large floods scoured and carved the Ringold fonna 
tion surface beneath the Hanford Reservation. These floods, of about 18,000 to 12,000 years 
ago, deposited the sediments now found on the site. 

The Hanford Reservation is in a region of low to moderate sei smicity . On the basis of the 
damage that has been experienced since 1840, the U.S. Coast and Geodetic Survey designated the 
area a Zone 2 seismic probability, implying the potential for moderate damage from earthquakes . 
The underlying sands and gravels in the Hanford Reservation provide excellent protection agains t 
damage . Earthquake intensities greater than four on the Modified Mercalli Scale (MM-IV) have 
not occurred in the inmediate Hanford area . 

Over 1,500 wells were drilled at Hanford to provide data for evaluating the chemical and phys i cal 
properties of the underlying materials and to study movement of radioactive materials in soils. 

The climate has been recorded since 1912 and is characterized as mild and dry with occasional 
periods of high wind. The average maximum temperatures in Jul y and January are 91 .8°F and 
36 . 7°F. The average annual precipitation i s 6. 2S i nches. Tornadoes are rare in this regi on and 
tend to be small , with little damage when they do occur . In 29 years of observation, a si ngle 
small tornado was observed on the Reservation and resulted in no damage . 

The vegetation mosaic of the Hanford Reservation consists of eight major kinds of shrub-steppe 
conmunities . 

The anadromous salmon and the steelhead trout are the fish of greatest economic importance in 
the Columbia River. About 9,500 fall Chinook salmon spawn in the Hanford reach of the river . 

The mule deer is the only big game manmal, while the cottontail rabbit is the most abundant smal l 
game manmal on the Reservation. Small manma1s are abundant, particularly the Great Basin pocket 
mouse. The chukar partridge is the most important gamebird. Hunting is not pennitted on the 
south or west sides of the Columbia River, the major portion of the Reservation. 

The Hanford Reservation provides refuge for several rare, threatened , or indeterminate species: 
1) Prairie falcon . 2) American peregrine falcon, 3) ferruginous hawk , 4) American osprey, 5) 
Northern longbilled curlew, and 6) Western burrowing owl. 

I .3 ENVIRONMENTAL IMPACT 

I . 3.1 Envirormental Effects of Routine Operation of Plant Facilities (X.17] 

The principal pathways of radiation exposure to the public involve only the releases of waste to 
the atmosphere and to the Coll.lTlbia River . The maxi111Jm dose to an individual from effluents 
released at Hanford in 1972 was 0.6 mrem/yr, while the dose to the average individual was 0.01 
rrrem/yr . The total-body dose to the population within SO miles of Hanford was 2.5 man-rem/yr for 
1972 which is only 0.01% of the naturally-occurring radiation background of 27,400 man-rem/yr. 
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This is imperceptible when compared to the normal 10 to 1S% fluctuations which occur annually in 
the natural background radiation levels. A conversion of the population dose to health effects 
using the data from the National Academy of Sciences BEIR Report indicates that the maximum poten
tial number of cancer death ascribable to 1972 Hanford operations is 0. 0007 for the population 
living within SO miles of the site. Since the total number of health effects is far less than 
one, it may be concluded that there are no health effects due to Hanford operations for 1972. 
Well over 1000 years of operation at the 1972 population dose levels would not be expected to 
result in more than a single cancer death. 

There are no specific genetic studies for terrestrial or aquatic ecosystems of a continuing nature 
being conducted on the Hanford Reservation. However, in the past, radiation effect studies have 
been conducted to determine whether or not waste management activities have adversely affected 
the stability of the Hanford ecosystem. To date, no adverse effects have been identified. 

Water intake structures may lead to some loss of lower level trophic life in the Columb ia River, 
but most intake structure velocities are not sufficient to entrap fish. No significant effects 
on the river ecosystems due to entrainment were noted even when all nine reactors were in opera
tion and removing a substantially greater water volume. Studies show that the effluents from up 
to nine plutonium-production reactors have had no harmful effects on the migration or spawning 
of salmon or produced any biotic downgrading of the aquatic ecosystem in almost 30 years of plant 
operation and concurrent sci entific observation. An annual survey in the Hanford reach of t he 
river shows a fairly constant increase in Chinook salmon nesting from the late 1940's up through 
the fall of 1973. 

Onsite, about 3% of the 36S,OOO-acre Hanford Reservation is used for structures and waste dis
posal sites. The areas directly associated with the major waste disposal sites are currently 
committed to long-term control (thousands of years) . Groundwater within the Hanford control 
perimeter contains small amounts of radioactivity and nitrate ion. 

Chemical and waste heat releases to the atmosphere and to the Columbia River produce only limited, 
local disturbances, if any at all. 

I.3.2 Postulated Waste Management Accidents 

A range of accidents that might be expected to occur based on present facility design and operation 
were analyzed. The pOstulated accidents included tank leaks, tank gaseous releases, tank dome 
failures, transfer line failures, major facility filter failure, onsite shipment accidents of both 
solid and liquid waste, range fires, solid waste burial site fires, and accidents due to natural 
forces. In the selection of postulated accidents and in assumptions made for the analysis , a 
consistent attempt was made to be conservative in the analysis, that is--to analyze the worst con
ditions credible. 

The analysis indicated that the maximum individual total-body dose (SO-year dose conmitment) of 
0.4 rem resulted from the postulated solid-waste-carrying vehicle accident followed by fire occur
ring near the southern boundary of the site. The maximum population dose of 37 man-rem (SO-year 
dose commitment) resulted from the postulated major waste transfer line break and resultant sur
face spill during the most severe weather conditions. The postulated accidents that provided a 
mechanism for atmospheric dispersion of radioactive materials produced the greatest offsite dose 
impact. 

1.4 UNAVOIDABLE ADVERSE EFFECTS 

Unavoidable adverse effects from the Hanford Waste Management Operations Program may arise from 
radioactive, chemical, or thermal components in waste effluents being released to the atmosphere, 
Columbia River, or the ground. The effects may be both onsite, such as limiting use of actual 
waste disposal areas for other purposes, and offsite, such as contributing less than 0.01% of the 
total population radiation dose. 

The unavoidable radiation dose to the maximum individual for 1972 was 0.6 mrem. The population 
dose was 2.5 man-rem. For 1974 these are 0.03 and 1.1 respectively since improved· effluent con
trols, a change in N Reactor product requirements, and the nonoperation in 1974 of Purex plant 
contributed to reduce effluent releases. The individual dose resulting from naturally-occurring 
radiation was about 100 mrem and the population dose was about 27,400 man-rem. The health effects 
were up to a maximum of 0.0007 cancer deaths of all types for the population living within SO 
miles of the Hanford site. Since the total number of health effects is far less than one, it may 
be concluded that there are no health effects due to Hanford operations for 1972. 

About 3% of the 365,000 acre Hanford Reservation· is used for structures and for waste disposal 
sites that require long-term commitment to such use. Releas.es of heat and chemicals to the air 
and Columbia River produce no observable effects. 
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I.5 ALTERNATIVES 

Reasonable alternatives to the current Waste Management Operations program are presented for 
treatment of high-level liquid radioactive waste. other radioacti ve liquid waste, radioac tive 
gaseous waste, radioactive solid waste, nonradioactive waste, and other potential env ironmen tal 
pollutants. Waste management facilities and activities to reduce t he quantiti es of radioactive 
materials released to the envir~nment or to improve cont rol of such mater ials i n the even t of 
abnormal operation conditions are included i n the FY-1973 through FY -1975 budget in the amount 
of 42 million dollars. 

Ma j or alternatives to present programs for the treatment of high-level liquid waste, liquid 
effluents. and gaseous effluents are also presented. For the high-level liquid was te, the alter 
natives are: 

• continue the present program with replacement of some or all of the single-wall tanks with 
new double-wall tanks 

• shutdown of N Reactor 

• shutdown of the Purex fuel processing plant 

• discontinue the solidification to salt cake and 

a) hold the waste as liquid in new double-wall tanks till a different form is found, 

b) calci ne the waste. or 

c) prepare a special insoluble waste formation . 

Liquid effluent cleanup alternatives to reduce discharges to the Columbia River and /or the ground 
involve the construction of new high capacity liqu id evaporator and/or ion-exchange system and 
treatment of N Reactor effluents . · 

Adoption of these al ternatives has essentially no effect on the overall popu1ation dose since 
the current dose from the facilities to be altered i s near zero. The advantage is bas i cal ly 
better containment of all radioactive materials . 

I. 6 RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF MAN'S ENVIRONMENT AND THE MAINTENANCE 
ANO ENHANCEMENT OF LONG-TERM PRODUCTIVI TY 

Future plans for the Reservation call for the continuation of its present use as an area ded icated 
primari ly to nuclear energy acti viti es . Certain small areas will essentially require perpetual 
surveillance . Thus. the use of man's environment will be long-term . Therefore , the relationship 
to be considered is that of l ong-term use and the maintenance and enhancement of long- term produc
tivity of the environment. 

Current use of the land has probably barred major irrigation projects from the Reservation because 
of their potential impact on the water table levels. Also, an inventory of mostl y tri ti um and 
ruthenium-rhodium-106 will remain i n the groundwater under the Reservation for lO's of years . 
Fi ssion products will remain in the soil columns under cribs. trenches. and ponds for many centu
ries . Plutonium can be recovered from the soil columns at a later date to avoid the need for 
mu lti century control and surveill ance of the site . The radionuclide concentrations i n the 
groundwater are below the current drinking water standards except near a few disposal si tes. 

Large portions of the land on the Hanford site are being put to other producti ve uses: 

• Arid Land Ecology Reserve 

• washington State Game Reserve 

• Corrmerci al Nuclear Power Plants 

• Research and Development Facil ities for Energy. 

I .7 RELATIONSHIP OF PROPOSED ACTION TO LAND USE PLANS, POLICIES, ANO CONTROLS 

The continued operation of the Hanford waste management facilities will not conflict with national, 
state , or local plans and programs. Imp lementation of the action proposed herein, i.e .• a con
tinuation of effluent and waste management practices at Hanford, ca l ls for land use as described 
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in Sections II and III. All land is and will be managed consistent with federal regulations to 
assure the safety and well-being of the public. 

Continued land use in addition to effluent and waste management on the Hanford Reservation 
includes 1) research and development associated with the Arid Land Ecology Program, and various 
laboratory facilities in the 100, 200, and 300 Areas, 2) N Reactor in the 100 Area and olutonium 
production facilities in the 200 Areas, and 3) the Fast Flux Test Facility in the 400 Area. Some 
of the land just north of the Columbia River will continue to be administered by the U. S. Bureau 
of Sport Fisheries and Wildlife and the Washington State Department of Game. The State of 
Washington leases land on the 200 Area plateau for radioactive waste burial . Private leases of 
land include the Washington Public Power Supply System (WPPSS) steam plant operating at 100-N 
Area and the WPPSS Power Reactor now under construction. 

The potential environmental consequences and relationships of all specific proposed projects to 
the Hanford Effluent and Waste Management Operations proqram are studied and considered. Environ
mental impact statements for individual projects will be prepared, as appropriate. The impact 
and feasibility of each individual proposed program will be evaluated, including any potentia l 
impact on the Hanford Waste Management Ooerations . 

I .8 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 

The resources that are considered to be COITlilitted in an irretrievable and irreversible manner by 
the Hanford Waste Management Operations are 1) land and materials containino or used for storing 
radionuclides with a half-life longer than 10 years, 2) labor expended by construction, operatinq 
and surveillance personnel, and 3) materials, such as fuel and chemicals, that are burned, 
diluted, or consumed during use . About half a million tons of fossil fuels and 50,000 tons of 
chemicals are expected to be irreversibly consumed by the Hanford Waste Management Operation. 
Some components of the concrete structures and equipment as well as about 6,000 acres of desert 
land are in essence irretrievable due to the practical aspects of reclamation and/or radioactive 
decontamination. 

I.9 COST-BENEFIT ANALYSIS 

The Waste Manaqement Operations program objective is to maintain control over all waste materials 
in a manner resultino in the best balance of costs and benefit for the United States citizens. 
Currently planned waste management program improvements (FY-1973 through FY-1975) are budgeted 
at a cost of 42 million dollars. These programs will provide improved control over radionuclides 
during abnormal operations. In addition, about 77 million dollars are being budgeted for FY-1976 
and FY-1977 for additional facilities, principally new double-wall tanks, for high-level waste . 

There would be no detectable effects on aquatic or bird life and only minor habitat disolacement 
for animal life by adopting any of the proposed alternatives. The dose to man would change only 
slightly with the adoption of any particular alternative. Chemical releases to the atmosphere 
and to the Columbia River would change only slightly. Some reduction in atmospheric releases 
would occur if alternatives requiring minimum consumption of fossil fuels were adopted, particu
larly termination of the operation of the steam heated evaporators. 

The existence of the current inventory of radioactive waste requires that a waste management 
operations program be continued. The radiation dose to the population and consequently the 
health effects would be essentially independent of the alternative chosen. After weighing the 
cost and benefits of the alternatives to the high-level liquid waste program, it is concluded 
that the current program of solidification to salt cake should continue. This program will 
include the replacement of some or all of the single-wall tanks with improved double-wall tanks 
as required. However, research and development should continue on methods for solidification 
of residual liquors as well as alternative insoluble formations. 

The liquid effluent alternatives would have no significant effect on the radiation dose to man 
or on land usage. The alternative to provide for Reinject Rupture Loop and Closed Loop Cooling 
for N Reactor is marginally justified on the basis of the cost per curie not discharged and the 
resultant reduction in the N Crib decay period. It is concluded that the multi-million dollar 
alternatives are not economically justified at this time. 
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I I BACKGROUND 

II. 1 DETAILED DESCRIPTION OF HANFORD SITE 

II. 1. 1 Plant and Waste Management Facilities 

II.1.1.1 Plant Facilities 

II.1.1.1.1 Introduction 

The semiarid Hanford site occupies about 570 square miles of the southeastern part of the State 
of Washington just north of where the Yakima and Snake Rivers flow into the Columbia River. The 
first known occupants of this area were the Indians tens-of-thousands of years ago . Sett lers, 
who in the latter 1800's and early 1900's began farming near the river, developed local irriga
tion districts to utilize the Columbia River as a source of irrigation water. 

In early 1943, approximately a month after the successful Fermi experiment in Chicago showed 
that nuclear fission could be controlled in a small reactor, the United States Army Corps of 
Engineers selected Hanford as the location for a facility to build larger versions of the Fe rmi 
reactor to produce plutonium for possible use in military weapons. Actual constructi on started 
on three reactor facilities and three chemical processing facil ities in March 1943. The first 
of the reactors went into operation about 18 months after the start of construction and the 
first plutonium was available some 4 months later . Duri ng the course of the construction effort, 
aporoximately 94,000 men and women were involved at various times i n the project with a peak 
onsite oooulation of 51,000. 

Over the years following t he war, a total of five reactors similar to those built during the war 
were constructed, making a· total of ei ght graphite-moderated reactors using the Columbia River 
water for once-through cooling, i.e . , water circulated th rough the reactor only once before 
being held for radioactivity monitoring and some heat dissipation prior to release back to the 
river . 

In the early 1950's the construction of the research and development fa cil ities known as the 
Hanford Laboratories began . This marked the firs t diversification of Hanford from a purely 
defense materials production facility to one heav ily involved in the peacetime uses of the atom . 
In 1963, a new type of reactor, the N Reactor, was built . N Reactor is different i n th at it 
oroduces, in addition to plutonium, the byproduct steam which, since 1966 , has been used by the 
Washington Public Power Supply System (WPPSS) to generate electricity. Thus, the N Reactor was 
the first--and so far, the only--dual purpose reactor constructed in the United States . 

In early 1964 , a Presidential decision to begin closing down the older Hanfo rd reactors resulted 
i n the shutting dowiof all eight of the older reactors by t he end of 1971, leaving N as the 
only oroducti on reactor in ooeration . Another major change occurred in 1964 with the departure 
of General Electric who had, in 1946, succeeded DuPont as the prime operating contractor. In a 
unique "segmentati on and diversification" program, 1) General Electric was replaced by a number 
of contractors, 2) the communities' economic base was diversified , and 3) Hanford became 
involved in many AEC programs relating to the peaceful use of nuc lear materials and radiations . 

The current principal operating contractors at Hanford are: 

• Atlantic Richfield Hanford Company (ARHCO)--responsible for fuel processing, waste manage
ment, and all site general support services such as plant security , fire protection, 
central stores, electrical power distribution, etc. 

• Battelle Memorial Institute (BMI )--responsible for the operation of the Pacific Northwest 
Laboratories (also referred to as Battelle-Northwest or BNW) which i ncludes research in 
genera l areas of life sciences, env ironmental science, environmental survei ll ance, advanced 
methods of nuclear waste management and a wide variety of other physical and biological 
sci ences . 

• United Nuclear Industries (UNij--responsible fo r operations of the one remaining production 
reactor, N Reactor, and the N Reactor fuel fabrication. 

• Westinghouse Hanford Company (WHC )--responsible for the operation of the Hanford Engineer
ing Development Laboratory (HEDL) which includes advanced reactor developments, princi 
pally the Liquid Metal Fast Breeder Program and the Fast Flux Test Reactor. 

The Hanford site operating areas are identified by area numbers. Each area identified as a 
controlled or limited access area is totally enclosed in a high antipersonnel fence. The six 
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100 Areas, bordering directly on the Columbia River in the northernmost portion of the Hanford 
Reservation, are where the plutonium production reactors were bui lt . At one time in the earl y 
1960 ' s , nine production reactors were opera ti ng. Current ly , on ly t he dual-purpose N Reactor i s 
operating to prov ide plutonium for military purposes and ERDA research and deve lopment purposes 
and to provide the byproduct steam used for electrical power production in the WPPSS Plant . 

In the middle of the site, on a plateau about 7 miles from the Co lumbia River, are the two 
200 Areas where the fuel and waste processing and waste storage activit i es are located . The 
location of the 200 Areas was chosen because it provides the most i solati on from the site 
boundaries and i s the most removed from both surface and subsurface water . Under this area, the 
groundwater table is some 150 to 300 feet below the surface . 

The 300 Area is nearest to Richland. The research and development laboratories and the fuel 
fabrication facility for the N Reactor are located in this area . 

The 400 Area is about 7 miles north of the 300 Area and is t he site of the Fast Flux Test 
Reactor now under construction. 

The area of the Hanford Reservation not included as one of the 100, 200, 300, or 400 Areas is 
designated as the 600 Area. Figure II. 1-1 i s a map of the Hanford Reservat i on showing the 
locations of these various operational areas and other features (a detailed map is provided in 
Aooendix II. 1-A) . 

Currently, 86,000 acres of the site north of the Columbia River are being developed as a 
wildl ife refuge and recreation area by the U.S . Bureau of Sport Fisheries and Wildlife and 
the Washington State Department of Game. In 1964, the AEC leased 1,000 acres of l and near the 
200 Areas to the State of Washington for corrmercial nuclear use . The Nuclear Engineering Company 
provides corrmercial solid waste burial serv i ce on 100 acres of this tract under a license from 
the State. A 120-square-mile ecology reserve, the Arid Lands Ecology (ALE) Reserve, is estab
lished between a public road , State Highway 240 which traverses the southwestern porti on of the 
site, and the top of Rattlesnake Mountain . 

A flowchart depicting waste management operations at Hanford is presented as Figure I I . l-2. 

II. l . 1. 1.2 100 Areas 

Only one of the nine reactors constructed along the Columbia River is operationa l; the remainder 
have been retired or placed on standby . The size, construction schedule and current status of 
each rea_ctor is shown in Table II.1-1. 

I!. 1. 1. 1.2. l Band C Reactor Area (100-8/Cl 

B/C Reactor Area is shown in its present condition in Figure II. 1-3. The area of about 650 acres, 
which is the furthest upriver of the six 100 Areas, contains two reactors, 105-B and 105-C. 
Appendix II . 1-8 provides a map identifying major facilities and a table which lists the waste 
management facilities in the 8/C Area. Very few personnel are currently assigned to the area . 
Essentially all facilities in the area are on standby with the except i on of the 8/C water system 
which provides all the water supply for the 200 Areas. Fire protection for all of t he area and 
service utility water for some facilities are maintained. An electrical substation i n the area 
taps power for the pumps providing the 200 Area water. 

II. 1. 1.1.2.2 K Reactor Area (100-K) 

The 100-K Area, about 135 acres, is almost 2.5 miles irrmediately downriver from the 100-8/C com
plex and contains two reactors, K East and K West. Although about 10 years newer than the origi 
nal Hanford reactors, both were recently put on standby. The 100-K Reactor Area is shown in its 
present standby condition in the aerial photograph of Figure II.1-4. Appendix II.1-8 provides 
an area map identifying major facilities and a table listing the waste management facilities in 
the 100-K Area. 

Considerable use is made of the shutdown 100-K Area, and ali services and utilities except t he 
power house are in operation. The Reactor Plant Services Section of UNI operates from offices 
and laboratories in this area. United Nuclear Industries also operates a research and develop- · 
ment laboratory in 1706-KE. This effort, which is in support of N Reactor activities, includes 
bench-scale studies of water quality, filtering and corrosion. Some small scale decontamination 
studies are also carried out under this program. 

II. 1-2 
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TABLE I I. 1 -1 

SUMMARY - REACTOR STATUS 

Size- Construction Ooeration 
~ Acres Reactors Start ~tart ~hutdown 

100-8/C 650 105-B Aug-1943 Sept-1944 Feb-1968 
105-C June-1951 Nov-1952 April-1969 

100-K 135 105-KW Nov-1952 Jan-1955 Feb-1970 
105-KE Jan-1953 April-1955 Jan-1971 

100-N 90 105-N May-1959 Dec-1963 Operating 

100-D/DR 960 105-D Nov-1943 Dec-1944 June-1967 
105-0R Dec-1947 Oct-1950 Dec-1964 

100-H 320 105-H Mar-1948 Oct-1949 April-1965 

100-F 540 105-F Oec-1943 Feb-1945 June-1965 
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FIGURE II.l-3 1OO-8/C REACTOR AREA 

FIGURE II.1-4 1OO-K REACTOR AREA 

II. 1-5 



tr. 

Battelle-Northwest is presently using the K East river pumps to analyze the accuracy of a venturi 
flowmeter for flows up to 450 cubic feet per second (cfs). The raw river water is pumped to the 
100-K East sedimentation basins and then returned to the river . 

II.l.l.l.2 . 3 N Reactor Area (100-N) 

The 100-N Area, about 90 acres at river mile 380 and 2.3 miles immediately downriver of the 
100-K Area, contains 43 buildings including the N Reactor and the WPPSS generating plant. 
About 330 people work in the area during the 5-day, 8 to 5 work week and about 53 during off 
shifts and weekends. N Reactor is the only Hanford reactor still in operation which was 
designed for the production of plutonium. The reactor is a dual-purpose unit and provides 
low pressure steam for the 860,000 kW WPPSS generating plant nearby . 

The 100-N Area is shown in its present operating condition in the aerial photograph in Fig
ure II. l-5. In Appendix II.l-8, each facility is identified in a map while a table lists the 
waste management facilities at 100-N Area . 

II.l. l. l.2.4 D and DR Reactor Area (100-D/ DR) 

The 100-D/DR Area of about 960 acres is located 1. 7 miles immediately downriver of 100-N Area. 
The area as it currently exists is shown in the aerial photograph of Figure II.l -6. In Appendix 
II . l-8, an area map identifies major facilities and a table lists the waste management facilitie s 
in 100-D Area. 

Although both 100-D Area reactors are retired, this area is extensively used, and its utilities 
and services are in operation . The electrical substation serves as backup supply for 100-N 
Area. The water system in 100-D is a backup for systems from 100-B Area supplying the 200 Areas. 

United Nuclear Industries operates an engineering laboratory (189-D) in support of N Reactor 
operations. This includes the NPR loop facility which was the original test facility for 
N Reactor. 

FIGURE II. 1-5 100-N REACTOR AREA WITH WPPSS ~ENERATING PLANT TO LEFT 
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FIGURE II. l-6 100-0/DR REACTOR AREA 

Various contractors use facilities such as the 183-D settling basin, 190-D and others for special 
studies; for example, thermal hydraulics, emergency core cooling, and treatment of oil spills. 
Hanford Engineering Development Laboratory is conducting experiments studying total control of 
high temperature sodium fires in the 105-DR fan room. Ventilation flows including gaseous oxides 
of sodium pass through a water scrubber and filter before exiting through the reactor stack. 

II. l . l . l . 2. 5 H Reactor Area (100-H) 

The 100-H Area is located about 3.2 miles downriver of 100-0/DR Area and contains about 320 acres . 
Very little activity continues in this area, which is shown in its p·resent retired condition in 
the aerial photograph of Figure II. l-7 . Several major buildings including the power house and 
stacks and some of the water treatment buildings have been removed. In Appendix II.l-8, an area 
map identifies major facilities while a table lists the waste management facilities in this area. 

II.l.l.l.2.6 F Reactor Area (100-F) 

The 100-F Area, shown in its present retired condition in Figure II. l-8, is located 3.2 miles 
downriver of 110- H and is the reactor area closest to Richland, Kennewick and Pasco. In Appendix 
II . l-B, an area map identifies major facilities and a table lists the waste management facilities 
remaining in the area of about 540 acres. 

Although the reactor facilities in 100-F Area are shut down, BNW operates biology laboratory 
facilities located just outside the perimeter fence. Here, studies are conducted on animals of 
the effects of inhaled and ingested radioactive and toxic materials. Present plans call for 
these activities to be transferred to research laboratories in the 300 Area and south of the 
300 Area starting October, 1974 and to be all transferred by October 1975. 

II . 1.1.1.3 200 Areas 

The fuels processing and plutonium separation portion of operations at Hanford are located 
18 miles northwest of Richland and near the center of the Hanford Reservation. The 200 East 
and West Areas are shown in the aerial photographs of Figures II. l-9 and II. l-10 and are located 
on the site map of Figure II. 1-1. Additional area activities include plutonium fabrication and 
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FIGURE II. 1-7 1OO-H REACTOR AREA 

FIGURE II . l -8 1OO-F REACTOR AREA 

II.l -8 



~------------------- - - - - - - - --- - -- - ---

FIGURE II. 1-9 200-E AREA (200-W Area and 100-B/C Reactor Area in Background) 

FIGURE II. 1-10 200-W AREA (100-B/C Area in Background) 
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processing, waste fractionization, laboratory work and management of the high-level radioactive 
liquid waste resulting from the separations process. Radioactive waste from the 100 and 300 
Areas also is sent to the 200 Areas for disposal. (Details of 200 Area waste management facil i 
t i es and operations are presented in Appendix II. 1-C. ) 

II. 1.1.1.3 . l 200 East Area Plants 

Purex Plant 

The Purex Plant is the most recently constructed of the irradiated fuel processing plants. Con
structed between April 1953 and October 1955, Purex took over fuel processing operations from 
the Redox Plant. The Purex Plant, currently being maintained in standby condition, may be 
operated intermittently as required by M Reactor plutonium production . 

Irradiated fuels processing is accomplished in the Purex Plant where plutonium (Pu), neptunium 
(Mo), and uranium (U) are recovered from irradiated uranium fuels. The processing steps include 
metal dissolution, solvent extraction and ion exchange. Irradiated uranium fuel elements are 
charged to dissolvers, chemically declad, then dissolved with nitric acid . Chemical additions 
to the dissolver solution are made to produce suitable feed for the solvent extraction opera
t i on, where the major separation of the plutonium, neptunium and uranium from fission products 
is accomolished. The partition cycle separates plutonium from neptunium and uranium. The 
plutonium stream is routed through two additional solvent extraction cycles for further purifi
cation. After final concentration, the plutonium nitrate solution is loaded into containers for 
t ransfer to the plutonium finishing operations. The stream from the partition cycle , bearing 
t he neptunium and uranium, is routed to the final uranium cycle where neptunium is separated and 
returned to the backcycle waste stream, and final purificati on and concentration of the uranium 
i s accomplished . The product, uranyl nitrate hexahydrate solution (UNH), is stored in large 
tanks and ultimately transferred to the U0 3 Plant by truck-trailer for conversion to uranium 
t rioxide (U0 3 ). A portion. of the backcycle waste stream is routed to the neptunium recovery and 
purification process which consists of a solvent extraction cycle, a concentrator and an ion 
exchange column. The neptunium nitrate product solution is loaded into plastic containers for 
storage and shipment offsite. Supporting process systems include organic decontamination and 
recovery, nitric acid recovery, and waste concentration and treatment. 

Figure II.1-11 is a flowchart of the Purex Process. The Purex Plant is shown in the aeri al 
photograph of Figure II.l-12. Major facilities may be identified on the map in Appendix I I.1 -C, 
Part 1. 

B Plant 

B Plant, one of the original fuels separations facilities, was constructed between August 1943 
and February 1945 and was operated, using the bismuth phosphate process, until 1952 . This 
process produced a waste stream containing uranium from the irradiated fuel mixed with the bulk 
of the fission products. This very dilute waste required large storage volumes . 

As a result of a program to develop methods for the solidification of high-level waste, B Plant 
was converted in 1968 to a waste fractionization plant. It now functions to remove 1 3 7Cs and 

- 90 Sr from Purex current acid waste and from high-level supernatant liquids, and sludges from 
self-boiling liquid waste. In addition, an encapsulation and storage facility was constructed 
on the west end of the B Plant building. Here the strontium and cesium are converted to solid 
strontium fluoride and cesium chloride, doubly encapsulated, and placed in retrievable water
cooled stora_ge . 

Semiworks and Critical Mass Laboratory 

The Semiworks, built as a pilot plant for the Redox process in 1949, was later converted to pilot 
the Purex process. In 1960, the Semiworks was reactivated and equipped for th~ erocessing and 
loadout of fission products. Separating megacurie amounts of 90sr, 147Pm .and 14 Ce, it operated 
in the dual capacity of production and process demonstration to pilot the B Plant conversion to 
a waste partitioning facility. The Semiworks is presently shut down. 

At the C~itical Mass Laboratory (CML), research focuses on the criticality safety of plutonium in 
various forms and combinations with other elements. The resulting data are used to verify 
analytical methods used to predict criticality safety for plutonium in various fuel cycles. 
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FIGURE II . l-13 200-E AREA" B PLANT (Right Front Extension of Building 
is Encapsulation Facility) 

The Semiworks and Critical Mass Laboratory are shown in the aerial photograph of Figure II . 1-14 . 

Support Facilities 

General area facilities not specifically related to the various plant processes are located near 
the main area gate. They may be identified on a map in Appendix II . 1-C and are shown in the 
aerial photographs of Figures · IJ .1-9, II . 1-12 and II.1-13. 

II. 1. 1. 1. 3.2 200 West Area Plants [X . llA] 

U Plant 

Although U Plant, shown in the aerial photograph of Figure II.1-15, was one of the three origi
nal fuels separations facilities (T Plant, B Plant, U Plant) designed to use the bismuth phos
phate process, it was never used for that purpose. 

Uranium was not recovered in the bismuth phosphate extraction of plutonium from irradiated fuel. 
However, the later Redox and Purex processes recovered the uranium which still retained economic 
value. Following startup of the Redox Plant, U Plant was converted to recover the uranium from 
stored radioactive waste. From 1952 to 1958, waste was mined from the storage tanks and U Plant 
was used for uranium recovery. Although this processing is now finished and the building is 
unused, the adjacent uranium oxide plant is still used to produce powdered U0 3 by calcining 
(UNH) solutions from Purex Plant. The U0 3 is sealed in steel drums for offsite shipment. A 
byproduct 0f the calcination process is nitric acid, which is returned to the Purex Plant for 
reuse. Figure II. 1-16 depicts a simplified process schematic of the U0 3 Plant operation. The 
U0 3 Plant is currently being maintained in standby condition and will not operate until the 
Purex Plant resumes reactor fuels processing. 
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The reduction-oxidation process for fuel separation succeeded the bismuth phosphate process and 
oreceded the Purex process. The Redox Plant is shown in the aerial photograph of Figure II . 1- 17. 
Redox Plant was constructed from May 1950 to August 1951. It operated until July 1967 when it 
was shut down. Although the building is shut down, the 222-S analytical laboratory is in opera
tion. It supports the operation of B Plant, perfonns research, and helps develop waste 
management and environmental control processes. 

T Plant 

T Plant was one of the original fuel separation facilities and is shown on the aerial photograph 
of Figure II. 1-18. T Plant was constructed from June 1943 to October 1944 and operated for the 
bismuth phosphate process. It was last used for this purpose in 1956. Floor space and facili
ties in T Plant are presently used on an irregular basis for decontamination projects and 
equioment repair . The 224-T building is used for plutonium storage. 

Z Plant 

Constructed in 1949, Z Plant, shown in the aerial photograph of Figure II.1-19, is the site of 
plutonium laboratory and finishing operations, including the processing of plutonium scrap 
materials and the preparation of plutonium products. The Plutonium Reclamation Facility pro
cesses olutonium scrao in a variety of fonns and plutonium content to produce a pure plutonium 
nitrate solution. Americium is subsequently recovered from the solvent extraction high salt 
aqueous waste stream generated during the plutonium processing. Generally, the scrap is appro
oriately incinerated, then leached or dissolved with nitric acid in the feed preparation facili
ties. The solution generated is then adjusted chemically for feed to the extraction battery . 
Solvent extraction removes the impurities and produces a pure plutonium nitrate solution. The 
salt waste stream is further treated for trace plutonium and americium recovery. Contaminated 
waste streams consist of high and low salt aqueous solutions and degraded organic solutions . 
The high and low salt waste solutions are routed to underground storage tanks for conversion to 
salt cake. The degraded organic solutions are stored. 

The Plutonium Processing Facility converts plutonium nitrate feed to either plutonium oxide or 
metal, depending upon customer requirements. The plutonium is precipitated with oxalic acid, 
filtered and calcined (for plutonium oxide product) and then fluorinated and reduced to metal 
(for the metal product). The facility is currently being operated as required to convert 
plutonium ~itrate from the scrap process to metal. Waste streams consist of solids and the 
oxalate precipitation filtrate, which are recycled for plutonium recovery in the Reclamation 
Facility. Aspirator jet water, steam condensates and miscellaneous waste streams with very low 
concentrations of plutonium are routed to underground storage tanks for conversion to salt cake. 
Figure II.1-20 is a flowchart for this process. 
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Suoport Facilities 

General area facilities not specifically related to the various plant processes are located near 
the main area gate. They may be identified in Appendi x II . l-C on a map and are shown in the 
aerial photographs of Figures II.l-10 and II.l-19. • 

II.l.l.l.3 .3 Tank Farms and Solidification Facilities [ X.llA] 

Liquid waste containing high concentrations of radionuclides from the chemical processing plants 
has been stored on an interim basis in underground tanks at Hanford since startup . The complex 
of waste storage tanks, including 152 tanks with capacities ranging from 50,000 to 1,000,000 
gallons , are constructed of reinforced concrete with a carbon steel liner on the bottom and si de 
walls. The two new AY tanks, l ,000,000 gallons each, are of a tank-in-tank desi gn with a pr i
mary containment steel liner and a surrounding liner to the fill line. In the new AZ tank farm , 
one additional tank was completed in October 1973 and another is complete except for pi ping 
interties into the system . Three additional tanks are under construction in a new SY t an k f arm . 

Associated with the various tank farms are the evaporators used to convert nonboiling liquid 
waste to salt cake . Two units are presently in operation, and a third is under construction . 
Formerly, two units for in-tank solidification (ITS) , designated ITS - l and -2 , were instal l ed in 
spec i fic tanks in BY Tank Farm i n 200 East Area and operated by heating the waste in the tan k. 
These units were shut down in mid-1974. The 242-S and 242-T evaporators in the 200 West Area , 
and the 242-A evaporator under construction in the 200 East Area, are separate fac i l i t i es 
ad j acent t o the Sand SX, and T, TX and TY, and the A, AX , AY and AZ tan k farms respec t ivel y . 

200 East Area 

In Appendix II. l-C, Part 2, numbers and sizes of tanks and a listing of tank farm fac i lities 
are given f or 200 East Area. These tank farms are shown in the aerial photographs of Figure s 
II. l-21 and II . 1-22 and in Figure II. l-23. 

FIGURE II. l-21 200-E AREA TANK FARMS, AY, AX, A AND C 
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FIGURE II . l-22 _200-E AREA TANK FARMS BY, BX AND~ 

200 West Area 

Numbers and sizes of tanks and a listing of tank farm facilities in 200 West Area ~re given 
in Appendix 11.l-C . These tank fanns are shown in Figures II . l-24 and II . l-25. 

II . l. l. l . 3.4 Cribs, Ponds, and Ditches 

Intermediate-level liquid waste is released to the ground via structures called cribs. Essen
tially all of the radionuclides discharged to these sites are retained in the soil column above 
the water table due to filtration and ion exchange sorption. 

A total of 177 cribs have been provided for disposal of intermediate-level liquid waste since 
startup of the 200 Area facilities. Of these, 144 have been deactivated, 8 were not used, 10 
are in standby, and 15 are currently being used . 

The chemical processing operations use very large quantities of water, most of which never come 
in contact with radioactive materials. This aqueous waste, which is primarily cooling water 
with some steam condensates, is discharged to ponds for evaporation and/or percolation through 
the ground eventually to the groundwater . 

Approximately l.3 x 10 11 gallons of cooling water and steam condensates have been discharged to 
30 surface ponds and ditches in the 200 Areas since the start of chemical . processing operations. 
Approximately 360 acres of land were used for these waste disposal operations, with about 180 
acres of this total in current use. Radionuclides discharged to these sites, primarily from 
accidental releases due to equipment failures, are largely filtered or sorbed and held in the 
soil beneath the pond or ditch area. 

200 East Area 

In Appendix II.l-C, Part 2, cribs and ponds for 200-E may be located on area maps and are listed 
in a table along with size and use information. Aerial views of these cribs and ponds are 
found in the photographs of Figures II.l-12, II.l-14, 11.1-21, II.l-22, 11.1-26, Il.l-27, 
II . l-28 and II. 1-29 . 
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In Appendi x II. 1-C, Part 2, cribs and ponds for 200-W may be l ocated on area maps and are listed 
in a table along with size and use information. Aer ia l views of these cribs are found in the 
photographs of Figures I I.1-15, II.1 - 17, II.1-1 8, II.1 -19, II.1-22, iI.1 - 30 and II. 1- 31. 

II.1.1.1.3.5 Sol id Radioactive Waste Burial Grounds 

More than 5 million ft 3 of contaminated solids have been buried on the 200 Area plateau since 
the start of chemical process i ng operations. These wastes consist of so-ca ll ed- "dry 1>1aste" 
(soiled clothing, laboratory suppl ies , tools , etc ., packed in cardboard, 1>1ood or metal con
tainers) and industrial waste (pri marily i tems of fa i led process equipment packaged in heavy 
me tal or concrete boxes) . Transuran ic bearing waste has been packaged in sea led metal 
containers and segregated in t he burial trenches since May 1, 1970 . Contaminated solid waste 
is buried in 19 sites on t he 200 Area plateau using 155 acres . 

Pri or to 1968 , essentially all of the waste buri ed was generated by the 200 Areas opera ting 
facilities . Since 1968, waste generated by 300 Area operations also has been buried i n the 
200 Areas sites. Beginning i n December 1973, waste from reactor ocerations i n the 100 Areas 
is being sent to the 200 Areas for burial. Small vo lumes of sol i d waste, generated by offs i te 
ERDA operations , have been and .will continue t o be buri ed here. During 1973 , approxima tely 
2000 ft 3 containing l ess than 4 Ci of mixed radioactive materials were received from offs i te. 
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FIGURE II.1-24 200-W AREA TANK FARMS SX ANDS 

FIGURE II. 1-25 200 WEST AREA TANK FARM FACILITIES 
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· FIGURE II .1-26 216-B-3 POND 

PIGURE II . 1-27 GABLE MOUNTAIN POND 
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FIGURE II : l-28 WEST LAKE 

FIGURE II. 1-29 200-E AREA BURIAL GROUNDS 218-E-10, SA, 5, 2, 9 AND 4 
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FIGURE II.1-31 200-W AREA BURIAL GROUNDS 218-W-2A, 3 AND 3A 
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200 East Area 

In Appendix II . 1-C, Part 2, burial grounds are listed in a table and shown on a map. These 
burial grounds appear in the aerial photographs of Figures II. l-12, II . l-14, II . l-29 and 
II.l-32. 

200 West Area 

In Appendix II . l-C, burial grounds are listed in a table and shown on a map . They appear in the 
aerial photographs of Figures I I. l -17, I I. l -20, and I I. l -31. 

I I . l . l . l . 4 300 Area 

The 300 Area is located about l mile north of the Richland city limits on the bank of the 
Columbia River . Roughly rectangular in shape, it includes about 375 acres and will soon 
expand northward for added waste management facilities . The aerial photo, Figure II . l-33, 
shows that the area is bounded by the Columbia River on the east and the highway on the 
west. The recently built Life Sciences Facility in the very lower left marks the southern 
boundary while the second process water discharge pond marks the southern boundary while 
the second process water discharge pond marks the northern boundary . This pond, separated by 
the V-shaped sanitary waste leach trench from a similar pond, is a distinctive landmark . 
Waste burial sites now covered are seen at the top (west) of this photo taken in 1973 and at 
the right side of the figure. 

Most facilities in the 300 Area, completed in 1943 and the years in1Tlediately following, were 
related to the fabrication of reactor fuel. These included many technical and service support 
facilities as wel l as fuel manufacturing. As the Hanford production reactors were shut down , 
fuel manufacturing activities decreased. Thus, for over 15 years, research and development 
programs have constituted a major part of the activities in the 300 Area. The newer facili
ties house mostly laboratories and large test facilities in support of peaceful utilization of 
plutonium, reactor fuels development, liquid metal technology, fast flux test reactor support, 
qas cooled reactor programs and life sciences programs . 

FIGURE 11.1-32 218-E-12-B BURIAL GROUND 
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FIGURE II . 1-33 300 AREA 

I I. 1. 1. 1. 5 400 Area 

The 400 Area is the Fast Flux Test Facility (FFTF) Construction Area . An environmental impact 
statement has been prepared . 1 

I I . 1.1.1.6 600 Area 

Included in the 600 Area (all of the Reservation which is not included as 100, 200, 300 or 400 
Areas) are : 

• the Arid Lands Ecology Reserve,* a 120-square-mile tract set aside exclusively f or the 
study of ecology 

• 1000 acres leased to the State of Washington 

• 1,089 acres for WPPSS nuclear plant Hanford No. 2, of which 1,059 acres will remain i n its 
natural state 

• about 2,000 acres of the former Hanford Construction Camp which housed at one time over 
40,000 workers 

• 2 abandoned towns1tes, Hanford and White Bluffs 

• many support facilities for the Controlled Access Areas 

• 32,000 acres for U. S. Bureau of Sport Fisheries and Wildlife Refuge 

• 54,000 acres for Washington State Department of Game 

* Also referred to as the 1400 Area . 
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Table II . 1-2 sunmarizes features of the 600 Area. None of the f acil iti es in the 600 Area are 
generators of radioactive waste. However, parts of the 600 Area are or were involved i n the 
Waste Management Operations Program. 

, TABLE II.1-2 

PREVIOUSLY UTILIZED ACREAGE OF THE 600 AREA 

Ex isti ng 
Disturbed 

Size or Acreage 
Descrietion Caeaci t:t: (Acres l 

Hanford Camp (abandoned and razed) 1920 Acres 960 
213 Storage 28 Acres 28 
Old Central Shops 224 Acres 190 
Army Anti-Aircraft (razed) Sites 

and/or World War II imp l acements 219 Acres 78 
Graveled leveled areas not used 

in parking 354 Acres 338 
Borrow Areas--1 acre or more in size 1448 Acres 1118 
Fill Areas 266 Acres 200 
Disturbed Surface--old rail road beds, 

fire breaks, or seismic 
test areas 212 Acres 212 

Rail roads with 35 ft wide roadbeds 178 Miles 755 
Four-lane Blacktop Roadways with 

80 ft widths 33 Miles 330 
Two-1ane Blacktop Roadways with 

50 ft widths 155 Miles 939 
Improved Gravel Roads 91 Mil es 441 
Telephone Lines{a) 144 Miles 436 
Power Lines (a) 247 Miles 1497 
Raw Water Lines 100 B/C and 

(and 100 0/DR) 
to 200 Areas 

Buildings 49 in use 
6 abandoned 

(a) All lines have one dirt road plus fire break areas under the 
lines, 25 feet wide for phone lines and 50 feet wide for 
power lines. 

II. 1. 1.2 Waste Management Facilities, Processes and Equipment 

II.l.1.2. 1 100 Areas [RPB] 

The shutdown of eight production reactors and the recent (1973) elimination of solid waste 
buri als in the 100 Areas significantly decreased waste management activity in the 100 Areas. 
Most of the 100 Areas now generate essentially no waste. Waste management facilities of the 
100 Areas are arbitrarily divided into the active and inactive areas. 

N Reactor differs significantly from all earlier HAnford reactors. At N Reactor, the primary 
coolant circulates through the reactor and absorbs heat fran the fuel elements but is not 
returned directl y to the river. Instead, heat is transferred through heat exchangers to a sec
ondary coolant loop which ordinarily produces the steam to power the electrical generators of the 
WPPSS. By not releasing cooling water from the reactor core directly to the river, the amount 
of radioactivity released to the river is greatly reduced. 

rr. 1-26 



II.1 .1.2.1.1 Radioactive Liguid Waste Facilities [X.12] 

1301-N Crib and Trench 

Figure II. 1-34 outlines the 100-N liquid waste system. The major source of radioactive liquid 
waste released to the ground is the continuous bleed of primary coolant of the N Reactor . Th e 
cooling water is circulated through the reactor process tubes and over the fuel element surfaces 
reoeatedly . Induced activity is minimized by purifying this water before injection into the 
primary coolant loop. Howev~r, t he water accumulates radioactivity i n the reactor coolant loop 
as follows: 

• induced activity in dissolved piping corrosion materials (iron, chromium, manganese , 
zirconium and cobalt) 

• fission product releases from fuel elements with failed cladding 

• fission products from the f issioning of uranium residue resulting from fuel cladding 
failures. 

Radioactivity in the coolant loop is reduced by continuous bleed-off of part of the coolant and 
replacement of it with treated river water . The average bleed rate of 1,000 gpm all ows the 
entire prima ry coolant volume of 150,000 gall ons to be repl aced every 2. 5 hours . Ammonium 
hydroxide is added to pri mary coolant wa ter during operation to raise the pH to the alka line 
side of neutral. The bl eed-off coolant water is then r eleased to the 1301-N crib which measures 
about 125 by 290 feet . Figure II.l -34 shows the sources of liquid discharges to the crib, 
trench, and Columbia River . The total flow to the crib during normal reactor operation is 
2,500,000 gpd from: 

• 36-in. contaminated drain with about 2,000,000 gpd during reactor operations 

• 12-i n. line of about 500,000 gpd during reactor operations 

• 3-in. drain from waste disposal valve pit, 350 gpd 

• 6-in. auxiliary decontaminat ion l ine from 109-N, intermittent . 

The overflow from the crib is di rected to the adjacent 1 ,600-ft long by 50-ft wide trench . 
Some flow from the crib and trench forms a surface seepage at the river bank referred to as the 
N Area Riverbank Springs . About one-half of the discharged water reaches the river i n ~ to 
10 days . The rema inder follows longer flow paths and requires weeks t o mon ths to reach the 
river . 

Most radioactive species discharged to t he crib are retained in the so il by chemical reactions, 
prec ipitation, and ion exchange. Since the pH is on the alkaline si de , the hydroxides and basic 
salts of zirconium, cerium , and other rare earth and transi tion elements precipitate and are 
retained in the soil by filtration. Due largely to the type of clay minerals present in the 
region, ion exchange of the cations retains the long-lived radionucl ides (S Oco, ?Osr, l3 ~Cs ) in 
the soil. 

102-in. Discharge Line to the River 

A 102-in. diameter discharge line terminates in the Columbia River about 500 feet out from 
water 's edge during low volume river flows of ~50,000 cf s (Appendix II. 1-D) . The waste cons ist~ 
primarily of steam condenser cooling water discharged via the 102-in. line to the Columbia River 
channel. (Flow ra tes down the l ine with the reactor operati ng are about 225 ,000 gpm and with 
reactor shutdown are about 100,000 gpm .) The discharge points into the 102-in . line are detailed 
in Appendix II . 1-0 . 

Decontamination Waste - 1310-N Facili ty 

Approximately 600 ,000 gal lons of liquid waste are shipped to 200 Areas each year. The bulk of 
the waste is generated once a year when the N Reactor pri mary coolant piping i s internal ly 
decontaminated to remove radi oactive corrosion products and deposited materia ls. Decontamina
tion is a once-through process in which 250,000 gallons of 8 wt% phosphoric acid i s flushed 
through the primary coolant loop and routed to t he 1310-N t ank .* The primary coolant systam 
is then rinsed with water and NaOH is added to the 1310-N tank to neutralize the phosphoric 

* Twenty thousand gallons of 70 wt% phosphoric acid is added to demineralized water, giving 
250,000 gallons of 8 wt% H3PO~ which fs then flushed through the primary loop. 

II.1-27 



I 
N 
OJ 

.... 
flUMl 

II 

I 
I 
I 
I 

101" 
rlPl 

,,-------~ 

,,,,,,' l·~·l~•i', 
,, I I \ 

, I \ 

/ lUR·GlN COND WAllR ~ \ 
PRIM PUMP COOLING WAllR---"t DUMP CONO \ 

9 

OVERFLOW 

DUMP 
BASIN 

a 

lllRMAL SHIELD DRAINS• 
ROD lllX COOL! NG WA llR 
RUP MON HEX COOLING WAl(R 
NONRADIOACIIVl DRAINS 
EOUIP COOLING WAllR DRAINS 
\'lNl UNIIS DRAINS 

a 

IDS llfl SIAIION 
PUMP Wlll 

INCi 

0 

.--o---ROD COOLING WAllR IONC( IIIROUGHI 

INC DUMP VALVO 

.... ..._ __ GAAPIII fl COOLING WAl(A IONCl IHROUGIP 
INC DUMP VAl VU 

RUPIUR( MONIIOR SAMPU WAIER 

1119 NONRADIOACIIV( DRAINS--. COOi.iNG \ 
GRAPltlll IIX COOi.iNG WAl(R-.f WAllR \ .__.,_ ________ __, __ _. 

PRIMARY COOLANI SPIil 
ROD COOlANI BLEID Ill FIIIER BLDG DRAINS 
BALI WASIIER DRAIN 
RlAtlOR GAS SYSl(M DRAINS I SIEAM GENlRAIOR \ I SECONDARY IIOWDOWN ' 
ZONE I HOOR DRAINS 16" DRAIN 

B 
iONl II FLOOR DRAINS 

PR I MAR YCOOI.ANI IUlD 
PRIMARY PUMP SlAl UAAAG( 
GRAPlllll COOlANl IUCD 
GRAPIIIIE PUMP S(Al UAAAGl 
SllAM G(NlRAIOR cm DRAINS 
PIPE GAlUAY DRAINS 
VlNI LOOP SlAl DRAINS 
CONIAMINAllD IOOL ROOM DRAINS 
WAl(R OUAIIIY lAI DRAINS 
((JUIPWNI DRAINS 

ll' RADIOACIIVl DRAIN 

6" OlCON FIUSII IINE 

-- CONIAMIN,'1[0 LINE 

--- CUANUNl 

II! X IO llXCIIANGlR 

NO NORMAU Y OPlN 

NC NORMAU Y CLOSCD 

• lit IHERMAL SHIUO DRAIN~ AR( Ill MAJOR CONIRIBUIORS 
Of RADIOACIIVIIY IN nus GRWP Of IIIU 

' DlMINERAll ZER 
RE GlNERAIION 

WAS llS 
N(ACIOR 

SH:IIAGI BASIN COOIING WAil 
CASK CAR WASll DRAINS 
IRANSHR ARLA DRAINS 
IRAVUING WIRE HUX MONIIOR 

DRAIN 
BOII OM IIIRMAL SHIHO DRAIN 

PRIMARY .w_o_P_--'D-----------'N ... ·R--'E_A.;..C l'-"OR-'--0-'-lC;;..;ON __________ _ 

NORMAL 
FLOW INC OUM~ VAl\'ll 

PROClSS IUBl 
•~IVlRSION VAlVI 

' 01\'lRSION . 
HOW 

INC i 

Ub BIOG lOMI DECON IAN K ORAi NS 

FIGURE II . 1- 34 100-N LIQUI D WA ST E SYSTEMS 

CRIB 

--~--IOIANK CA. 
200 AREA 01 SPOSAl 

[)(,ORI PUMP 



' 
' 0 

acid, increasing the 1310-N tank's waste volume to approximately 600,000 gallons. The resulting 
intermediate-level liquid waste is shipped to the 200 West Area in 20,000-gallon railway tank 
cars for evaporation to a solid and for in-tank storage. 

II. 1.1.2. 1:2 Radioactive Solid Waste Faciliti es 

Solid waste from 100-N Area was buried in trenches in other 100 Areas i n the past. The waste 
contained dried salts and oxides of the activation and fission products fo und in solution i n the 
primary ccolant water. A few metallic components, taken from the active reactor zone, contain
ing zirconium, iron, and steel activated to 95 ZrNb , 60co, and 54 Mn were also bur ied in these 
facilities. Waste containing transuranium elements and/or high concentration (10 mCi/g) of 
long-lived radionuclides (>5-year half-life) was shipped to the 200 Areas for .burial. Since 
December 31, 1973, all solid waste has been shipped to the 200 Areas for disposal with the 
following exceptions: 

• Contaminated Equipment Storage. An area was set aside for temporarily storing contami
nated equipment removed from radiation zones prior to reuse or disposal. 

• Durrmy Storage Silos. Si l os are in active use for storage of irradiated process spacers, 
called durrmies because they resemble fuel elements but contain no uranium and are used as 
spacers. No contamination exists on the ground surface . Radiation level at the top of 
pi t 1 is 25 mR/hr and at pit 2 is 35 mR/hr . The dose rate at the Radiation Zone Boundary 
is <l mR/hr . Dummies are periodically removed . 

• 100-K Area Silos. Two silos in the 100-K Area (each 8 ft in diameter and 24 ft deep) are 
used for disposal of metallic scrap from N Reactor's fuel storage basin . Th is was te con
sists of irradiated fuel element support hardware, bent spacers and other metall i c refuse 
found in the storage bas in. Ruptured fuel element fragments are not included in this 
waste . 

II . 1. 1.2 . 1.3 Radioactive Gaseous Waste Facilities 

. The tritium and radioiodines formed in the reactor primary water are bled out of the primary 
loop into the ventilation exhaust air . Air that leaks in and is purged out of the reactor core 
graphite gas atmosphere contains 40Ar which is activated to ~1Ar . This out leakage is al so 
carried away by the building venti l ation exhaust air. The ventilation air and gases exhausted 
from the building pass through high efficiency particulate air filters (HE?A) and charcoal 
absorbers before being discharged to the atmosphere from the 200-ft high ventilation stack at 
150,000 cfm. (Results for 1972 are presented in Appendix II. 1-B, Part 4.) 

Some of the 100 Area gaseous radioactive waste originate in the 105 / 109-N facil ity as activat i on 
salts that are dried on the outside of the reactor piping and surrounding surfaces . Some of the 
radioactive salts are entrained by the ai r currents and are removed by high effic i ency filters 
pr1or to discharge through the ventilation stack . 

II. 1. 1.2 . l .4 Inactive Areas 

Radioactive waste management facilities in the five 100 Areas in which the reactors (8) were 
retired are largely the t erminated cri bs , trenches, burial areas and the contaminated facilities 
such as the reactors, spent fuel basins and effluent holdup basins. The status of these facili
ties is constantly monitored and maintained in their t erminated state pending permanent disposi
tion. The 183-H basin i s currently used for receiving the neutralized chemica l waste from the 
300 Area fuels fabrication facility for solar evaporation and eventual recovery of copper and 
uranium. Tables in Appendix II. 1-8, Part 2, list all the cribs, bur ial plots , trenches and ponds. 
Very little work with radionuclides is currently in progress and the small quantity of low- leve l' 
radioactive waste still being generated is also noted in this tabulation . Any radioactive solid 
waste generated is now transferred to the 200 Area for disposal. 

No facilities or equipment for waste management of radioactive gases are needed or are now in 
service except at the 144-F ani ma l farm facility performing plutonium inhalation studies. Hi gh 
efficiency particulate air filters are installed at 144-F at the experimental enclosures and 
on the stack, which has a norma l flow of 6,500 cfm to the atmosphere. The stack exhaust is 
continuously sampled. (Results for 1972 are presented in Appendix II.1 -B, Part 4.) 

II.1.1.2.2 200 Areas 2 

Due to the high rates of heat genera ti on in the hi gh-1 eve 1 boiling Current Acid Waste (CAW), 
produced from the Purex Plant process ing of irradiated reactor fuel, solidificati on is not 
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feasible without special processing because excessive temperatures would be encountered in the 
solids formed. With half-lives of about 30 years, 1 37Cs and 90sr contribute much of the heat 
through their radioactive decay. Initially, decay of other fission products in the waste also 
generates sufficient heat to make the CAW boil even in the absence of 1 2-Cs and 30 sr. However, 
due to the relatively short half-lives of the other radionuclides in the waste, the rate of 
heat generation drops to levels acceptable for solidification within about 5 years . Conse
quently, CAW is processed (in B Plant) to remove a majority of the cesium and strontium from the 
liquid waste; the cesium and strontium are encapsulated as a solid for long periods in water 
cooled storage . The renaining l iquid waste is neutralized and stored in doub l e-wall tanks unt i l 
sufficient radioactive decay allows solidification to salt cake . 

Dilute nonboiling liquid waste is stored in tanks and/or evaporated to solid cakes in an effort 
to minimize liquid waste storage inventories and convert the waste to immobile forms as soon as 
practicable. 

The following subsections treat these processes in more detail, as well as the disposa l of the 
less radioactive waste generated in the fuel and waste processing operations. Table II . 1- 3 
indicates the sources and products of the waste output from the 200 Areas operations (shown 
schematicall y in Figure II. 1-35). As indicated in the table, waste is also received from other 
areas. These transfers are indicated on the flowchart of Figure II . 1-2. 

Source 

200 EAST AREA_ 

Pure,c Plant 
B Plant 
244-AR Vault 
241-A, AX, AY Tank 

Farms 
Critical Mass 

Laboratory 
Semi works 
CR Vault 
ITS-1 and 2 

Concentrators 
241-BX, BY and C Tank 

Farms 

200 WEST AREA 

T Plant 
242-T Concentrator 
Laundry 
231-Z 
U Plant 
Z Plant 
U03 Plant 
222-S Laboratory 
241-SX Tank Fa-rm 
Redox Plant 
241-TX Tank Fann 
242S Evaporator 

FROM OTHER CONTRACTORS 

Pacific Northwest 
Laboratory 

United Nuclear 
Industries, Inc. 

Westinghouse Hanford 
Company 

J. A. Jones Construc
tion Company 

TABLE I l. 1-3 

RADIOACTIVE WASTE SOURCES 
Type of Waste 
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II.1 .1 .2.2.1 B Plant Waste Fractionization and Encapsulation [RPB, X. l lA, X. 25] 

B Plant removes 90sr and 137Cs from high-level radioactive waste resulting f rom t he process i ng 
of Hanford reactor fuels. The isolated strontium and cesium fractions are further purified and 
are doubly encapsulated and stored in monitored water basins which provide both radiation 
shielding and cooling for the capsules. 

Both currently-generated and stored self-boiling wastes are processed by B Plant. A flowc nar t 
for these operations is shown in Figure II. 1-36. CAW from the Purex Plant is routed under
ground to B Plant via the 244-AR Vault. The solids are removed from the current ac id waste and 
treated for removal of strontium, while the supernatant solution is processed for cesium remova l 
by precipitation with phosphotungstic acid. The recovered cesium is further processed by ion 
exchange. Strontium is recovered by processing the acid waste through the solvent extraction 
system. Stored waste is processed similarly, with the exception that precipitati on has al ready 
separated solutions into sludges and supernatant liquid in the storage tanks. After process i ng 
of the supernatant liquids for cesium removal, the alkaline sludges are sluiced from the tanks , 
acidified, and transferred by underground piping to B Plant for strontium removal. After cl ari
fication, the strontium is recovered by solvent extraction in four extraction columns. The over
all strontium recovery rate to date is approximatel y 85%·; the current recovery rate is over 90%. 
The overall recovery rate of cesium is about 88%; currently, cesium recovery rate averages about 
93% . 

Following recovery in B Plant, cesi um and stronti um solutions are puri f ied and stored as li quids 
in stainless steel tanks equipped for cool i ng co i ls . The cesium and stronti um are encap sul ated 
in the Waste Encapsulation and Storage Facil i ty (WESF). The cesium solution is t rans ferred t o 
WESF and converted to cesium chloride solution by t he addition of concentrated hydroch lori c ac id . 
This solution is evaporated to yield solid cesium chloride which is melted. The molten mater ia l 
is vacuum transferred to 316 stainless steel or Hastelloy C-276 cylinders (capsules ) where it 
solidifies as cesium chloride salt. After endcaps are welded on t he capsules, they are lea k 
checked with helium, decontaminated and enclosed in ou t er capsules . Endcaps are welded on the 
outer capsules and the welds tested ultrasonically. Completed capsules are transferred : o the 
underwater storage basin. 

The strontium solution is transferred to WESF where the stron ti um is precipitated as strontium 
f l uoride by the addition of sodium f l uoride. The strontium fluoride is separated by filt ra tio n, 
s i ntered and the dry powder packed into Hastelloy cyl i nders. Encapsu lation proceeds as 
described for cesium. The filtrate from the precipitation step i s ret urning t o B Plant for 
rework or disposal. Figures Il . 1-37 and II .1 -38 depict the respect i ve flowsheets for ces ium and 
strontium encapsu lati on. 

Results of t he compa ti bil ity of cesi um chlori de and stront i um fluoride •..iith t hei r respec t i ve 
capsule ma t eri als have been studi ed . 3 4 A conservative extrapo lation of corrosion t est resu l ts 
shows that strontium and cesium i nner capsu les will ma i ntain their integrity f or at l eas t 600 
years when stored under water . In this period, radi onuclide activity •..iill have decayed co l ess 
than 200 millicuries per capsule. When an ultimate di sposal method for Hanf ord r ad i oact i ve 
waste is available, the stronti um and cesium capsules can be sent to that fac ili ty or perhaps 
to a facil i ty provided for commercia l waste disposal. The l i fe ti me of the capsule storage 
basins in the WESF is expected to substantially exceed the t ime required t o develop an ul t imate 
disposal method. There is no existing plan to convert the capsule storage basins to an "ul ti
mate disposal site." 

All liquid effluent streams will be continuously monitored and routinely samp led. Storage bas i n 
water will be circulated within a given storage cell. If radioacti vity is detected, the ,,iater 
will be transferred to B Plant for rework or di sposa l and the source of the contaminat i ons 
detennined and appropriate repairs made . Cool i ng water streams will empty i nt o_ t he B Plant 
cooli ng water header . If radioactiv ity is detected, t he cool i ng wa t er will be di verted and 
t r ansferred t o B Plant for disposit i on . Gaseous effluents wi ll be passed through HEPA fil ters 
to remove radi oacti ve parti culates, monitored , and exhaust ed t o the atmosphere via a stac k. 
Sol i d radioacti ve waste wi ll be packed in barrel s and buri ed . 

II . 1.1.2 . 2. 2 Tank Farms Ooerations [X. llA, X. 25, X.24, X.25] 

High-l evel radioactive waste, produced in the chemical processing of i rradiated Hanford reactor 
fuels, i s stored in large underground tanks. Self-boi ling waste produced by Purex Pl ant i s 
stored in the 200 East boiling waste storage tank complex. Boiling waste produced at the Redox 
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FIGURE II . 1-38 STRONT IUM FLUOR IDE ENCAPSULATI ON PROCESS FLOW DIAGRAM 

Plant is stored in part of the SX tank fann. High- level waste is neutralized with sodium 
hydroxide or sodium carbonate, and then stored as an alkaline slurry. The neutral ization pre
cipitates a major portion of the fission products, resulting in a solids or sludge layer covered 
by supernatant liquid . 

The accurate measurement of liquid l evel is diff icult in tanks with active bottoms systems con
taini ng large amounts of liquid surface, build-up of salt cake at the vert ical wal l s, and 
bottoms salt cake . From information obtained through operation of the three Hanford evapora tive 
systems , a poss ible worst case type transfer between a "clean" tank and one with a large amount 
of salt cake is estimated to differ by a factor of 1. 5 between the inches transferred and the 
inches received . Conversely, for a transfer between clean tanks without salt formation on the 
wall s, one standard deviation uncertainty might be expected to be with in 2,000 gal l ons . There
fore, the magnitude of a detectable loss is very dependent upon the current knowledge of sa lt 
and its disposition within the tanks. Other problems are related to surface crusts that present 
an i rregular and often mobile profile of the tank waste-vapor space interface. For example, 
crustal movements have caused liquid level variations as great as six inches upon occasion. 
Also, a dry surface crust can render the conductiv ity probe inoperative. Under abnormal 
(unplanned) conditions, foaming can interfere with surface measurement until foaming subsides. 
Special facilities, such as well encased weight factor and conduct iv ity probe measurement 
systems, are being studied as possible corrections for these latter problems. 

High- level waste stored in the A and AX tank farms is present ly being processed by B Plant to 
remove the long-lived fiss i on products. This yields nonboiling waste whi ch can be solidified 
for in-tank storage as sol fd salt cake . For B Plant process1ng, the supernatant li quid is 
pumped off a given tank, exposing the sludge. The sludge i s t hen broken into a slurry by 
slu icing with water or supernate , using specia lly designed high pressure nozzles. The slurry 
is pumped to holding tanks in the 244-AR Vault where it is allowed to settle, and the supernate 
i s routed to B Plant for cesium removal . The solids are then dissolved by acidificat i on, and 
that solution is sent to B Plant for strontium removal. 

Supernatant li quid from tanks in the SX tank fann has been processed by B Plant. Sludge t empera
tures in certain SX tanks are being controlled by air cooling, with offgases being partially con
densed and returned to the tanks or filtered and discharged to the atmosphere. Sluicing of the 
sludges is not planned due to the age of the tanks and the possibility of liquid leakage. 
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No boiling waste is being generated at present since the Purex Plant is not in operation. The 
only planned new source of boiling waste will be Purex CAW resulting from future processing of 
irradiated N Reactor fuel . This waste will be routed directly to B Plant for removal of long-
1 ived fission products. However, due to decay heat frqm the remaining short-lived fission prod
ucts, the processed waste will self-boil. Storage as a liquid will be required until radioactive 
decay reduces the concentration of the shorter half-life radionuclides. Such processed waste 
will be suitable for solidification about 5 years after its generation. 

Table II. 1-4 presents a surrmary of tank fann data. 3 The first tanks were for nonboiling waste. 
Figure II. 1-39 is a schematic drawing of a typical nonboiling tank design; Figure :I. 1-40 pre
sents some tank construction data and the· waste characteristics for which the tanks were 
designed. 3 These tanks are vented to the atmosphere through air-cooled reflux condensers. 
Instr1.1nentation was provided to measure l) the sludge and supernate temperature and 2) the 

. liquid and sludge levels in the tanks. A grid of dry wells in each tank farm is used to monitor 
the soil for radioactive materials, thus serving as a secondary leak detection system. Well 
sites and well design were dictated by the specific site conditions and the suggested flow path 
of liquids both above the water table and within the groundwater. 

TABLE II. 1-4 

WASTE STORAGE TANKS(a) 

Tank Tanks Capacity/Tank Capacity/Fann Year Cost/Farm(b) C:;s ': f g~ 
Farm In Farm (gal) (ga 1) Cons true ted ( s l , . . 

. ~ ' 

T 16 54,500 (4) 
530,000 ( 12) 6,578,000 1943-44 J, ::l8 7 . 000 : . .:E; 

u 16 54,500 (4) 
530,000 (12) 6,578 , 000 1943 -44 2. 369 ,000 'J . !5 . 

B 16 54,500 (4) 
530,000 (12) 6,578,000 1943-44 3,019,000 C . .153 

C 16 54,500 (4) 
530 , 000 ( 12) 6,578,000 1943-44 2,938,000 C . .!47 

BX 12 530,000 6,360,000 1947-48 2,208,000 C. 34 7 

TX 18 758,000 13,644,000 1 947 -48 5,359,000 :u29 

BY 12 758,000 9,096 ,000 1950-51 2,551,000 0. 291 

s 12 758 ,000 9,096,000 1950-51 3,961,000 0. 435 
TY 6 758,000 4,548,000 1951-52 1,846,000 0.406 

sx 15 1,000,000 15,000,000 1953-54 3, 983 ,000 C.2 66 
A 6 1,000,000 6,000,000 1954- 55 5,865,000 0. 978 
AX 4 1,000,000 4,000,000 1963-64 '2.,577,000 0.644 
AY(e) 2 1,000,000 2.000.000 1968-70 3,125 ,000 l . 562 
AZ(c,e) 2 1,000,000 2.000.000 1971-75 6,200,000 3. 100 

153(d) 98,056,000 50,288,000 0.513 Avg 

(a) In addition to the tanks listed, three new tan~s (SY tank farm) are under construction . 
(b) Includes 0riginal tank farm cost plus improvements, including instru~entation, a~i~~cion 

systems, and transfer lines fror., separations plants. Operating costs are not inc lu jed. 
The A and AX farm costs include the actual cost of S761,GCO for Project CAC-970, Es;-:n
tial Waste Routing System, and an estimated cost of S280,000 for Project iAP-6Qj , f."~,·ex 
Tank Farm Vent System Expansion. The costs for these two projects are equally divided 
between A and AX farms. 

(c) Both tank structures are complete. One has the pipir,'J interties and can be used; the 
other is not yet piped into the system. 

(d) The 153 total includes one tank considered as under construction as noted in footnote (c) . 
(e) Double-wall tanks. 
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Newer tanks were built to contain waste with greater heat generating characteristics, as shown 
in Fi gure II.l-41. These tanks are of the same genera l construction as those described for 
nonboiling waste. However, additional features are provided to pennit self-concentration. The 
vapors are routed through headers to a de-entrainer and water-cooled condensers, which are vented 
to the atmosphere after passing through a wire mesh de-entrainer, high efficiency filters, and 
exhaust blowers. As shown in the schematic of Figure• II.1-42, condensates can be sent to an 
underground disposal site or can be returned to the waste tank to avoid overconcentrati on. These 
tanks, shown in Figure II.1-43, are provided with airl ift circulators for the agitation of the 
tank contents to prevent localized temperature buildup in the supernate and the resultant bumping 
caused by sudden steam release . 

Each A and SX farm tank is closely encompassed by a complex of vertical dry wells. In additi on, 
all A farm tanks and :-1ine of those in the SX farm (Tanks 105 ,107,108 ,109 ,110,111,112, 114 
and 115-SX) have systems of three underlying laterals 10 feet beneath the concrete bases of the 
tanks (Figure II.1-43). These facilitit-1es provide for the early detection of leaking by roonitor
ing the soil surrounding the tank. Each AX farm tank has a drainage grid beneath t he tank liner 
which connects to an associated leak detection sump. Since 1968, all tanks constructed or planned 
are double-wall type and all are similar in design. Figures II .1-41 and II.1-44 show schematic 
drawings of the tanks. Tanks for boi ling liquid waste storage (AY and AZ) have air-lift circula
tors with associated air handling system in order to agitate the waste; tanks for nonboiling 
liquid and salt cake storage service (SY tanks under construction and the six tanks planned for 
each of FY 1976 and 1977) do not have air-lift circulators . Each tank requires 360 tons of steel 
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FIGURE II. 1.-41 WASTE CHARACTERISTICS USED FC ~ DESIGN OF BOILING WASTE TANKS 

and 1000 cubic• yards of reinforced concrete. The desi1 n 1 ife of these tanks for liquid waste or 
cake stora e is at least 50 ears. The steel uti ized alon salt g y g with heat treatment exh i bits 

t he lowest corrosion rate of the many steels considered for this use. The primary tank i s fabr i
cated from ASTM-A515 Grade 60 steel, with wall thickness varying from 1/2 i nch at the bottom to 
7/8 inch at the knuckle to 3/8 inch at the top. This tank is heat treated prior to use. The 
secondary steel wall (same type steel) consists of 3/8-in. thick plate. An annulus is prov ided 
between the two tanks to collect leakage from the primary tank; capability is provided to detect 
and pump out liquids from the annular region. Appurtenances are provided to pump l iquids and 
slurries, to permit sluicing of solidifi ed waste if necessary, to monitor tank liquid level and 
t emperature and to provide air agitation for boiling waste. Extensive piping interties are pro
vided to move liquids and slurries between tanks, tank farms, evaporators and operating produc
ti on plants. The major benefit of these double-wall tanks is to eliminate leakage of high-level 
li quid waste to the soil for the interim storage period until a terminal di sposal method is 
developed. 

A temperature element, liquid level instrumentation, and a radiation detector are located between 
t ank and liner to monitor for any leakages from the primary tank. Any l eakage which might be 
detected can be returned to the tank via an installed pump. Two additional tanks (AZ tank farm) 
similar to the AY farm tanks are being added in the 200 East area; one is complete and can be 
used and the other is complete except for piping connections into the system. Three additional 
t anks (SY tank farm) are under construction in the 200 West area . The design features of the 
double-wall tanks are shown in Figure II.1-44. 

Extensive piping interties exist within and between tank farms so liquid can be transferred to or 
f rom any tank in the system. Within tank farms, certain tanks require pump-out jumpers or short 
lengths of overground piping to be installed before pumpin9 can be initi ated. These installa
tions can be made in a short period of time (hours to days). 

A total of 18 single-wall waste storage tanks have experienced confirmed leaks at the time this 
statement was prepared (Appendix II.1-C, Part 8). In each case, upon confirmation of the leak, 
the tank contents were pumped to another tank as rapidly as possible. 
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In addition to these 18 confinned leakers, another 14 tanks have been removed from service 
because of indications that the tank integrity was suspect. Reasons for questi oning the operat
ing quality of tanks have included: 1) excessive pitting or corrosion of the carbon steel tank 
liner as determined by photographic inspection techniques; 2) unexplained anomal ies i n leak 
detection measurements which might indicate leakage but which could not be confirmed as such ; 
and 3) experience records with other tanks of the same age and service which would indicate that 
the effective useful life of such tanks had been reached. 

Current operating policy at Hanford requires that tanks of questionable quality be pumped out 
and removed from further service as fast as spare tank space is made available by the current 
waste solidification program. Eleven tanks which have been filled with salt cake are no l onger 
available for storage of liquid waste. 

II.1.1.2.2.3 Waste Solidification and Stabilization [X.4, X. llA, X. 18, X.24, X. 25] 

To ensure continued waste containment for long periods, nonboiling high-level liquid radio
active waste is being converted to salt cake. This is accomplished by evaporation and crystal
lization, and solids accumulation in existing storage tanks. 

Currently, the four In-tank Solidification (ITS) systems in operation are ITS-1 and -2 (no longer 
in use in 1975) in the 200 East Area and the 242-T and 242-S evaporators in the 200 West Area . 
Figures II.1-45, 11.1-46, II.1-47 and II.1-48 provide schematics on the operations of these 
evaporator systems. Organic liquid waste is also stored in tanks pending acquisition of 
equipment to process it. The waste is primarily degraded solvent which can no longer be used in 
solvent extraction processes. 

The primary function of the ITS systems is to concentrate the nonboiling waste to produce a par
tially mobile salt cake. Ideally, the feed stream would be concentrated as far as possible so 
that the inventory of concentrated bottoms is minimized and the maximum amount of solids is 
fonned and precipitated. Each of the ITS systems (Figure II. 1-49 shows the 242-S bottoms tank 
system) include a heat exchanger for water evaporation and a series of bottoms tanks (bottoms 
loop). After concentration in the evaporator, the bottoms stream is routed through the bottoms 
loop. Heat losses to the ground and the tank ventilation systems progressively lower the bottoms 
temperature so that eventually the stream is saturated and solids are formed and deposited in the 
bottoms tanks. Some crystal growth occurs in tanks upon cooling but most occurs in the crysta l 
lizer. The saturated bottoms supernate stream is blended with fresh feed and recycled back to 
the evaporator. 

When a tank is filled with salt cake, an estimated 50% of the salt cake volume is occupied by 
interstitial liquids. In addition supernatant liquid may be above the salt cake. The supernatant 

II.1-40 



ITS..Z CONCEN'fllATii 

Cl 
ITS -2 BOTTOMS TAN& 

FEED TANK 

AIA SPAAGEO 
AIRLIFT CIRCULATOR 

ION 

EXCHANGE 

TR EATMENT 

CONDENSATE TO 
2,1 . e -so CRIB 

Recvc te Swpe,natants 8"' , "" ,. .. 
CONCENTRATE TANK 

FIGURE II.l-45 IN-TANK SOLIDIFICATION-1 SCHEMATIC 

HEPA FILTER, , 

I 

BOTTOMS TANK 

"~'"Q .c 

BOTTOMS TANK 

RECYCLED SUPEIINATE - -~------------"""'c---- -----------------' 
VIA ITS-1 

CONDENSATE TO CAIi 

l ••••• CONDENSATE TO ION 

EXCHANGE AND TO CAI• 

4 ,000 KW ELECTRIC IMMERSION HEATER 
INSTALLED INSIDE AN AIRLIF!' CIRCULATOR 

FIGURE II. 1-46 IN-TANK SOLIDIFICATION-2 SCHEMATIC 

liquid and as much of the interstitial liquid as poss i ble will be pumped from the tanks via salt 
we ll s reaching to the bottom of the tanks . To remove all of the interstitial liquid may not be 
practical because of capillary holdup i n the salt cake and limits to removing a residua l heel 
from the bottom of the salt well . The interstitial liquid may rema in assoc iated with the 
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pumped-out salt cake. As the sal t cake then wanns up from the energy released because of radio
active decay, a tendency for concentration by evaporati on will occur reduc i ng fu rther the volume 
of residual liquid. The current development programs involve detennina ti on of the limits of 
remova l of interstitial liquid by pumping from the sa lt wells . This effort will test the 
predict ions . 

Upon failure of t he carbon steel liners of tanks conta i ning sal t cake, the res idual li quids will 
be subjected to po tentia l leakage to the soils underlyi ng these t anks . Est imation of the volume 
of such leakage is difficult since much of the liqui d will continue t o be held in the salt cake 
by capillary action. The small volume which may l eak would be held i n the soils under lying the 
tanks and held there by capillary act ion, much as has been observed i n the leakage which has pre
viously occurred. Vertical monitoring wells and horizontal laterals under tanks l'IOuld detect 
such leakage. 

An underground storage tank which is filled with salt cake from one of the ITS systems, and ·..ihich 
has the maximum amount of interstitial or residual l iquor removed, is considered stabilized for 
i nterim storage. Until the waste i s stabilized the integrity of the tank and process li nes are 
of primary importance and under continual surveillance. 

Liquid level measurements are taken i n acti ve tanks (having recent transfers to or from) twice 
per shift and i n i nactive t anks once per shift . Material balances are made every 2 hours during 
transfers. and a final material balance i s made at the comp leti on of the transfer and drain back 
from line holdup. In-tank temperatures in some tanks are monitored every shift . 

A network of dry wells i s in place or planned for every tank except those i n the AY and AZ farms, 
which have internal leak detection systems as a part of the i r construction. Similar systems are 
associated with the AX farm tanks, but sing l e-wall construction has predicated the additional 
protecti on provided by dry wells . The AX leak detect ion systems cons i st of a pattern of dra i n 
channels i n the underlying concrete base slabs which route leakage to 60-ft deep wells situated 
adjacent to each tank . Each well i s equipped with weight factor/specif i c grav ity and radiat ion 
monitoring instrumentation and pumpout fac ili ties. The AY and AZ farm tanks, be i ng of doub le
wall construction , have the unique feature of leak detecti on and pu~pout facilities with i n the 
annular space between the two steel walls. In addition, all A farm tanks and nine SX farm tanks 
(105, 107, 108, 109, 110, 111, 112, 114 and 115) have systems of three underlying la terals about 
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10 feet beneath the concrete bases. These dry wells and laterals are monitored for radiation 
increases on a frequency detennined by the status of the >ank, e.g., whether the tank is active, 
inactive, or in restricted use. 

Subsequent to the stabilization of solid salt cake in a tank for interim storage, the plan is to 
core-drill, analyze, and characterize the salt cake. Then the tank will be isolated by cutting 
and blanking all process piping to and from the tank, blanking all risers and equipping the tank 
with a filtered ventilation system. Subsequent surveillance of a stabilized, isolated tank will 
consist of periodically obtaining in-tank photographs, sampling and analyzing the vapor space, 
monitoring the in-tank temperatures, and monitoring the dry wells and laterals. 

II . l. 1.2.2 . 4 Liguid Waste Streams and Transfer Lines 

The 200 Area activities of fuels processing, waste partitioning and plutonium processing require 
the transfer of large quantities of high-level radioactive waste within and between the areas. 
The extensive systems and lines which show the sources and destinations of the radionuclides and 
available transfer lines are described in Appendix II.1-C, Parts 3 and 4. 

Stainless steel underground waste transfer lines in concrete encasements are in place between 
the 200 East and 200 West Areas for transfer of radioactive liquid waste between these areas 
(Appendix II . 1-C). These lines are used to transfer neutralized high-level wastes between 
200 East and 200 West Areas for processing, underground storage, evaporation and solidification . 

II. 1.1.2.2.5 Cribs and Ponds [X.4] 

Certain liquid effluents are released to the ground via underground structures called cribs . 
These effluent streams are primarily process and steam condensates which have a potential for 
releasing radioactivity upon process upset or equipment failure. The .amount of radioactivity 
nonnally in these streams is very small; the concentration is generally less than 0. 05 ~Ci/ml 
(except tritium). While some of these streams have been classified as intermediate-level liquid 
waste (5 x 10- 5 to 10 uCi/ml), other streams have radioactivity concentrations well below ERDAM-
0524 Table II guides for uncontrolled areas and have diversion capability if process upsets occur. 
All of these streams are within controlled areas. 

A crib is constructed by digging a ditch about 20 feet deep and up to 1400 feet long, backfill i ng 
with rock and covering with an impermeable membrane and soil . A pipe running the length of the 
crib is designed to distribute the liquid unifonnly along the crib length (Figure II. 1-50). The 
released 1-iquid percolates through the soil . The soil column between the bottom of the crib and 
the groundwater is 150 to 300 feet thick and contains up to 50% silts and sand, having some clay 
content. Since percolation rates through these materials are slow, the liquid spreads laterally 
and involves much more soil than that directly beneath the crib. Formerly, when aqueous waste 
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containing organic or complexing agents were discharged to the ground, the volume was limited to 
what was believed the soil could retain above the groundwater by capillarity. 

A typical crib disposal site is shown in Figure II. 1-51. While the coarse gravels have little 
capacity to sorb or filter radioactive materials, the clays have good ion exchange properties 
and make good filter beds . The soil columns in the 200 Areas exhibit cation exchange capabili
ties of 2.5 to 10 milli-equivalents/100 g of soil. The ion exchange capacity of the clays 
varies widely with the type of ion being sorbed (Fi gure II. 1-52). For example, tritium and 
nitrate ions are only slightly sorbed, if at all. Ruthenium is held relatively well, but a 
fraction of the ruthenium is of such ionic form that little sorption takes place. The tritium, 
nitrate, and ruthenium then flow to the groundwater at essentially the same rate as the down
ward percolating water from the crib . These materials may at times enter the groundwater 
directly below a crib at concentrations above the appropriate limits for drinking water but are 
rapidly diluted below such limits. Cesium and strontium are tightly ryeld by the soil, mos t 
being held within a few tens of feet below a typical crib. Plutonium is held very tightly by 
the soils, with essentially all of it held within 10 feet of the point of release. 

An extensive network of wells is provided for sampling groundwaters. Groundwaters associated 
with waste disposal sites are routinely sampled and analyzed. About half of the wells are sam
pled quarterly and about half are sampled semiannually. Some sampling is done by lowering a 
container on a cable down the well to the water table; some is by pumping from the well with 
samples collected from the pumped water . Since sampling by the pumping method is preferred, 
wells are being modified and equipment is being installed to provide mos t sampling by this tech
nique . Samples are anal yzed under an audited quality control program. When long-lived radio
nuclides, such as 90 sr, 60co, or 137Cs, are detected i n the groundwaters at concentrations 
approaching 1/10 of the concentration guide 4 for drinking water, the crib site is deactivated, 
and the process effluents are routed to a new crib. Only a few cribs were used to the point of 
reaching this limit. In those cases, the radionuclides are still observed to be bound to the 
soils near the point of entry to the groundwa ter system. 

A total of 177 cribs have been prov ided for disposal of liquid waste since startup of the 200 
Areas facilities . Of these, 144 have been deactivated, 8 have not been used, 10 are in stanaby, 
and 15 are currently being used for disp9sal of liquid waste from normal process ing operations. 
The shutdown of most Hanford reactors and the resultant decrease in reactor fuels process i ng, 
coupled with additional waste treatment of several intermediate-level liquid waste streams, 
resulted in a major reduction in the quantity of radionuc lides discharged to the ground via 
cri bs during the past several years . 
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Approximately 80% of the process condensate overheads from concentration of Purex first cycle 
high-level waste is routinely recycled to the process. Total recycle of this stream is planned . 
Ammonia scrubber waste, previously routed to a crib, will be collected and routed to a waste 
evaporator for decontamination. Funds were requested to provide recycle of another Purex pro
cess condensate stream (from concentration of back-cycle waste) and to provide improved monitor
ing, diversion, and collection of Purex steam condensate for cleanup in the event this stream 
should become contaminated due to failure of process vessel heating coils. Process condensate 
overheads from the B Plant high-level waste concentrator will be batch collected, sampled, and 
analyzed prior to discharge, when the currently funded project is completed in CY-1975. If 
above discharge limits, this waste stream will be recycled. Improved monitoring, diversion, 
and collection of B Plant steam condensate for cleanup will also be provided by this project . 

Process condensate overheads from the self-boiling 241-A, AX, and AY waste storage . tanks are 
treated via an ion exchange column to remove 1 37Cs and 90sr . Process condensate overheads from 
the ITS units land 2 are also treated via an ion-exchange to remove 1 37Cs prior to discharge. 

Process condensates from the 242-T Waste Evaporator are batch collected and monitored; they can 
be recycled, if necessary. Liquid waste from the operation of Z Plant, containing essentially 
all of the plutonium-bearing liquid waste from that operation, is routed to underground waste 
storage tanks via the 242-T Waste Evaporator. Currently no appreciable quantity of plutonium 
is discharged directly to the ground. The plutonium discharged to ground in the 200 Areas 'Nith 
the Purex Plant processing about 900 tons of uranium per year is currently estimated to be 
13 g/yr. The actual plutonium discharged to ground during the first 6 months of CY-1974 was 
less than 5 grams (based on limits of analytical detection). Process condensates from the new 
242-S Waste Ev~porator-Crystallizer are treated via ion-exchange to remove 137Cs prior to dis
charge. All waste from this facility meets surface discharge limits. When currently funded 
plant modifications are in place, the total quantity of radioactive materials discharged to the 
ground via cribs should be reduced to less than 100 curies and 13 grams of calculated plutonium 
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annual ly.* Conceptual design of facilities are proceeding to reduce total annual discharges to 
less than 60 curies (except tritium) and alternatively to meet drinking water standards ~or al1 
discharges. 

The chemical processing operations use very large quantites of water, most of which never come 
in contact with radioactive materials. This low-level aqueous waste, which is pr imar i ly coo lir.g 
waters with some steam condensates, is discharged to ponds for evaporation and / or perco lat io n 
through the ground to the groundwater. The upper limit of contamination of such discharges is 
set at 5 x 10- 5 µCi/ml of mixed fission products or alpha emitters.*"' Radiation moni t or i ng 
instruments, with alarms, are installed on most effluent streams flowing to pond discharge 
points to alert operating personnel to any abnonnal radioactive release. Currently, radiat i on 
monitors on two streams (AR Vault steam condensate and cooling water and B Plant cooling ·.-1ater ) 
will, in the event of abnormal levels, activate diversion valves routing the wastewater to 
unlined ditches instead of the larger pond areas. Funds are now available to .line th!'se di t ches 
for containment and rerouting of the contaminated wastewater for future decontaminat i on shoul d 
diversion occur . Funds were requested in FY-1975 budget to provide simjlar capabi li ty for the 
Purex Plant wastewater. 

Approximately, 130 billion gallons of cooling water and steam condensates have been discharged to 
30 surface ponds and ditches in the 200 Areas since the start of chemical process i ng operat i on s. 
Approximately, 360 acres of land have been used for these waste disposal operat i ons, with abou t 
180 acres of this total still in use . 

Radionuclides discharged to these si t es, primarily from accidental releases due t o equipment 
failures, are filtered or sorbed and held in the soil beneath the pond or ditch area except for 
10 6 Ru and tritium. Where ponds or ditches were removed from service, contami nated sedimen t s 
were either removed or buried in place. Liquid levels in currently used ponds min imize exoosure 
of any contaminated sediments to plant and animal life . (Figure II.1-53 shows a typi cal pond .) 
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FIGURE II.1-53 SCHEMATIC VIEW OF TYPICAL PONO RECE IVING LOW-LEVEL AQUEOUS WASTE 

* The quantity of plutonium released is based upon the detection limit for plutonium. There
fore, the quantity reported is a hypothetical number detennined by multiplying the plutonium 
concentration detection l imit by the volume of liquid effluent discharged to the cr i bs i n 
1 year. 

*"' In this context, "mixed fission products" signifies fission products having concentration 
ratios approximating those present in Hanford reactor fuels from 6 to 12 months subsequent 
to reactor discharge. 
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II. 1.T.2.2.6 Burted Storage [X.24] 

More than 5 million ft 3 of contaminated solid waste of widely diverse nature and contaminated to 
varying degrees wtth radioactive materials have been buried on the 200 Area plateau since 1944. 
Thi-s waste was buried in 19 sites using approximately 155 acres of land. Prior to 1968 , essen
tially all of the waste buried at these sites was generated by the 200 Areas operat i ng fac ili 
ties .. Si nce 1968, waste generated by 300 Area operations was also buried in t he 200 Areas sites . 
Beginning i n December 1973, waste from reactor operations in the 100 Areas was sent to t he 200 
Areas for burial. Small volumes of solid waste, generated by offsite AEC operations, were and 
will continue to be buried there. 

Solid radioactive waste buried in the ground is considered to be in long-term storage. An 
exception is that waste buried after April 30, 1970, which contains or is suspected of con
taining transuranium nuclides; th i s is considered to be in inter im storage (20 years ) . Large 
items of solid waste, such as failed equipment from locations where the presence of t r ansuranium 
nucl ides can be safely ruled out, are packaged i n concrete boxes and buried in i ndustrial was t e 
burial trenches. Small i tems of failed equipment and trash-type contaminated waste, from loca
t i ons where the presence of transuranium nuc l ides can be safely ruled out, are packaged i n 
cardboard cartons, wood boxes, or steel or fiber drums anct buried in the so-called "dry waste" 
trenches. (A schematic drawing of the solid waste burial trenches is shown i n Figure II . 1-54. ) 

The various waste containers used provide containment of nontransuranic radioactive contamination 
and minimize radiation exposure to personnel during temporary storage, handling , shipmen t , and 
burial operations. Once buried, no reliabil i ty is placed on the containers for conf i nement or 
retr ievability of these materials . Although burial of the waste conta i ners by backfilli ng the 
trench is normally done at the close of the day's receipt of solid waste, waste trenches are 
inunediately backfilled whenever the dose rate at the edge of the t rench reaches 100 mR/ hr . 
Solid waste is normally covered with 10 to 20 feet of earth to prevent uptake of radionucl ides 
by plant life or disturbance by burrowing animals . An exception, waste contained i n concre t e 
boxes or small drums , may have a minimum dirt cover of 4 feet provided t hat radiat i on l evel s at 
grade are less than 1 mR/hr . Periodic routine surveillance of filled buri al trenches is provided 
to assure that the burial grounds are maintained to meet existing standards . 

Solid waste, containing or suspected of containing transuranium nuclides bur i ed aft er Apr i l 30, 
1970, is packaged and buried in compliance with ERDAM-0511 . This directive states that "such 
wastes s.hall be segre:gated from other solid wastes and shall be packaged and buried so that 
they can be readily retrievable, as contamination-free packages, wi thin an interim period of 
20 years." 

Formerly, the waste was packaged in iron drums and iron or concrete boxes and bur i ed in spec i al 
trenches. Subsequent evaluation of iron drums directly buried in Hanford soils indicated that 
failures could occur in less than 20 years and retrieval, as contamination-free packages , might 
not be possible . Two alternates to direct burial were implemented on a test basis, either of 
which will protect the containers from direct contact with the soil and will permit ease of 
r-etri eva 1 . 
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A prototype concrete V-trench was built and filled with transuranic-bearing was te drums, as 
shown in Figure II. 1-55. A metal cover and several feet of earth cover isolate the drums from 
the environment. This alternate provides protection of the drums from the soil and allows sam
pling of tile storage trench atmosphere for radioactive materials and combustib le gases, either 
of which would indicate drum failure. 

Currently, a simpler alternate, pad storage, is being tested. The transuranic-bearing solid 
waste is segregated as combustible and noncombustible at the point of origin and placed in 
labeled drums. The segregated waste drums are placed on the storage pad in a stack four dr ums 
high; each layer of drums is separated by plywood treated with fire retardant. When drums are 
stacked to a volume of 24 feet by 24 feet by 12 feet, the stack will be covered with plywood and 
plastic-reinforced nylon sheeting prior to covering with 4 feet of earth. Capability for sam
pling the storage atmosphere is also provided . (A schematic of this storage alternate is shown 
in Figure II.l-56.) 

F ! L TE RED SUPPLY 

CONCRETE LINER 

ADVA ilTAGES SiJ MP 

PROT ECTS DRU MS FROM SOIL 
STO RAGE CON DITIONS CAN BE MO NI TOR ED 

:" XHA l' S7 • !L TE~ .\ :lO ,Ari 

8AC KFiLL ( d e- ' 
!"' ' ,' 

FIGURE II. l- 55 CONCRETE LINED V-TRENCH USED FOR RETRIEVABLE TRANSURANIC \./ASTE STO RAGE: 
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FIGURE II . 1-56 THE TRANSURANIC SLAB (Alternate Method for Retr i evable 
Transuranic Waste Storage) 
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Small items of transuranic-bearing solid waste, containing fission products capable of generat
ing high dose rate gamma emissions, are packaged and shipped in shielded casks. This waste i s 
discharged frpm the casks to caissons, as shown in Figure II . 1-57, and the caissons can be 
retrieved. 

Some of the Purex processing equipment is so large and becomes so contaminated in serv i ce, that 
its transport to a burial ground would require abnormally high exposure of operating personnel. 
Such equipment is placed on flatcars and pushed into the solid waste storage tunnels appended t o 
the Purex Plant . A schematic of a Purex solid wasti storage tunnel is shewn in Figure II .1 -58 . 
An inventory of stored waste i s given in Appendix II. 1-C, Part 6. 

Currently, two methods for reducing the volume of solid waste are being practiced. Some waste 
from the laboratories and from the 234-5-Z Building plutonium finishing operation is compacted 
prior to storage to provide a volume reduction of approximately four to one. 

II. 1. 1.2.2 . 7 Ventilation Equipment 

Gaseous effluents from the 200 Areas facilities are limited to airstreams conta1n1ng relative ly 
low concentrations of radionuclides, either in gaseous or entrained particulate fonn. Multip l e 
filtration is relied upon to remove particulate matter, while a "silver reactor" and/ or wet 
scrubbers are used t o remove radionuclides such as radioiodine and oxides of nitrogen. Figure 
I I . 1-59 shows a typical ventilation flow pattern for a chemical processing plant. Air is drawn 
through a washer and filter and supplied to a processing area. The air flows, sequentia l ly , 
from less contaminated to more contaminated zones . After passing through the most contaminated 
zone, the air flows through an exhaust duct to HEPA filters and then through a stack t o the 
atmosphere . (A wide variety of HEPA filters is used, as indicated in Table I I . 1-5 .) 

Filtration of exhaust gases is not provided near the location where radioactivity enters the ai r 
at each hood, cell, or glove box if central exhaust filtration i s provided, as in the 202-A and 
234-5 Laboratories. Filtration is not provided where moisture or corrosive fumes must be 
removed from the exhaust to protect the integrity and efficiency· of the filters, but the 
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FIGURE II.1 - 59 SCHEMATIC OF VENTILATION OF TYPICAL SEPARATIONS PLANT 

TABLE I I. 1-5 

VENTILAT ION FILTERS 

Type 
Three-Stage Glass HEPA 5 

Two-Stage Glass HEPA 5 

Two-Stage Glass Fiber6 , 7 

Sand 6 

(a) For 0. 3 ~m particles . 

Plant 
Z Plant 
B Plant, AR Vault 
Purex 
T Plant, U Plant, 
B Plant Backup 
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filtration is provided as near as practical to the source. The design limitations which affect 
the location of such filtration include the space available, ease of changing filters and pro
tection of fi 1 ters fran fire through di stance . The important fact i s that a 11 exhaust gases 
from hoods, glove boxes, and cells are filtered before release to the environment. 

In the large canyon-type processing building, the cell exhaust gases are col l ected in structur
ally integrated tunnels because of the large quantities of air necessary for directional-flow 
contamination control. It is more practical to comb i ne al 1 of these gases and provide a sepa
rate shielded structural f ilter facil i ty. Where espec i ally toxic or radioactive off-gases from 
processes are encountered, special off-gas systems with gas treatment and filtering equipment 
wi th i n the cells are provided. These are usually mixed with the main exhaust system before the 
final filters. 

Process chemicals and radioactive contaminants are entrained by air t hat comes in cl ose contac t 
with process materia l s. These gases are segregated into separate vent systems accordi ng to pro
cess requirements and compatibility of the process gases. The gases are processed for removal 
of noxious mater i als in a variety of ways : 

• by Iodine Absorber (Purex) 

• by AlllllOnia Scrubber (Purex, 8 Plant) 

• by NOx Absorber (Purex, U0 3 Plant) 

• by HF Scrubber (Z Plant) 

Once the noxious materials are reduced t o within acceptable levels, the process vent gases are 
exhausted to the ventilation system for additional filtration and return to the atmosphere . 

II. 1. 1.2.3 300 Area 

II . 1. 1.2.3. l Radioactive Waste Management [X.4] 

The 300 Area liquid waste handling systems provide for retention of some liquids conta ining 
above trace amounts of radioactivity for transport to and subsequent treatment in the 200 Area 
or the 100-H Area . Other liquids containing only trace amounts of radioactivity are discparged 
to ponds. The 183-H solar evaporation basin was first used in 1973 on an intermittent basis and 
will be fully operational in 1975 . It will acconmodate that portion of the fuel processing 
effluent (except for water rinses and scrubbers) containing uranium, copper, fluorides, ni trates , 
chromium+6, and sulfates. The plutonium and fission product waste is generated i n la boratories 
and test facilities conducting research and development work on separation processes, waste 
solidification and reactor fuels. 

Solid and liquid radioactive wastes are now sent to the 200 Areas for disposal, except for 1) 
some low-level uran i um-contaminated liquid waste sent to the 183-H basin or to 300 Area ponds 
and 2) slightly contaminated animal waste sent to 300 Area ponds. Radioactive airborne effluent 
wastes in the 300 Area are filtered and monitored prior to release through stacks, except for a 
uranium fume exhaust from 333 Building that passes through a water scrubber unit before being 
sampled and discharged to the atmosphere . 

Radioactive Waste Liguids 8 

All radioactive liquid waste generated in the 300 Area is retained and shipped to 200 Areas for 
disposal, with two minor exceptions noted above (Appendix II. 1-E, Part 3). Some effluents con
taminated with uranium are released to the process water ponds. Discharges to ponds during 1972 
were about 2.8 x 106 gpd, consisting of about 11,000 gpd from the life sciences facility and the 
remainder from the fuel fabrication area and the systems shown on Figures II. 1-60 through 
II. l-62 . 

Temporary storage of radioactive liquids prior to shipment to the 200 Areas is provided by the 
340, 340-A, and 340-8 Waste Retention and Neutralization Facility (Figure II. 1-63). The three 
buildings, constituting a total area of 3800 ft 2 , provide facilit~es also fc, ~hemical neutra li
zation and transfer of the radioactive waste into tankers. The main building houses a large 
rectangular concrete pit 21 feet deep containing two stainless steel, 15,000-gal neutralizat i on 
tanks, valves, and transfer pumps. The pit area, which is covered by removable concrete blocks, 
adjoins the operation gallery and sampling room. The annex building, 340-A, contains six 
8,000-gal stainless steel waste storage tanks. Three 5,000-gal tanker trucks can be acconmo
dated in the load-out addition. Two 20,000-gal tank cars can be acco111110dated in 340-8, a rail
road tank car 1oad-out facility. 
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FIGURE II.1-60 CONTAMINATED LIQUID WASTE COLLECTION SYSTEM 

FIGURE II. 1-61 RETENTION WASTE SYST~~ (307 Basins) 

A separate underground waste sewer from a limited number of sinks and drains in Buildings 308 , 
309 , 324, 325, 326, 327 and 329 serves this system. The line is a cathodica11y protected under
ground network of stainless steel piping leading directly to the 340 ~aste Management Facil i ty 
{Figure II. 1-60). 
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FIGURE II. 1-63 340 AND 340-A BUILDING INTERMEDIATE-LEVEL WASTE STORAGE TANK 

Normally Uncontaminated (Retention) Liquid Waste 

A second liquid waste retention system, the 307 Retention Basins, provides a collection point 
for normally uncontaminated liquid waste from laboratories which may, inadvertently, contain 
low-level radioactive waste material. The four basins are of reinforced concrete construction 
with the tops just above grade. Capacity of each is about 50,000 gallons. Basins 1 and 2 are 
provided with a neoprene lining to simplify decontamination if required. Basins 3 and 4 have 
bare concrete surfaces and are used only in case of emergency. A continuous in-line S/y liquid 
effluent monitor samp les the waste stream just ahead of the influent into the 307 Basins. This 
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monitor signals an alarm in the nearby 325 Building equipment room and automatically shuts off 
the basin's discharge pump to a pond when a radionuclide concentration is detected. 

Basins 1 and 2 are provided with a series of baffles which form a serpentine flow path. The 
time for free flow through the basin by the serpentine route is sufficiently long to allow an 
adequate counting interval for the sample in the monitor. The discharge pump can be shut down 
automat ically by this equipment prior to any release of radioactivity to the ground . Normally 
the contents of the basins are discharged to the ponds. (Figu re II. 1-62 is a schematic of th e 
system.) A continuous sampler removes a representative sample from the influent li nes to the 
basins. Samples are taken to the laboratory weekly for alpha and beta/gamma analysis for bac kup 
to the monitor. 

Buildings 325-A and 324 on this system are provided with waste water diverter systems (similar 
to the waste water system described above). In the·se buildings, cooling water from equipmen t 
containing large quantities of radioactive materials i s monitored by the waste water diverter 
system monitor prior to release to the retention waste system. If a rupture in a cooling coil 
should allow contamination of the cooling water, the waste water diverter wi ll signal 3n alarm 
and divert the contaminated water to a 20,000-gal underground catch t ank for verific3tion and 
appropriate disposal without taxing the 307 basin waste management complex. Underground piping 
connects the normally uncontaminated process waste from Buildings 308, 309, 324, 325., 326, 327, 
and 329 in a second separate sewer system discharging into the first of the four 307 Facility 
retention basins (Figure II.1-61). 

High-Level Radioactive Liquid Waste 

High-level radioact i ve liquid process waste is retained, using shielded stai nless steel casks, 
for transfer to the 200 Areas. Cask capacities range from half liter to 500 gallons. ~ormally 
these are transported directly from the laboratory generating the waste via the highway to the 
200 Areas for disposal. Special vehicles are required, as the large casks weigh up to 17 tons. 

Radioactive Solid Waste 

Acti ve facilities for long-term management of solid radioactive waste do not exist in the 300 
Area as no solid radioactive was t e i s now bur ied or inc inerated in this area . All rad ioac tive 
solid waste is transferred via truck and hi ghway from the laboratories or facil ity where radia 
tion work is performed to the 200 Areas for disposal. Each transfer of sol id •11aste t-o the 
200 Areas is performed according to written procedures and is permanently recorded . 

All radioactive solid waste is divided into transuranic and nontransuranic solid waste as i t 
accumulates . Since transuranic waste conta i ns some radioactivity from elements ~hose atomic 
number is greater than 92, this was t e is handled separately and i n spec i al disposa l conta iners. 
Since the nontransuranic waste does not contain radi oact ivity from t ransurani c elements, pac kag 
ing varies from low-l eve l rad ioactive waste sealed i n plastic-li ned cardboard conta i ners to 
high- level radioact ive waste requiring large concrete casks for containers. 

Retired Solid Waste Storage Facili ties 

Approximatel y 7.5 x 10s ft3 of sol id waste containing approximately 10 Ci of uranium contamina
tion have been placed into the 300 Area burial sites since fuel fabrication began at Hanford. 
Thorium contaminated waste is less than 0. 5 Ci and is segregated from uranium (i.e ., a different 
trench). Most of the 300 Area contaminated waste is i n a matrix of bonding materia ls on fab r i
cation components, scrap material and equipment as surface contamination. 

Of the approximately 7.5 x 10 5 ft 3 of solid waste, approximately 90,000 ft 3 are surfac~ co ntami
nated metallic, concrete, and asphalt materials. The rema i ning approximately 6.6 x 10: ft 3 

occupy approximately 1 x 105 ft 3 of underground space . The volume reduction occurs as a resu lt 
of the weight of the solid waste and the soi l overburden . 

The buria l sites are li sted in Appendix II. 1-E, Part 2, along with the size , date of deactiva
tion, genera l description of the contents and the depth to the water table. Figure II. 1-64 
shows thei r locati on . 

Radioactive Gaseous Waste 

Each laboratory or facility in which radioactive materi als are handled or processed is equipped 
with its individual exhaust treatment system. Wherever practical, airborne radioact ive mate
ri a 1 s are removed from exhaust gases near the hood, glove box,. or ce 11 in which they are 
generated. For glove boxes and manipulator hot cells, all recent new designs have prov ided for 
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filters directly at the air exhaust outlet from the compartment. Some were i nsta lled yea rs ago 
on the duct work between the glove box and t he first filter where the contami nat i on has not been 
enough of~ problem to warrant a modif i cation. 

The exhaust treatment sys t ems in every facil i ty, except 333 Building, util ize HEPA filters wh ich 
are tested to meet at least a 99 . 97% efficiency for particles 0.3 µm and greater in dia me te~. 
The filters are tested following i nsta l lation and on a scheduled frequency therea ft er . Fi l t ers 
are scheduled for an annual rout i ne dyoctyl phthala te (DOP ) test but are checked pr omptl y if any 
indicati on of fi lter malfunction occurs . Over many years, two fi lter fai lures have been experi
enced and resulted in loca l contaminat ion with no act i vity re l eased offsite . Oc~as ional l v, 
filters are replaced because of plugging, which reduces air f l ow be low accep tab l e l evel s . Where 
required, a charcoal absorber is used as a collector for radioact i ve iod i ne . All gaseous streams 
are sampled daily and are also constantly monitored if the air stream has a potenti al for 
becoming highly contaminated. Plutonium contaminated exhausts are doub le or t r iple fil t ered 
with sampling provided between the fil ters and sampling or moni t oring after t he fi na l fil t er . 
An alanning device is part of the monftoring system and would give i1T111ed i at e notification of 
release due to l oss of filter i ntegrity. Failure of any maj or fil ter sys tem in active status 
would be detected within a short t ime ( less than an hour ). Al l expended filt ers from t he 
facil i ties or laboratories in which radioactive materials are handled or processed are t reated 
as radioactive solid waste . 

The wet uranium fume exhaust from the abras ive cut-off saw i n t he 333 Bui ld ing pas ses th rough a 
water scrubber uni t before be i ng sampled and di scharged t o the atmosphere. The wat er f rom the 
scrubber unit i s sent to t he 300 Area process ponds. 

II . 1 .1. 2.4 Waste Managemen t Faci liti es and Act ivities Pl anned and Under Cons truction 
FY- 1973 Through FY-1 975 

The current program has as its conti nuing obj ecti ve the reduct i on of rad i oact i vi ty i n all efflu
ent systems to the lowest techn ica l , economica l and prac ti cal l evel s and i nc l udes t he fol low i ng 
action : 

I I. 1. 1. 2. 4. 1 100 Areas 

N Reactor Control Rod Coolant Dump System $75,000 

Va l ves and pi ping wi ll be provi ded i n t he N React or cont r ol rod coo lan t system t o assure di s
charge of thi s stream to the 1301-N Crib, thus further r educ i ng the potenti al fo r dischargi ng 
small amounts of radioact ivity to the river . 

N Reactor Grav ity Dra i n and Di soosal Bas i n $445,000 

An emergency di sposal basi n will be i ns t al led eas t of the exi st i ng 1301- N Crib t o provi de an 
adequat e emergency cooli ng water dis posal capaci ty i n case of 1) an emergency dump of t he ~I 
Reac t or pr imary l oop t o t he dump tank followed by once- t hrough cool ing, and/ or 2) a cooling 
system break ins i de the 105- N or 109- N Bui ldi ngs and a concurrent drai n pump fail ure . Emergency 
dr ainage suf f ici ent to prevent direct overflow of contami nated water t o the Columb i a River and 
to prevent poss i bl e water damage to the 105-N and 109-N Bu il di ngs wi ll be prov ided. The basi n 
will provi de a soi l co l umn 25 t o 30 feet deep between the bottom of t he bas i n and the average 
groundwater level for absorpt i on of radi oact ivity. 

N Reactor Ventilation Loop Seal Improvement S325 ,000 

A redundant confi nement valving system will be i nstal l ed i n the N React or buildi ng vent i lat i on 
system to provide pos i t i ve reliable secondary closures i n the vent openings and t hu s ass ure con
tainment of vapors and gases which would on ly be generated under unl ikel y conditi ons. 

II. 1. 1. 2. 4. 2 200 Areas 

In-Tank Solidifi cati on Sys t ems, Aux ili ar i es S2, 500 ,000 

Addi t i onal li quid waste routing facili ties wi l l be provided to permi t t ransf er of slurri es f r om 
the 242-S Evaporat or to exi sti ng tanks in the 241 -U Farm. 
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Waste Management Effluent Control (8 Plant) Sl ,000,000 

Four waste effluent streams, 1) 244-AR cool i ng water, 2) B Plant cooling water, 3) B Plant steam 
condensate and 4) B Plant process condensate will be provided with lined trenches, monitoring, 
and automatic diversion facilities such that in event of accidental contamination of these 
streams, they will be contained and recycled rather than released. 

Contaminated Soil Removal Facility Sl ,000,000 

Plutonium-containing soil will be removed from the underground disposal crib 216 Z-9 for packag
ing and restorage in facilities affording retrievability provisions. 

Purex Anmonia Scrubber Waste Concentration Facilities S405,000 

The amount of radioactivity in the Purex Almlonia Scrubber waste which i s discharged to a covered 
trench will be reduced significantly by providing for routing of all of this stream to an exist
ing concentrator system. The decontaminated condensate will be routed to a crib and the concen
trated radioactivity will be routed to underground tanks. 

Additional Waste Concentration and Salt Cake Storaoe Facilities S30,000,000 

To be provided are: a waste evaporator system, additional underground storage tanks for cumula
tive capacity of at least 3 million gallons of highly radioactive waste, routings for new tanks 
and existing underground storage tanks, underground lines, encasements, pumps and auxiliaries, 
which are needed for the waste concentration program and for minimizing the potential for lea k
age of radioactive liquids to the ground. 9 

Provision of the proposed facilities will allow accelerat i on of the waste solidification program . 
The liquid waste in 30 of the older waste tanks, some of which are associated with the existing 
waste concentration systems, can be emptied at least 1 year sooner for solidification by 
evaporation-crystallization . Also, most of the liquid waste can be stored in single-wall 200 
East Area waste tanks of later improved design or the new double-wall waste tanks provided by 
this project instead of the older tanks which otherwise would be utilized. This will reduce the 
potential for future leaks. 

Purex Condensate Recycle S450 ,000 

This project will provide for recycling condensates from the l) backcycle cbncentrator as 
extractant for the first uranium cycle and as the scrub solution for .the first decontamination 
cycle, and 2) first uranium cycle concentrator as the final uranium cycle extractant. 

With the proposed facilities all process condensates except the final uranium concentrator con
densate, which is well within release limits established by the ERDA, would be recycled within 
the Purex Plant. This will provide for a significant reduction in the amount of radioactive 
material discharged to ground. 

Groundwater Monitoring Wells $100,000 

Additional wells will be drilled at selected strategic locations to enhance the existing routine 
groundwater monitoring capability. 

Encase Waste Lines 232-Z to 241-Z $115,000 

A short run of existing p1p1ng which transports incinerator scrubber waste from the plutonium 
incinerator building to a sump will be replaced with an encased pipeline thus affording double 
containment provisions. 

Waste Management Effluent Control $3,500,000 

Facilities will be provided to maintain and to extend protection against the accidental release 
of radioactivity i~ certain effluent streams from the Waste Fractionization Facility (B Plant) 
and the Chemical Processing Facility (Purex PlantJ. The facilities include: l) a replacement 
ventilation filter for B Plant, including an underground concrete filter cell equipped with 
replaceable prefilters and two stages of HEPA filter banks and a corrugated metal instrument 
building above the cell; 2) improvements, including prefilters and HEPA filters for treating 
ventilation air from the sample gallery, the organic treatment cell, and the acid fractionization 
cell of the Purex Plant; 3) diversion facilities to detect contamination which may accidentally 
enter normally nonradioactive cooling water streams and steam condensate from the Purex Plant 
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and to divert such an affected stream to either a l ined and covered reservoir or t o existi ng 
waste tanks for decontami~ation; 4) replacement Purex Plant vent il at i on a i r f il ter desig ned fo r 
a flo~ rate of 125,000 ft ~/min and consisting of a prefilter and secondary hi gh eff i ciency fil
ters 1n a concrete cell with a corrugated metal instrument bui lding above t he cel l. 

B Plant Vent System Ventilation Improvements S475,000 

This project will provide new venti lati on exhaus t fans and s i ngle-stage, HEPA f il te r s for the 
ventilation exhaust from t he B Plant operating, pi pe and electrical gal l er ies and would provide 
sampling facilities for t he fi l tered vessel vent exhaust . 

These additions will reduce the potential risk of releasing radioactive mater i al s f rom the oper
ating areas to the environment . The vessel vent exhaust sampling system will prov ide for detect
ing filter failure. The gallery ventilation filters will protect t he env i ronmen t f rom potential 
release of contamination from the operating areas. 

242-T Evaporator Effluent Improvements S200,000 

In order to reduce the ris k of releasing radioac t ive mater i als t o t he env ironment , t he 242-7 
Building process cell s (feed, evaporator , and condensate ) will be prov ided wi t h filt ered supply 
and exhaust ventilation systems consisti ng of 1) suppl y air : preheater , two stages of rough i ng 
f i l ters, and ductwork , and associ ated serv i ce pi pi ng , i nstrumen t at ion and controls ; and 
2) exhaust ai r : preheater , prefi lter, parallel two-stage , HEPA f ilters , parall el exhaust fa ns, 
stack, ductwork and associa t ed serv i ce piping , i ns t r umentat i on and controls . 

222-S Laboratory Exhaus t Ven t i lat ion Improvement s S485, 000 

A new bank of HEPA f i lters will be ins t al led i n a new encl osure to furth er prot ec t the environ
men t by providing additional filtration of t he exhaust air ven til ati on fr om contami na ted and 
potent i al ly contaminated zones of the 222-S Laboratory Bu il di ng . New duc twor k, fa ns , stack and 
accessories will also be provided. 

II. 1. 1.2. 4. 3 300 Area 

325 Bui l ding Ven til ati on Exhaus t Addi tion S485,000 

The 325 Building Laboratory wi ll be provided wi th new loca l exhaust filt er pl enums contai ning 
HEPA f i lters, fire detecti on sensors and fi re suppression equipment, thus adding a second stage 
of f il trat i on to t he ex i sting single stage sys t em . Improved reli ab ility will result and the 
potent ial for release of radioacti vi t y via the vent ila t i on system wi ll be corres po ndingl y 
reduced . 

300 Area Li gu id 1..iaste Disposal S190,000 

The exi sting process was t e system will be provided wi th new l eaching t renches , a samp ling sta
t ion and two mon i tor i ng wel l s. The new leachi ng trenches wi ll rep lace the exis ti ng proces s 
ponds, thus eliminating the possibility of l eaching to the river of minerals which have accumu
lated over the years. There will also be l onger flowpaths t o the r i ve r f rom the new trenc hes. 

Replace and Upgrade 300 Area Contami nat ed Was t e Line $400, 000 

The existing ent i re rad i oactive contaminated sewer system cons i sting of a 6- i n. t r unk li ne fed 
by smaller 3- and 4- i n. l ines will be replaced and upgraded t o eliminate the poss i bi lity of li ne 
deterioration resulting in the release of radioact i vity to the ground. 

II. 1.1 . 2.4.4 P-11 Facility Cleanup S300,000 

The obj ecti ve of t hi s project i s to clean up the P-1 1 si te and r es to re the area so t hat it wi ll 
not pose an envi ronmenta l hazar d to peopl e or anima ls, thus all owing alternat ive use s of the l and 
area , if so des i red . 10 The P- 11 Facility (locat ion shown i n Appendi x II . 1-A) served as a l abora
tory for pl ut onium cri t i cal i t y st ud i es prior t o 1952 . It cons i st ed of two buildings: the 
123 Buil di ng (a convert ed orig i na l Hanf ord area res idence) and the 120 Bu il di ng . The 123 Build
ing, which served as the control house , i s already razed and i nvo l ved no plut onium contami nat i on. 
The 120 Building, which is a single-story metal bu il di ng abou t 32 f eet by 42 feet i n pl an, con
ta i ned a cri tical assembly room , a small chemistry laboratory, storage and tank room, and a 
change room. Work i n t his facil i t y was disconti nued i n 1952 af ter a fi re des t royed a part of 
the interior of the structure . 
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II.1. l".2.5 Decontamination and Decommissioning [RPB, X.11, X.18, X.24, X.25] 

Many Hanford facilities including waste disposal areas and equipment have been retired from 
service . Some of these are contaminated either with relatively short half-life radionuclides 
such as most fission and activation products and/or with long half-life materials such as plu
tonium. Contaminated facilities are secured to prevent release or spread of contamination; 
monitoring and surveillance are provided to assure that any releases will not go undetected. A 
program has begun to formulate decontamination and deconmissioning (D&D) and to carry out plans 
to ultimately dispose of the retired facilities. Special containment, packaging and storage 
may be an acceptable deconmissioning action for fission and activation product contaminated 
facilities, while radionuclide recovery and treatment for ultimate disposal will be required for 
facilities contaminated by long half-life radionuclides. 

The objectives of the D&D program are: 

• Prepare an overall plan for D&D 

• Conduct several demonstration operations 

• Adopt and utilize a D&D program to lead to ultimate disposal of retired facilities . 

Current planning suggests that movement of contaminated materials to a centralized location on 
the 200 Area plateau would be the first step . This location provides good protection against 
dispersal of radioactive materials. A centralized location would eliminate the need for survei 1-
lance at many individual sites. The cost of moving the material needs to be reviewed in view 
of the low potential for dispersal at most current facilities locations. In any event, the 
Hanford D&D program is intended to determine the various alternatives available and provide the 
i nformation needed to determine appropriate actions. 

The initial emphasis of the D&D plan is to establish priorities based on : 

• Maintenance needs of retired facilities 

• Surveillance requirements 

• Potential hazards 

• Half-life of the radionuclides 

• Location 

• Potential personnel exposures 

• Overall knowledge to be obtained 

• Complexity of D&D 

• Budget limitations 

• Contamination characterization knowledge 

• Volume reductions achievable 

• Availability of interim storage facilities . 

The initial program is divided into six categories: 

1) Disposition of Retired Contaminated Facilities 

2) Disposition of Contaminated Equipment 

3) Characterization of Retired 100-Area Facilities 

4) Solid Waste Burial Ground Recovery; initially characterization of 300-North and WYE 
Burial Grounds 

5) Plutonium recovery 

6) Fission Product recovery. 
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II. 1.1.2.5. 1 Disoosition of Retired Contaminated Facilities at Hanford 

Ob,ectives - The objective of this program is to prepare an overall plan and to demonstrate t ech
no ogy for decontaminating and decorrmissioning retired contaminated facilities at Hanford . 

Status - The objective will be achieved through the following major tasks : 

• Establish methods, costs, and oriorities for the disposition of ret i red (excessed ) Hanfo rd 
facilities. Alternative levels of residual contamination to pennit unrestricted use, con
ditional public use, or continued use for nuclear activities, are to be considered. 

• Fonnulate definite plans, schedules, costs and an environmental assessment for a proj ect 
to accomplish permanent disposition of a specific Hanford facility. The planning and 
project selection are to be such as to permit demonstration of techniques and establish 
the feasibility of application to other retired nuclear facilities . 

• Identify required R&D for disposition projects. 

To accomplish the tasks outlined above, the program has been divided into t he following ~ey tas k 
areas: 

• Compilation of Data on Past D&D Activities - A comprehensive listing of reports and docu
mentation of previous D&D related activities containing over 600 references has been com
piled and is available for use i n the fonn of a computer print-out . 

• Documentation of Disposition Activities - Infonnation derived from work carr i ed out 
directly under the program, as well as information resulting from other programs, will 
provide inputs to the documentation. Its key funct i on will be to act as a centra l ba s is 
of information for detennining the priorities and incentives for future D&D act iviti es 
on all Hanford retired and contaminated facilities. 

The Disposition Document will contain, as a minimum, the following information on all 
Hanford retired and radioactively contaminated facilities : 1) a descr i pt i on and history 
of uses, 2) a complete characteri zation of radioactive and chemical contami nan t s , 
3) description of salvageable equipment, 4) priority and incenti ves for decommi ss i on i ng , 
5) criteria for acceptable residue contamination levels, 6) disposal opti ons, 7) requ i re
ments for additional site characterization, R&D , and safety and environmenta l ana lys i s , 
and 8) estimated D&D project costs and schedules . In addition , a current tabu l at ion wil l 
be maintained on all radioactively contaminated facilities that are schedu led for 
re t irement . 

• O&D Demonstration Facil i ty - The Redox Plutonium Concentration Bu il ding, 233-S, was 
select ed as the firs t Hanford faci li ty for demonstrat i ng of existing D&D techno logy , 
performing R&D, and testing of new techno logies . 

Currently, five options for disposition are bei ng studied : 1) enclose build i ngs i n protect ive 
shell that wou ld withstand al l credible accidents for 100 years, 2) entomb structure wi t h con
crete , 3} decontaminate concrete structure and leave standing and remove equipmen t and meta l 
structures, 4) completely dismantle entire building and contents, package , and bury, and 
5) use building as a graveyard for other contaminated facilities. Option 4) i s present ly 
favored as yielding the most information return on the investment. 

II.1.1 .2.5.2 Contaminated Eguioment Volume Reduction 

Obiectives - The objective of this project is to develop and demonstrate volume reducti on t ec h
no og1es on contaminated metall i c equipment. Treatment is required to reduce t he size of the 
equipment and to reduce the mobility of the associated radionuclides . Thus , storage of t he fina l 
material will be safe and less costl y and will require a min imum of survei llance . 

~ - The present approach i s to develop remotely controlled size-reducti on techn iques wn i ch 
can reduce any and al l metallic equi p!l!"!nt to pieces su i table for charging el ectric furnaces. 
Fi nal volume reduction is proposed to be achieved through meltdown. The resulting ingots will be 
suitable for long term, retri evable storage. Decontamination i s being investigated for poss i ble 
use as a precursor step to simplify size reducti on and meltdown. The following processes are 
currently being investigated under this program: 

• Cost evaluation study of decontamination by chemical cleaning. 

• Size reduction by electric arc plasma furnace torch, burning bars and other techniques wh ich 
permit remote operation. 
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• Materials handling for equipment or equipment sections using cranes, mechanical conveyors , 
and rotating arm rakes. 

• Bulk volume reduction by melting of fragmented equipment in the following types of furnaces : 
graphite-electrode electric arc, plasma arc, and vacuum induction. 

• Techniques providing overall simplicity and maximum integrity of the final product. 

• Fume control techniques to insure total containment of the radionuclides. 

• Redistribution of surface contaminants during meltdown of laboratory-sized radioactively 
contaminated metal samples . 

II . l. 1.2.5.3 Characterization of the 100 Areas 

Objecti ves - Confirm radionuclide inventories and concentrations in the retired 100 Area fac ili
t ies including reactor buildings, solid and liquid disposal si tes, and liquid waste discharge 
areas. 

Status - The program has been segmented into the following key task areas : 

• Review documentation to 1ocate, review, and analyze records of solid and liquid was t e 
disposal activities in the 100 Areas . 

• Establish special surface mapping techniques and conduct field surveys to define more 
precisely each underground radioactive disposal site. 

• Conduct in-place sampling of all underground disposal sites with well drilling equipment. 
Sample reactor graphite cores and thennal shields with spec ially designed equ i pmen t. 

• Confi rm quantities and types of radionuclides contained in all contaminated si tes 
and facilities in the 100 Areas . These data will form the basis for all future 
D&D plans for the 100 Area. 

II. 1. l.2.5.4 Characterization of 300 North and Wye Burial Grounds 

Objecti ve - This study is designed to evaluate the present status of waste materials disposed 
to the 300 North and Wye Burial Grounds (318-10 and 318-14, respectively) and to evaluate the 
alternatives of designating the sites for permanent storage ana/or removal of all or part of 
the materials. 

Status - The objectives of this program will be achieved via the following tasks : 

• A records review will be conducted to locate, review, and analyze records of solid and 
liquid waste disposal activities in the 300 Area . 

• The precise boundaries of the waste disposal sites will be determined by dimensional sur
veys and the possible use of magnetometer, metal detector, seismic, and radar equipment . 

• Data on radionuclide quantities, types, and migration rate within the disposal sites will 
be determined using sample drilling and instrument wells. 

• Based on these data, future D&D plans can be formulated for this area. 

II.1. l .2.5.5 Plutonium in Soils [X.18] 

Research and deve 1 opment programs to demonstra'te the ability to recover p 1 utoni um from cribs and 
trenches are in progress. A demonstration program to recover plutonium from the 216-Z-9 Crib is 
planned. This recovery effort will 1) provide the practical knowledge on recovery methodology, 
and on potential and actual problems and 2) indicate directions for supportive recovery 
research. Recovery of plutoni1.111 from the Hanford soil storage locatio~s is necessary to avoid 
the need for ultra-long-tenn surveillance, land control, and to avoid consequences of potentially 
disruptive climatic and geological changes that might occur in the Hanford area in the next 
100,000 to half-million years. The practical level of recovery needed is yet to be determined . 
Studies are in progress at Hanford and at other ERDA facilities to detennine an acceptable 
cleanup level. EPA has held a hearing to receive cooments on the subject of acceptable levels 
for plutonium in the environment and presumably will issue guidance on this subject. The degree 
to which plutonium cleanup from waste disposal sites will be needed will be factored into the 
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development of the ultimate disposal plan for Hanford waste. Recovered plutonium can be used as 
product, repackaged for interim storage or packaged for ultimate disposal, depending on the 
actual time of recovery and the status of the ultimate disposal program . 

II. 1. 1.2. 5.6 Fission Products in Soil 

The ultima te disposal plan must consider the possible recovery of fission products from cribs 
and trenches. Current plans are based on leaving fission product mater ials that are not asso
ciated with plutonium in their cribs and trenches for decay. For plutonium associated fission 
products, the shorter half-lives of the fission products of prime interest, , 0sr and '.; 7Cs, as 
compared to plutonium, will be considered when the ultimate disposal options for fission product 
recovery are developed. Monitoring and surveillance programs to indicate status of soil dis
posed fission products will need to be continued for some time, but probably not longer than a 
few hundred years even if no fission product recovery is required as part of the ultimate dis
posal plan. Any unacceptable movement of the fission products or any changing environmenta l 
condition that might lead to movement of the fission products would require a recovery plan and 
ultimate disposal action. The ultimate disposal environmental impact statement will need to 
analyze, evaluate, and present the consequences of the various ultimate disposal options devel
oped for fission products in the soil. 

II. 1. 1.2.5.7 Future Plans 

The long-range objective of the O&O program is to identify generic types of contaminated fa cili
ties (buildings, reactor, disposal areas, etc .) and develop disposition plans which can be us ed 
to direct physical decontamination and/or deconmissioning of the facilities . The results of the 
demonstration project at the 233- S facility will be applied to similar classes of facilities. 
Studies will progress to treatment of more complex facilities such as reactors, burial grounds, 
etc. Table II.1-Sa outlines the projected schedule of O&O at Hanford. 

TABLE II. 1-Sa 

PROJECTED SCHEDULE OF O&D AT HANFORD 

DISPOSITION OF RETIRED CONTAMINATED FACILITIES 

• First demonstration facility selected in early FY-1975 

• Second demonstration facility selected mid-FY-1976 

• Operations on first demonstration facility begun late FY-1976 

• Third demonstration facil i ty select ed mid-FY-1977 

• Issue final report on first demonstration facility late FY-1977 

CONTAMINATED EQUIPMENT VOLUME REDUCTION 

• Laboratory investigation of contaminated metal meltdown begun mid-FY-1975 

• Nonradioactive size reduction demonstration conducted by end of FY-1976 

• Nonradioactive meltdown demonstration conducted by mid-FY-1977 

CHARACTERIZATION OF THE 100 AREAS 

• Field survey of disposal sites begun late FY-1975 

• In-place sampl ing of liqui d waste disposal sites completed mid -FY-1976 

• In-place sampling of sol id waste disposal sites and fac i lities completed late FY-1976 

• Final report and disposal site maps completed and issued early FY-1977 
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TABLE II. 1-Sa (Continued) 

CHARACTERIZATION OF 300 NORTH AND WYE BURIAL GROUNDS 

• Field survey of waste disposal sites begun late FY-1975 

• Drilling of current series of sampling wells completed late FY-1976 

• Estimate of any migration of radionuclides based on available data completed early 
FY-1977 

• Final report and disposal site maps completed and issued late FY-1977 

PLUTONIUM RECOVERY 

• Detailed schedules will be developed based on the results of the 216-Z-9 Crib 
plutonium recovery program. 

FISSION PRODUCT RECOVERY 

• No schedule for recovery has been established. 

II. 1.1.3 Plant Water Usaae 

Sanitary and process water for the Hanford Reservation operations are supplied from a number of 
different locations (Table II.l-6). The 100-B pumphouse, with the 100-D as backup, supplies 
water to 100-B-C, 100-D, 100-H, 100-F, and 200 Areas. (All of these areas are shown on Fig- · 
ure II . l-1 .) A water plant at 100-N Area supplies sanitary and process water to both 100-N 
and the WPPSS generating station located adjacent to 100-N. The 300 Area pumphouse supplies all 
water needs for the 300 Area. The City of Richland water supply system is intertied to the 
300 Area system as an emergency backup. Various wells in the 600 Areas on the site supply both 
sanitary and process water . 

An average of 440 cfs (0.4% of annual average flow) of Columbia River water is continuously 
withdrawn, mainly for cooling purposes. Most of this water is discharged directly back to the 
river as nonradioactive disposal. In addition, approximately 34.7 cfs (less than 0. 03~ of the 
total annual average flow) of Columbia River water is withdrawn and discharged to the ground as 
sanitary and industrial wastes. Wells supply approximately 73,000 gal/day for sanitary and 
minor irrigation use which is almost entirely discharged to the ground. 

II. l. 1.4 Waste Inventories [X. 18] 

Multiple disposal sites for radioactive waste have been used at Hanford during its 30-yr 
history. The choice of disposal site is based on many factors including half-life and toxicity 
of the elements involved, quantity of material to be discarded, proximity to water table and/or 
the Columbia River, and optimum personnel radiation exposure and contamination control . The 
use of many of these sites has been terminated. 

The waste inventory data reported subsequently and in greater detail in Appendix II.1 -C for 
cribs, burial grounds, ponds, ditches, specific retention sites, and unplanned releases are sub
ject to variations in sample collection and analysis. 

High-level waste streams are analyzed for plutonillll, uranium and neptunium. Fission product 
content is calculated from irradiation history. The total contents of all waste tanks are known 
with fair precision, although the contents of individual tanks and, to some extent, of individ
ual tank fanns are less certain because ~f transfers among tanks and farms. 

Discharges to cribs, specific retention sites, ponds and ditches are based on line samples. 
Since the concentration of radionuclides in these streams is often low, accuracy is low and con
siderable uncertainty is involved. In some cases, particularly for discharges to ponds and 
ditches, the radioactivity is below limit of detection and the results are therefore reported 
as "less-than" figures. 

Unplanned releases of liquids to grounds are based on estimates of volumes involved and of con
centrations of the radionuclides in the stream. Gaseous releases are based on stack samples. 
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Plant or Facility 
100-8 

100-0 

100-K 
100-N 

100-F 
200 Areas 

300 Area 

FFTF 

Atm. Physics 

609 Fire Sta . 
{100 Area 
Centra 1} 

TABLE I I. 1-6 

PLANT WATER USE 

Source of Suoply 
Columbia River 
100-B Pumphouse 

Columbia River 
100-0 Pumphouse 

From 100-K Pumphouse 

Columbia River-100- N 
Pumphouse 

From 100-8 Pumphouse 
100-B Pumphouse 
Well 299-£26-6 
Wells 299-£28-11 and 
15 
Columbia River 
300 Area Pumphouse 
Wells 699-S0-7 

699-S0-8 
699-Sl -7B 

100-B Pumphouse 
100-B Pumphouse 

609 A Fi re Sta. 100-B Area 
·(200 Area 
Central} 
6652C (Aeronomy} 
66521 (Ale Hq} 
Emergency 
Relocation Ctr. 
BY Telephone 
Exchange 
Hanford Road 
Ma intenance 
Verni ta Park 

Rattlesnake Springs 
Well 699-26-89 
Well 699-SlS-51 

Well 699-50-28A 

Well 699-Han-9 

We 11 s 699-72-l0 lA , 
Band C 

Primary Use 
Process water 

Process water 

Process water 

Process, sanitary and 
cooling water 
Process water 

Process and cooling water 
Emergency cooling water 
supply 
Emergency process supply 
Process and sanitary 
331 Fish Ponds 
Construction and Sani ta ry 

Sanitary 
Sanitary 

Sanitary 

Sanitary 
Sanitary 
Sanitary 

San itary 

and Irrigation 

Industrial and Sanitary 

Sanitary and Irrigation 

Reported quantities of radioactivity in burial grounds or storage tunnels are est imates based on 
operating history and radiation levels of the equipment or waste buried. Genera lly , these data 
are of greater uncertainty than liquid and gaseous streams since there i s no practica l method by 
which a representat i ve sample, particularly of large equipment pieces, can be obtained. 

Overa 11 , however, the accuracy of the inventory tota 1 is be 1 i eved to be within a factor o.f two, 
probably withi n 50% or better. The reported i nventories in this final environmental impact 
statement have been adjusted to a si ngle si gnifi cant figure t o reflect t he uncerta i nti es i n t he 
data . 

II . 1.1. 4. l Contained Soi ids and Liquids 

II. 1.1 .4. 1. 1 Disposal Sites 

The approximate inventories of sol id waste disposal in the 100 Areas through 1972 surrmarized 
below are shown in Appendix II . 1-B, Part 3. These inventories are corrected for decay through 
the end of 1972. 
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Radionuclide 
Long Ha l f- Li fe (>l Year ) 

60co 
90sr 

239Pu 

Short Half- Life (<1 Year ) 
65zn 

54Mn, 95zr 

Quanti t y (Ci) 
(decayed t hr ouo h 1972) 

30 , 000 
30 
0. 4 

1, 000 
4,000 

The approximate i nventories of sol id waste di sposa l i n t he 200 Area s th rou gh 1972 su111T1a r i zed 
be l ow are shown in Append ix II. 1-C, Part 6. 

Radionucl i de Ouant itz 

u 6 X 108 g 
239Pu 4 X ,as g 
90Sr 1 x 104 Ci 

106Ru 3 X 103 Ci 
137Cs X 104 Ci 

Other radioactive mater i al s 4 X 105 Ci 

I I. 1.1.4.1. 2 Fac i l it ies [X . 4, X.24] 

Inventories of rad i oactive mater i als estimated t o be contained in nonopera t ing reac to rs and 
react or fac ili t i es through 1972 3 as su1T1TJar i zed be low are shown i n Appendix I I. 1-B , Part 3. 

Radionuclide 
Reactors 

60co 

React or Fac i l i ties 
90sr , 137cs , 239Pul 

152EuJ 

Quantity (Ci ) 

70 , 000 

800 

2, 000 
150, 000 

Inventories of radioactive materials estimated t o be con t ai ned in t he two Purex equ ipment st or
age tunnels through September 1973 as su1T1TJarized be low are shown in Append i x II . 1-C, Part 6. 

Radionuclide 
Mixed Fission Produc t s 

90Sr 
106Ru 

137cs 

60co 
239Pu 

Quantity 
30,000 Ci 
1,000 Ci 

8 Ci 

1,000 Ci 

20,000 Ci 
<500 g 

The estimated decayed i nventory of radioactive materials stored i n tanks in the 200 Areas 
t hrough 1980 11 and 2000 are su11111arized below. 
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Radionuclide Quantity (Ci) Quantity (Ci ) 

1980 2000 

90sr 5 X 107 3 X 106 
137 Cs 3 X 107 2 X 106 

239Pu 2 X 104 2 X 104 

II.1.1.4.2 Liguid Discharges to Soil 

The estimated radioactive material inventories in the 100-N Area crib at the end of 1972 3 as 
su,1marized below are shown in Appendix II.l-8. 

Radionuclide Quantity (Ci l 
60Co 2,000 
54Mn 800 

137cs 400 

Misc. nucl ides 500 

The estimated radioactive material inventories in the 100-F animal waste leaching trench 
at the end of 1972 12 as sU111Tiarized below are shown in Appendix I I .1-8 . 

Radionuclide 

90sr 
239Pu 

Quantity (Ci) 

4 

0.08 

The estimated radioactive material inventories in 200 Area ditches, ponds, and cr i bs at the 
end of 1972 1 3 (decayed) as sU11111arized below are shown in Appendix II. 1-C, Part 6. 

Quantity Quant i t y 
Radi onuc 1 i de 200 Area Radionuclide 200 Area 

Beta 2 X 1 o5 Ci 60co <2 X 102 Ci 
90Sr 3 X 104 Ci 233u <l 3 

X 1 Q g 
106Ru 3 X 103 Ci unat 1 X 108 g 
137 Cs 4 X 104 Ci 239pu 2 5 

X 1 Q g 

II . 1. 1 .4 . 3 Radionuclides Sto red Beneath Selected 200 Area Cri bs [X.4, X.24] 

A detailed study of radioactive waste beneath a specific disposal site (216-S-l and 2 Cr i bs ) was 
made in 1956. In 1966, the site was again evaluated as part of a larger study wh i ch i nvol ved 
the drill i ng of 30 wells totaling 4988 feet to explore the soil sediments beneath 11 major and 
typical waste disposal sites . 14 ,15 

Both of the above studies concluded that the major amount (greater than 99% of t he long-lived 
radionuclides) is stored in the subsoil within a few tens of feet below the bottom of the dis 
posal facilities and well above the water table. The details of the exploration of radionuc li de 
di stributions beneath these waste disposal sites are summarized i n Appendix 11. 1-C, Part 5. 

Exploratory wells were dri l led in 1966 at the following sites : 

• 216-A-5 crib • 216-8-3 ponds 

• 216-A-8 crib • 216-S-7 cribs 

• 216-A-24 crib • 216-S-9 crib 
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• 216-A-25 ponds • 216-T-28 crib 

• 216-B-C cribs and trenches • 216-Z-9 cribs 

• 216-BY cribs • 216-Z-12 cribs 

Summaries of the results are also presented in Appendix II.l-C, Part 5. 

During 1971, data from the 1966 drilling wer~ used to define an empirical relationship from 
which the quantities of ruthenium, cesium and strontium in the lowermost 50 feet of the vadose 
zone were estimated . Forty-two cribs were identified where possible quantities of these long
lived radionuclides might exist . The total inventory calculated for the lowest SO feet of the 
vadose zone was about 2000 Ci of ruthenium and about 400 Ci of strontium plus cesium. 16 

On the basis of the concentration measurements for gross beta (calculated as 106 Ru ) and tritium 
and nitrate ion plumes, an order of magnitude estimate was made of the tota l cur i es or ki lograms 
in the unconfined groundwater aquifer. The concentration measured at the water table was assumed 
to be constant over the saturated thickness of the unconfined aquifer, an assumption which has 
not been verified but which should produce a conservative estimate. After the aquifer area was 
divided into 1OOO-ft square cells (yielding about 10,000 cells), the amount of contaminant in 
each cell was surrvned. The results were as follows: 

Gross Beta (as l 06Ru) 

Tritium 

Nitrate 

6400 Ci 

3.5 x 10 7 Ci 

2.2 X 108 kg 

The radiological status of the groundwater near the surface of the unconfined aquifer is moni
tored regularly. The results are reported annually. The gross beta (ruthenium ) plumes and 
the tritium plumes are mapped in Figures II. 1-66 and II. 1-67 for the latter half of 1973 . The 
tritium plumes correspond to the nitrate plumes of Figure II. 1-68 that emanate from the 200 Areas 
and the 1OO-N Area. The remainder of the tritium-contaminated groundwater . in the northern part 
of the Reservation is due to previously operating reactors. 

The major trends of the groundwater flow paths are illustrated by these plumes. Dispersion, 
radioactive decay, and a minor amount of sorption act to modify the convective transport of 
these contaminant "tracers." The gross beta activity plumes in Figure II.1-66 are not spread as 
far as the tritium or nitrate plumes, primarily because ruthenium (half-life of 1 year), which 
is the major beta emitter, is decaying faster than the current rate of travel away from the dis
posal sites. 

Other radionuclides are observed in the unconfined aquifer in the irrmediate vicinity of the dis
posal sites at 1OO-N Area, 200 East and West Areas, and the 300 Area . At the 1OO-N Areas, the 
radioactivity in the groundwater from ground disposal of waste is predominantly tritium, ' 31 I, 
106Ru, 90sr, and 60 co . At the 200 Areas, the groundwater activity in addition to 106Ru and 
tritium is due to 60 co, 90sr, 137Cs, U, 99Tc and 129I: At the 300 Area, the predominant radio
nuclide in the groundwater is u·ranium from fuel fabrication and laboratory waste disposal. 
Table II.1-7 shows the highest average concentrations of radionuclides other than tritium, 129I 
and 99Tc listed by disposal site for 1972. 

* Recently, more comprehensive analysis for 129 I (half-life 1.6 x 10 7 yr) was added to the 
groundwater monitoring program. Due to the low energy of the beta and ganma from 1291, a 
special chemical separation is required and newly developed analysis methods are now avail
able. Preliminary indication is that 129 I in the groundwater may have an environmental 
importance comparable to ruthenium and tritium. The first results for 129! will be reported 
in the next annual monitoring report "Radiological Status of the Groundwater Beneath the 
Hanford Project." Groundwater concentrations of 99Tc are found to be less than 106Rh. The 
routine monitoring program has measured l0 6Rh concentrations with special samples for 99Tc 
on an intermittent frequency. The 106Rh was considered to be a good measure of the position 
of the rapidly moving radionuclides other than tritium and 129!. 
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FIGURE II. 1-67 AVERAGE TRITIUM (3H) CONCENTRATIONS FOR 1973 
(Concentration Guide: 3000 pCi/ml) 

II. l-70 



NI IRATE INO}I CONCENIRATIONS 

JU LY· DECEMBl:R 197} 

J-:-:·-•::::) o-.5mqll 

c:::::!] > 4 5 mql I 

Q BASALT OUTCROP ABOVE WATER TABLE 

• Wf.. l l 

DRINKING WATER STANDARD IS 45 mq/1 

MILES 

n°'Jo' 

""'!] 
liGNUIC HORTH 

FIGURE II. 1-68 AVERAGE NITRATE ION {NO3) CONCENTRATIONS FOR 1973 
(Drinking Water Standard: 45 mg/1) 
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TABLE I I. 1-7 

HIGHEST GROSS BETA, 60Co, l0 6Ru, 9 0Sr, 137Cs, AND GROSS ALPHA CONCENTRATIONS 
IN THE GROUNDWATER UNDER THE AREAS LISTED BY DISPOSAL SITE 

Average Concentration 
(eCilml l 

Jan-June July-Dec Analytical Concentration 
1972 1972 Limit Guide 

Gross Beta (as 106Ru) 0.08 10 

100 Areas 

Active Sites 
1301-N Crib 1. 9 1. 1 

Inactive Sites 
105, 0/DR Crib , 
Storage Basin, 
Trenches <0 . 08 0. 12 

200 Areas 
('.,' Active Sites 

n 216-S-23 18 13 , 216-B-50 3.9 4. 3 

r~ 216-A-30 0.8 2. 0 
216-A-36B 3. 1 2.0 

Inactive Sites 
216-S-9 77 46 

... 216-S- l 23 26 
216-S-13 18 17 
241-BX-l ,2 5.5 5 
241-BY-1 ,2 4. 7 3.8 

300 Area 

Active Sites 
307 Retention Basin 
Transfer Line 6 0.32 

North Process Pond <O. 11 0. 15 

Ci' 
60co 0.02 30 

100 Areas 
1301-N Crib 0. 054 <0.15 

200 Areas 
Active Sites 
216-8-50 9. 0 l 0.3 
216-8-57 2.4 2.9 

Inactive Sites 
216-Z-7 2.3 1.5 

_ l 06Ru 0.06 10 

100 Areas 
1301-N Crib 0.18 0.07 
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TABLE II.1-7 (Continued) 

Average Concentration 
(pCilml l 

Jan-June July-Dec Analytical Concentration 
1972 1972 Limit Guide 

200 Areas 
Active Sites 
216-S-23 17 15 
216-A-30 0.8 2. 3 
216-A-368 3. 1 2. 1 
Inactive Si tes 
216-S-9 76 56 
216-T-26 3.3· 3 

Gross Alpha (as 239Pu) 0. 02 5 
200 Areas 
Inactive Sites 

~} 216- S- 13 1. 41 2. 57 
216-S- 21 0. 07 0. 06 

"'. 216-A- 27 0. 04 0. 035 

300 Area 
lJ North Process Pond 0. 1 0. 09 

137cs 0. 02 20 
100 Areas 
1301 - N Crib <0.02 <0. 11 

tr) 200 Areas 
Active Sites 
216-8-46 ,50 0. 64 0. 55 
216-A-36- B 0. 042 
Inacti ve Sites 
216-A-24 0. 076 0. 15 
216- S- 9 <0. 07 <0. 06 

90sr 0. 03 0.3 
100 Areas 
1301-N Cri b 0. 12 o. 13 

200 Areas 
Acti ve Si tes 
216-A-36-8 0. 064 0.064 
216-A- 10 <0 . 032 0. 033 
Inacti ve Si tes 

19. 2(a) 19. 3(a) 216-S- l 
216-S- 2 0. 15 0.12 
216-A-5 <0.032 0. 042 

(a) Append i x I I. 1-C, Part 5. 

I I • 1 - 73 



II.l. 1 .4.4 Plutonium Movement in Hanford Soil Systems [RPB, X.23, X.25] 

The retention of plutonium solutions by Hanford soils is well documented. 37 - 5 Z (A discussion of 
these studies is presented in Appendix II. 1-H.) Field observations and laboratory studies show 
that the bulk of the plutonium in waste solutions at near-neutral pH is removed from the solu
tions by sediments re l atively close to the disposal point . The removal mechanism is 1) a 
plutonium-sediment exchange reaction or 2) plutonium precipitation for neutral to slightly acid 
waste solutions. Plutonium is adsorbed most effectively by high surface area, high cation 
exchange capacity sediments, with little effect from competing salts. Soil column studies show 
that little plutonium adsorption by sediments occurs from tenth normal acidic solutions, or 
higher acidities, at pH 10 from alkaline solutions. 

Plutonium mobility in sediments in connection with 216-Z-9 covered trench i nvestigations was 
studied . 47 Laboratory scale diffusion and leaching experiments showed that about 0. 1~ of the 
plutonium from surface sediments in 216-Z-9 covered trench was mobilized by groundwater . Accord
ing to the study, plutonium migration into lower sediment layers was 10,000 times less than t he 
transporting solution velocity. Plutonium movement by diffusion was negligible in a t en half
life period (8 . 5 cm in 2.4 x 10s years) . 

A study was made of the reactions of organic waste containing plutonium with Hanford sediments . 
Percolation of organics through the sediments had little effect on soil permeability for sub
sequent filtration of high-salt aqueous waste. Hanford waste disposal practices have avoided 
disposal of plutonium contaminated organic waste streams to sediments. Organic plutonium con
taminated waste streams are stored in waste tanks . 

Studies~ 5 have shown that only small amounts of 233 Pu are translocated from the sediments to 
plant leaves during plant growth . Leaf to soil ratio· for 23 ?Pu was about 0.0001 on the average 
for barley grown on Milville silt loam, Cinebar silt loam and Ephrata fine sandy loam. Studies 
are i n progress to determine the microbial alternatives of plutonium solubility in soils . The 
studies indicate that for the experimental conditions used, the solubility of plutonium in soi l 
is influenced by the activity of the soil microflora. Research is directed toward determinat i on 
of, 1) the uptake of plutonium by a broad range of plants from representative soil types con
taining plutonium at environmental concentration levels, with emphasis on root crops, 2) the 
potential for recycling of plutonium present in plant roots, and 3) the form and behavior of 
plutonium in soils and plants. These studies are fundamental in predicting and understanding 
the long term interactions of plutonium with soils, waters and plant growth . 

'1 II.l .1 .4.5 Unplanned Releases 

During the period 1945 through 1973 a number of unplanned radioactive contamination releases to 
the environment occurred. Details of many of these are abstracted in Appendixes II. 1-S, Part 5, 
II . 1-C, Part 8 and II. 1-E, Part 5. These listings include unplanned releases which are known 
or believed to be in excess of 0. 1 Ci of fission products or 0. 1 g of plutonium. When possible, 
ground surface contamination was removed, covered or otherwise stabilized to preclude further 
spread in the environment. 

C' Appendix II. 1-B presents abstracts of unplanned environmental release incidents which occurred 
i n the reactor (100) areas. Typical incidents included windborne radioactivity spread from dry 
cooling water retention basins and fuel element failures resulting in radioactivity releases 
from ventilation stacks. In excess of 2600 Ci of short-lived fission products are known to have 
been released to the environment as a result of incidents at Hanford reactor sites. Fire in a 
remote laboratory facility released about 4 g of plutonium. 

The largest number of unplanned environmental release incidents occurred in the chemical process
ing (200) areas. The quantities of radioactive materials released are detailed in Appendix 
II . 1-C. The typical incident iavolved leakage of waste solutions from tanks or lines or emis
sion of gaseous or particulate radioactivity from stacks. In one incident, several hundred gal
lons of uranium solution soaked into the ground alongside a Hanford road after the overturn of a 
tank truck. This contamination has since been removed to the point that radiation control is no 
longer required. The largest release was the 106-T tank leak which released 40,000 Ci of 137Cs, 
14,000 Ci of 90sr and 4 Ci of plutonium to underground soils. No offsite or groundwater con
tamination resulted. 

A number of environmental release incidents occurred in the 300 Area laboratory complex (Appen
dix II. l-E). 300 Area incidents resulted in the release of about 843 Ci of mixed fission prod
ucts. Most of these incidents involved gaseous or particulate releases from stacks but the 
majority of radioactivity released occurred in a single incident which leaked fission products 
to the ground. 
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II. 1. 1.5 Waste Handling System and Operating Experience - Radioactive 

II. 1. 1. 5. 1 Gaseous Radioactive Material Releases 

The results of analyses of all exhaust -air streams likely to contain radioac ti ve mater ial s are 
surnnarized below for 1972 .2 

Data for specific facilities are presented in Appendix II. 1-C, Appendi x II. 1-0, and Appendi x 
II.1-E. 

100 Areas (1972) 

41Ar 3H 

Total Release, Ci X 105 2. 7 X 101 

Average Concentra- 5. 2 X 10-5 1.4 X 10-8 
tion, ;.Ci/ml 

133! 90sr 

Total Release, Ci 5 X 1 Q-2 <4 . 5 X 1 Q -6 

Average Concentra- 2. 6 X 1•-l Q <6.6 X lQ -14 

t ion , :.Ci / ml 

Alpha 
(Assumed Pu) 

200 Areas (1972) 

Al pha 
(Assumed U) Beta 

131 I 

1. 3 X 10- 2 

6.8 X 10-12 

239Pu 

<3. 7 X ]Q -7 

<5. 4 X lQ -1 5 

Total Release , Ci 
Average Concen

t rat ion , 1,1Ci /ml 

5. 2 X 10- 3 

3. 9 X 1•- 13 
9. lxlO-S 
1.7x l0-12 

-1 8.7 X lQ 2. 1 X ] 0-] 

Tota l Re l ease , Ci 
Average Concentra

t i on , uCi/ml 

6.5 X lQ- l ] 

300 Areas (1972) 

Alpha 
<6. 6 X lQ- 5 

<1.lxl o- 14 

Beta 
- 3 <3.4 X 10 
-13 <5.8 x 10 

1 X 10-]Q 

-2 <1.2 X lQ 
- 12 <2. 5 X ]Q 

II.1.1 . 5. 2 Liquid Rad i oacti ve Material Releases to Columbia Ri ver [RPB, X.25] 

The total quant i ty of radioactive materials released to the Columbia River at l OO-N 2 as summa
rized below are shown in Appendix I I. 1-8, Part 4. 

100-N Area ( 1972) 

3H 24Na 51 Cr 

7 X 103 5 X 102 1 
Total Release, Ci 2. 5 X lQ 

2. 5 X 10- 3 -6 -8 
Concentration, 1,1 Ci /ml 1. 4 X 10 6.8 X 10 

56:,, 239Np Misc . ,n 

Tota 1 Re 1 ease, Ci 6 X 102 9. 0 X 101 1.8 X 102 

Concentrati on, 11Ci/ml 1. 6 X ] 0-S 2.4 X 1•- 7 

Quantities released in 1972 to the Columbi a River via the 102-in. discharge l i ne at 100-N are 
as follows: 
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To Columbia River Via 102-Inch Discharge Line at 100-N 

Ave . Cone. Peak Cone . Total Released 
Radionuclide oCi / t eCi/t Ci 

46sc O.D6 60 0.02 
51Cr 0.9 280 0. 2 
54Mn 1.5 l 000 0.4 
58co O. l 82 0.02 
59Fe 0. 25 900 0. l 
60Co 4. 0 1200 1.0 
65zn 0.7 450 0.2 
76As 0. l 36 0. 03 
95zr 0. 2 70 0.04 
95Nb 0. 4 140 0. l 
99Mo NRD 42 <O. l 
99Tc NRD 23 <O. l 

l22Sb NRD 10 <O. 01 
l 24Sb NRO 29 <0 . 01 
125Sb 0. 05 32 0.02 
131 I O. l 6 0.03 
134cs 0. 02 <6 0. 01 
137Cs 0. 2 <2 0. 07 
l40Ba <O . l 1500 0.1 
140La <0 . 04 4900 0.3 
14lce 0. l 140 o. 03 
144ce 0. 3 170 0. l 
187w NRO 0.3 <O. 01 
239Np NRO 45 0.02 
103Ru 0.08 110 0.02 

24Na 4 5 
56Mn 19 34 5 

1331 NRO 0.8 

II.l.1.6 Waste Handling sistems and Oeerating Exeerience Nonradioactive 

II.l.l.6.1 Nonradioactive Gaseous Releases 16 

II.l.l.6.1.l 100 Areas 

Three oil-fired boilers, that provide standby power at the 100-N Area, release SO? ·and N0 2 to 
the atmosphere via stacks from each unit. No scrubbers or separators are used. \The pollutants 
released to the atmosphere are sunmarized in Table II. 1-8.) The 100-K Area central heating 
plant has been deactivated. Separate unit heaters are utilized at each facility in other 100 
Areas except 100-0 in which experimental work is conducted and electrical heat is used. In 
100-0 and 100-F Areas, oil-fired package steam boilers burning an estimated 250,000 gpy each, 
discharge direct1y to the atmosphere. 
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TABLE I I. 1-8 

SOURCES AND EMISSIONS OF NONRADIOACTIVE POLLUTANTS 
TO THE ATMOSPHERE CY-1972 

200-E 200-W 300 Area 
Power Plant Power Plant Power Plant 

Fuel Coal Coal Coal 
Combustion spreader spreader spreader 
configuration stoker stoker stoker 
Consumption (tons) 57,000 35,000 10,500 
Sulfur Oxides (tons) 650 400 120 
Nitrogen Oxides (tons) 430 260 80 
Particulates (tons) 3,400 2,000 650 
Aldehydes (pounds) 300 200 50 

100-N 300 Area 
Power Plant Power Plant 

Fuel (oil) 116 Residual 112 Distillate #6 Residual 112 Distillate 
Canbustion Tangentially Tangen ti a 11 y Horizontally Horizontally 
Configuration Fired Fired Fired Fired 
Consumption 
(gallons) 

8,500,000 94,000 2,200,000 1,100,000 

Particulates 100 tons 1,400 pounds 25 tons 8 tons 
Sulfur Dioxide 1000 tons 2,000 pounds 250 tons 25,000 (pounds) 
Sulfur Trioxide 25,500 30 6,500 350 
(pounds) 
Carbon Monoxide 1,700 zo 450 200 
(pounds) 

Hydrocarbons 25,500 
(pounds) 

300 6,500 3,300 

Nitrogen Oxides 170 1.88 90 40 
(tons) 
Aldehydes 8,500 200 2,200 2,200 
(pounds) 

Exhaust Gas Fl0111 for Main Heating Plants 
100-N 1. x 1010 ft3/year 
200-E 3.4 x 1010 ft3/year 
200-W 2. l x 1010 ft3/year 
300 2.3 x 1010 ft3/year 

200-E 100-0 100-K 100-F 400 Area 3000 Area 
Steam Steam Steam Steam Steam Steam 
Plant Plant Pl ant Plant Pl ant Plant 

Fuel 112 Dist 112 Dist il2 Di st 112 Dist i12 Dist #2 Dist 
Canbustion Horiz . Horiz. Tang. Horiz. Horiz. Hori z. 
Configuration Fired Fired Fired Fired Fired Fired 
Consumption 
(gallons) 

54,000 250,000 290,000 270,000 11,000 120,000 

Particulates 800 3,800 4,300 4,000 160 1,800 
(pounds)" 
Sulfur Dioxide 1,200 5,700 6,500 6,000 250 2,700 
(pounds) 
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TABLE I I. 1-8 (Continued) 

200-E 100-0 100-K 100-F 400 Area 3000 Area 
Steam Steam Steam Steam Steam Steam 
Plant Plant Pl ant Plant Plant Plant 

Sulfur Trioxide 20 80 90 90 5 40 
{pounds) 
Carbon Monoxide 10 50 
{pounds) 

60 50 2 20 

Hydrocarbons 160 750 860 800 30 360 
(pounds) 

Nitrogen Oxides 
(pounds) 

4,300 20,000 11,500 21,600 900 9,600 

Aldehydes 
(pounds) 

100 500 600 540 20 240 

333 Building 
Metal Etch Line 

Nitrogen Oxides - 14 tons 

II.1.l.6.1.2 200 Areas 

One major heating and power plant is operating . in the 200-E Area and another is opera ti ng in the 
200-W Area. In addition, a portable steam generator is operated in the 200-E Area tank farms. 
Atmospheric releases are surrmarized in Table II.1-8. 

The Btu/hr heat input rating of all fossil fuel combustion equipment is : 

Btu/hr heat input 39.5 x 106 at 30 m/hr* 
65.7 x 106 at 50 m/hr 
79 x 106 at 60 m/hr 
92 x 106 ~t 70 m/hr 

105 x 106 at 80 m/hr 

The Btu/hr value and sulfur and ash content, where relevant, for all fuels are: 

Coal Analysis 

Continental 

Btu/lb 
Ash 
Sulfur 

(Hiawatha) 

12650 
6.5% 
0. 7% 

The hourly fuel use rate for each unit is: 

Fuel use rate Hiawatha 

30 m/hr = 1.5 tons per hour 
40 m/hr = 2.0 tons per hour 
50 m/hr = 2. 5 tons per hour 
60 m/hr = 3.0 tons per hour 
70 m/hr = 3.5 tons per hour 
80 m/hr • 4.0 tons per hour 

Pit 

Btu/1 b 11250 
Ash 10% 
Sulfur 0.7% 

Pit coal add 10% more consumption per hour at each 
1 oad rating. 

Stack height and internal exit diameter for a11 release points are: 

Stack height 250 ft - 9 ft ID at top. 

Exit velocity and temperature for all stack effluents are: 

"'m/hr = 1000 pounds steam per hour. 
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Velocity and temperature 

30 m/hr = 204 fpm at l83°F 
50 m/hr = 283 fpm at 204°F 
60 m/hr = 330 fpm at 232°F 
70 m/hr = 377 fpm at 246°F 
80 m/hr = 425 fpm at 262°F 

II . l. 1.6. 1.3 300 Areas [X.24] 

A central powerhouse in the 300 Area provides up to 365,000 lb/hr of steam for bui lding hea t and 
limited process heat in some facilities. The four oil-fired units norma l ly i n use are supp li ed 
from a large underground storage tank. Three of these discharge through i ndi vi dua l duct s at 
roof level. 

The two coal-fired units now being returned to routine service are fed f rom an uncovered large 
surface supply maintained by railcar shipments. The two coal-f i red and one oil-f i red uni ts are 
discharged through a cyclone separator and a 150-ft high stack to the atmosphere . 

II. 1. 1.6.2 Nonradioactive Liguid Disposal 

II . l . 1.6.2.l San i tary Waste 

100 Areas 

Each area includes severa l sanitary waste systems incl ud i ng separate sept ic tanks draining into 
ti le f i elds . The rates of sanitary sewage discharged to t he ground for 19i 2 are listed in 
Table II.1-9. 

TABLE I I. 1- 9 

SEWAGE DISPOSAL TO GROUND FROM 100 AREAS 

Pl ant ~ 
100-N 22 , 500 
100- K 2, 750 
100- B-C 180 
100- 0 2,400 
100-F 2,700 

200 Areas 

All facil i ties in the 200 Areas with sinks, rest rooms, showers, ot l unchrooms are on a sanitary 
sewer system discharg i ng into septic tanks which overfl ow into t i le fields. The ra te of san i 
t ary sewage discharge to the ground for 1972 is 99,000 gpd. 

300 Areas 

Sanitary waste is liquid waste from change rooms with sinks and showers, res trooms, to ilet 
faci lities, janitor sinks and lunchrooms. All permanent 300 Area buildings with one or more of 
these accorm1odat ions are on a separate sewer system delivering sewage to sept ic tanks with a 
tota l volume of about 8,500 ft 3 (Figure II.1-69) . The effluent from t he septic t ank fl ows to 
one of two leaching t r enches approximately 600 feet long and 10 feet wide. 

Fl ow through the sanitary sewer syst em var i es from 350 , 000 gpd i n the wi nter to 600,000 gpd i n 
the surmier . A weir between t he septic t ank and the leaching t rench measures t he volume of 
sewage. Thi s is conti nuously recorded and the record inspect ed dai ly. Samp les are taken rou
ti nely between the trenches and the ri ver and ana lyzed for col iform, BOD and turbidity. 

Mi scellaneous Faci lities 

The rates of sanitary sewage discharged to the ground via tile fields ~djacent t o fac i l ities for 
1972 are surm1arized i n Table II. 1-10. 
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FIGURE II. 1-69 300 AREA SANITARY SEWER SYSTEM 

TABLE II. 1-10 

OTHER SEWAGE DISPOSAL TO GROUND 

Plant 
609 Bldg. Fire Station 
609-A Building Fire 
Station 
Hanford Road Maintenance 
600 Area (Atmos. Physics) 
6652-C Aeronomy 
6652-I (ALE) 
BY Telephone Exchange 
FFTF 
WPPSS-N Area 

II. 1. 1. 6. 2. 2 Industrial Liquid Waste [X.24] 

100 Areas 

-9.E.L 
1,250 

800 

200 
2,900 

900 
900 

6 

60 ,000 
10.000 

33 1 

3 1 8 

32 0 

J l00C 

Four of the 100 Areas discharge water directly to the river. For 14 discharge points. a dis
charge pennit application was filed with the Corps of Engineers who, in turn, transferred it to 
EPA. The application has not been processed by the EPA. (The discharge applications are shown 
in Appendix II. 1-0) No waste abatement is applied to any discharge as essentially no chemicals 
or radionuclides are released. Table II . 1-11 and the figures in Appendix II .l-0 descri be these 
releases. 
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TABLE I I. 1-11 

DIRECT DISPOSAL TO THE COLUMBIA RIVER 

Plant 9Ed 
100-N 283,000,000 

100-K 4,530,000 

100-8-C 755,000 

100-0 792,000 

Approximately 2,000,000 gpd of industrial waste which contains minor amounts of chemicals, shown 
in Table II. 1-12, and radioactive material (discussed in previous section) are discharged to the 
ground at the 100-N Area via 1301-N Crib. No industrial liquid waste is discharged to the 
ground in the deactivated 100 Areas . 

TABLE I I. 1-12 

1301-N CRIB - 1972 

Volume Released 7.6 X 106 t/d 
Sulfate 3.5 mg/2. Nitrate 0.1 mg/ ;_ 

Aluminum 80 ',J.g/2. A1T1110ni a 1.8 mg/ l 

Calcium 13 mg/2. Nitrite 0. 140 mg/ l 

Chromium l O '.J.g/i Strontium 80 -,,.g/ ;_ 

Iron 50 ',J.g/ i pH 7. 7 

Magnesium 2 mg/ i Total Sol ids 67 mg/ l 

200 Areas 

Approximately 16,800,000 gpd of industrial waste are discharged to the ground in the 200 Areas 
via ponds and cribs. (The discharge points are described in Appendix II.1-C. ) These discharges , 
primarily cooling waters containing minor amounts of chemical and radioactive pollutants, are 
controlled between pH of 7.0 and 8.0. 

300 Areas 

Industrial waste includes cooling water, process water and other nonsanitary waste. Discharge 
of uran i um and small qunatities of radioactive waste c~ntainin~ less than 5 x 10- 5 '-' Ci/cmJ is 
permitted . The average concentration is about 1 x 10- · uCi/cm. Each facility in the area with 
significant quantities of process and cooling water is connected to the separate process sewer 
system which discharges directly into one of two retention ponds (Figure II. 1-70). These ponds , 
covering approximately si x acres each, are used alternately, the North Pond being currently 
used. The North Pond comprises three smaller divided bays and one large bay. Water enters the 
ground through percolation at the bottom of the pond. The first bay (nearest the influent ) of 
the pond contains an oil stop to permit the recovery of spilled oil. A representative weekly 
sample of pond water is obtained at the pond inlet. Di scharge to the ponds averages about 
3,000,000 gpd . The average concentrations of chemica l s released to the ponds i n 1972 are sum
marized in Table II. 1-13. A new trench with a bottom area of 15,000 ft 2 is under construction 
and will replace the retenti on ponds by August , 1974. 

Three locations in the 300 Area discharge directly to the river. These discharge points are 
covered by a pennit application (shown in Appendix II . 1-D). These discharges incl ude 27,000 gpd 
of fil ter backwash from the 300 Area water treatment plant and 1,150 , 000 gpd of 331 Building 
f i sh pond effluent. The 309 Bu il ding drain discharges air conditioning water. 
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TABLE II. l-13 

NONRADIOACTIVE CHEMICALS RELEASED 

300 Area Process Pond - 1972 

337 

Volume Released 3 x 106 gpd cooling water at pH 7.8 

Chemical 
Chlorine 
Copper 
Iron 
Fluorides 
Nitrates 
Sulphates 
Chromium+6 
Uranium 

I I. 1.1 . 6. 2.3 Oil and Chemical Waste 

Average Concentration 
for 1972, porn 

12 . 0 
2. l 

0. 11 

2. 1 

61.0 
28.0 
0.011 

0. 130 

,,,,., 
- ..:. j 

At Hanford, approximately 23,000 gallons of nonradioactive contaminated waste oil from machine 
and automotive operations are generated annually (Table II. 1-14) and are used to stabilize dust 
on plant roads and parking areas. No other disposal is considered for this waste oil as dust 
stabilization is a necessary activity. 
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Approximately 450 gallons of waste oil contaminated with radioactive mater i als are generated 
annually . The oil is immobilized with absorbent material in areas and buried i n approved bur ial 
grounds. 

Gal/yr 
Non-radioactive 
Contaminated 

Contractor Used Oil 

BNW 100 

UNI 1160 

HEDL 6600 

ARHCO 13000 
JAJ 2200 

TOTAL 23060 

TABLE II.l-14 

DISPOSAL OF USED OIL 

Ga 1 /yr 
Radioactive 
Contaminated Disposal 

Used Qi l Method 

A 
250 B 
150 C 

A 
770 D 

A 

50 B 
A 
A 

450/770 8/D 

A. Use to stabi l i ze dust on plarrt roads and park i ng areas . 
8. Put in barrels wi th absorbent and buried. 
C. Put i n double containers with absorbent and buried. 
0. Used in solidificati on agent and shipped offsi t e 

Disposal 
Disposal Cost 

Cost Non-
Contaminated Contaminated 
Dollarsl;z:r Do 11 ars {. y_r 

43 .00 
200 .00 
500 .00 

240 .00 

-0-
1200 .00 

37.50 
520.00 

32 .00 

737. 50 2035 .00 

An additiona l 700 ga l lons of cutti ng oil , containing about 98% water and contami na t ed with ura
ni um, are used in concreting uranium scrap for disposal or offs ite shipment . Several installa
ti ons (100-N , 100-8, 100-K , 100-F Areas and 300 Area) along t he Col umb ia River use and store oi l 
and other potentially hazardous po ll utant chemica l s . However, spi l l preven ti on and control mea
sures are i ncorpora ted into the desi gn and operation of t he storage and hand li ng fac ilities so 
that exi sti ng controls would either prevent or l imi t the flow of t hese mater ials t o the river, 
thus present i ng no hazard to the public or the environment. 

Routi ne evaluat i on of water qual i ty upstream of N Reactor shows that the r i ver burden, i n tons 
per day, includes : 

Chemical Measured 
so4 
N03 
Cl 
Na 

TOTAL 

Daily River Burden 
(ton/day) 

4, 300 
130 
180 

_.1QQ. 

5,01 0 

Procedures have been defi ned to minimize the quant i ty of any acc idental spills of chemi cal s or 
fue l oil s. These include the following: 

• Control of fill i ng, discharge , i nspection, and maintenance of storage vessel s is to be 
accomplished by t r ained operators and vendors who follow precautionary operat i ng 
procedures . 
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• Complete records are to be maintained on all orders, receipts, and use of chemicals. 
Quantities, concentrations, laboratory analyses, delivery dates, costs, etc., are to 
be kept on all chemicals received. 

• Measurements are to be taken before and after vessel loading, with physical inspection 
of the vessels also to be made at that time. Once each year, a complete physical inspec
tion of chemical and oil storage vessels is to be made. Valves are to be inspected on 
a routine preventive maintenance schedule. 

• Equipment Maintenance Standards require an internal inspection of diesel fuel storage 
tanks and day tanks every 3 years. Since these tanks, if ruptured, pose the largest 
single potential threat to navigable water, this requirement is deemed to be preventive. 
In addition, the dikes for diesel fuel and the open trench at 100-N between the river 
and the tanks (to collect such a loss) are to be maintained as preventive systems . 

• Once each year, audits are to be made by a site Environmental Engineer to insure 
that inventory control requirements were met . These audits are to include review of 
records and physical systems as described above. 

Systems for preventing accidental spills into the Columbia River from operations at Hanford are 
built into the design, operation, and maintenance of the facilities. Although confident that a 
spill of oil and other potentially hazardous pollutant chemicals will not reach the river in 
amounts that represent a hazard to the public or the environment, the ERDA has maintained exten
sive procedures for many years for coping with any emergencies that might arise at the site , 
including such things as liquid spills. The procedures detail the actions to be taken and the 
requirements for internal and external notification. In the case of accidental spills to the 
river, the procedures require notification to downstream· water users and, as appropriate, 
Federal and State pollution control agencies, the Coast Guard, and the Corps of Engineers. 

Numerous potentially hazardous chemical substances, listed in Appendix II. 1-F, are in the 
200 Area waste streams. Several of these are discharged to the atmosphere as gases, including 
liquid nitrogen, carbon dioxide and aR1110nia. In addition, a portion of the nitric acid is dis
charged to the atmosphere as oxides of nitrogen. Fumes, mists and vapors from chemical makeup 
tank vents probably contain traces of most of the process chemicals listed. 

The aqueous chemical sewer streams contain varying amounts of all the process chemicals. Since 
many of these materials can be expected to interact in a dilute aqueous solution, prediction of 
all of the potential products is a formidable task. Oxidizing agents such as potassium per
manganate or sodium nitrite will react with materials such as ferrous sulfamate or hydrazine to 
form more stable compounds. Acids and bases will react to form salts. The vast bulk of these 
chemicals are retained in the process waste streams, so that the reaction products enter the 
underground waste tanks. 

II. 1. 1.6.3 Nonradioactive Solid Waste Disposal 

II.1.1.6.3.1 Toxic Waste [X.24] 

Toxic nonradioactive waste includes harmful chemicals such as beryllium, asbestos, mercury, 
carcinogens, cyanides, dichromates, cobalt, selenium, cadmium and arsenic. Beryllium waste is 
disposed of in the same manner as transuranic waste. Combustible toxic waste is disposed of by 
high-temperature incineration in small combustion chambers which are followed by dual scrubbers. 
Nonburnable solid or liquid toxic materials are packaged and buried in the 200 Areas ~n con
trolled areas. 

II. 1. 1.6.3.2 Pyrophoric Waste 

This waste category includes the alkali metals, phosphorus, hydrides, and finely-divided zirco
nium alloys. Alkali metals are stored under inert gas and are disposed of by burning at the 
3718-F Building in the 300 Area. Each of the others is separately stored in oil or liquids 
prior to conversion to nonpyrophoric oxides. 

II. 1. 1.6.3.3 Salvageable Scrap 

Salvageable scrap including lumber, metal turnings, and similar materials, plumbing parts and 
fixtures, electrical wiring, conduits and fixtures, and certain other building fixtures and 
materials are surveyed for radioactive contamination and if clean are collected in appropriate 
containers throughout the plant. Periodically these containers are transported to Central 
Stores excess yards where the salvaged materials are processed for public sale. 
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II. l.l.6.3.4 ~ 

Solid waste generated in offices, lunchrooms and laboratories throughout the plant i nc l udes 
paper products and food scraps , but excludes material contaminated with radioactive nuclides or 
noxious chemicals . The combustible dry waste is placed in portable conta i ners conven ientl y 
located at buildings housing personnel. This waste is determined to be approxi mate ly 90% paper 
products and i s 97% combustible . The waste volume is reduced by a factor of three by comp ac tion , 
and the reduced volume of waste is buried in a centralized sanitary landfil l facility operated 
by ARHCO . The total compacted volume for the waste is forecast to be 360, 000 ft 3/ yr . 

Il.1.1 .6.4 Sanitary Sewage and Industrial Waste (Future Plans) 

The sanitary sewage disposal quantities are anticipated to remain relativel y constan t over the 
next 5 years. 

II. 1.1. 6.4.1 200 Area 

The new 242-S evaporator will add approximately 1 bi llion gallons of water per year to the 
ground in 200-W Area for a period of approximately 3 years. A proposed evaporator wou ld dis 
charge a like amount of cooling water for the same period to the ground i n t he 200-E Area . 

I I .1 . 1. 6.4 . 2 300 Area 

Chemi cals f rom t he 300 Area fuel fabri ca t ion fac i l i ty (except for water ri nses and scrubbers ) 
are collect ed i n pl asti c tanks, neutralized and t ransported to 100-H Area and deposited in large 
concrete basins . Solar evaporation reduces the slurry t o a sludge which i s retai ned for possib le 
futu re recovery of copper and uranium. Thi s operation was instituted in 1973 on an i ntermitt ent 
bas is and will be fully operational in 1975. As a consequence of t his act i on , the concentrat ion 
of t he fo l lowing ions in the 300 Area process waste ponds is expected to be reduced by about 80%: 
chromium +6 , copper, fluoride, nitrate, and urani um. Since the uranium is t he pr i nc ipal radio
nuc l ide in the ponds, the radioact i vi ty is expect ed to be reduced by a simil ar amo unt. 

Changes in l aboratory operations are anti cipated as wo r k on t he Liquid Meta l Fa st Breeder Reacto r 
(LMFBR) program progresses . Among those changes is ins t allat i on of an alkal i met al cleaning 
facility wh ich will affect was t e water di scharged to the 300 Area process po nd sligh t ly. An 
increase i n volume of 215,000 ga l/month (0. 2% of current f l ow) and very s l ight i ncreases i n 
sodi lil! ion and sul fate i on concentrati ons are anticipat ed . 

II . 1. 1. 6. 4.3 400 Area 

Present plans include construct i on of a Rad i ati on and Repa i r Eng ineering Facil ity (RAREF) i n 
the Fast Fl ux Test Faci li ty. It i s estimated t hat t he RAREF wil l discharge up t o 40,000 gal lons 
of wa ter once every 3 weeks to t he 400 Area Leaching pond . The RAREF effl uen t wi ll be mon itored 
to ensure that i t is f ree of radioacti vity bu t wil l contain 10 mg/1 sod i um i on from non radioac
t i ve cl eaning operati ons. 

I I . 1.2 Environmental Measurements and Mon i toring Programs 

I I . 1.2.1 Operationa l Programs - Radiological [X.4, X.24, X.25] 

The Hanford Environmental Surveillance program is a multifaceted operati on, performing several 
di fferent tasks both onsite and offs i te. The primary tas k i s the computation of dose t o local 
population groups from all exposure pathways that may show the presence of rad ioact ivity from 
Hanford operati ons, in order to detennine canp li ance with ERDAM-0524 17 rad iat i on dose standard s . 
Measurement is made of the radionucl i de concentrations i n local air, wa t er and foodstuffs , 
along wi th di rect rad iation measurements. Ons i te and offsite mon i toring al so prov ide est ima tes 
of r ad iol ogical impacts on t he bi osphere , in additi on to providi ng indicat i on s of unusua l 
results or t rends which might i ndi cate loss of control of radi oacti ve waste di sposa l opera 
tions . A major groundwater mon i tori ng program also prov ides conti nu ing informat i on on move
ment of contaminants in the groundwater beneath t he si te . Waste disposal si tes , both active 
and retired , are monitored for any changes of condit i ons . 

The data collected are avai l ab l e in routi ne reports i ssued by the Env i ronmental Eva luat ion staff . 
Groundwater data and eva l uations are reported in the series , "Radiologica l Stat us of t he Ground
water Beneath Hanford Project for .•. 11 18 Data from l ocati ons within the plant boundari es are 
presented in the annua l "Environmental Status of t he Hanford Reservation for . . . " report seri es . 19 

Data from offsite locations are presented in the annual "Environmental Surveillance at Hanford 
for •.• " series of reports. 2·0 , 2 1 
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A summary of the Hanford Environmental Surveillance pro~ram i s given here; the comolete survei l 
lance schedule for CY-1974 can be found in BNWL-B-323, 2 with frequency and required analyses of 
all the samples taken. The bulk of the radioactive analyses are perfonned by the Un i ted States 
Testing Company, with the remainder being done by BNW. Table II . 1-15 i s a summary listing of 
the program. 

A quality assurance program is applied to the environmental sample collec t ion and eva l uation 
program. The sampling programs are designed to put emphasis on samples that are more signif i 
cant in estimating exposure or assessing contamination control practices. Frequent and mul t i ple 
samples or continuous monitoring are provided as part of the environmental evaluation program 
for these samples. For exposure pathways with little or no exposure potential, fewer samples 
are taken. The program is designed to provide a quality of sample collection or continuous moni
toring commensurate with the potential exposure. 

The majority of the routine environmental radioanalyses for the Hanford program are performed 
by the U.S. Testing Company in Richland, Washington. Analytical limits are specified in a ser
vices contract between U.S. Testing and ERDA. The term "analytical 1 imit" is defined as the 
concentration at which the laboratory can measure a radionuclide with an accuracy of =100% at 
the 90% confidence level given the required volume of sample material. The detection limit for 
a specific radionuclide varies with sample type, sample size, counting time, and amounts of 
interfering radionuclides present. The "analytical limits" represent upper bounds to the fluctu
ating detection limits . 

U. S. Testing maintains an internal qual i ty control program consisting of routine instrument 
calibration and background counts to insure the integrity of results. U.S. Testing also partici
pates in the Interlaboratory Comparison program of the Environmental Protection Agency involv
ing the analysis of several environmental media (milk, water, air, food, and soil ) and a variety 
of radionuclides of i nterest. A number of different environmental samples, containing known 
amounts of one or more radionuclides, are prepared and routinely distributed to all laboratories 
in the program. These laboratories perform the required analyses (three separate determinations ) 
and return their results to EPA for comparison with the known value and the results from the 
other laboratories. The results from the different laboratories should form a consensus around 
the correct value. In this manner, the program enables a laboratory to document the prec i sion 
and accuracy of their results relative to the other laboratories and to take any needed 
corrective action. 

Forty-four air samplers both onsite and offsite provide samples of airborne particulates rou
tinely analyzed for gross beta; samples from 15 of these locations are also counted for tota l 
alpha. These air samplers are composited in 13 different groups (by geographical sector ) for 
specific nuclide analysis on a monthly basis. In addition, 38 of these sampler locations are 
monitored for airborne 1 31 ! using charcoal cartridges. One tritium monitoring location is in 
current operation, with an increase in number of locations expected as site ooerations warrant . 

External penetrating radiation is measured at 64 locations, both onsite and offsite, using 
thermoluminescent dosimeters. The dosimeters are changed bi-weekly or monthly depending upon 
their location. External radiation is also measured with portable instruments at selected 
points on the shoreline of the Columbia River on a weekly or monthly basis. Exposure from pene
trating radiation from i1T111ersion is measured in the Columbia River upstream and downstream of 
plant facilities with the thermoluminescent dosimeters. A sensitive dose-rate monitor continu
ously measures the radiation level at the river water surface and includes an automatic alarm 
and safety features. 

Soil and vegetation samples are taken at 36 locations on an annual basis. River sediment 
samples are taken at two locations, also annually. The soil and vegetation are analyzed for 
uranium, 90sr, 239 Pu and are given a gamma scan for specific radionuclide identification. The 
sediment samples are sectioned and each layer given a ga1T111a scan. 

Surface water samples are taken from the Columbia River at several points, as well as from the 
wastewater ponds and ditches on the Hanford site. The Columbia Ri'ver measurements are made on 
three integrated and three grab samples. Drinking water samples are taken at Richland, plus two 
onsite location~. The river water integrated ,amples are analyzed for 3H, total beta, total 
alpha, 131 1, 239 Pu, and for specific nuclioes by ga1T111a scan. The river water grab samples are 
analyzed for 3H and total beta. The sanitary water integrated samples are given total alpha, 
total beta and gamma measurements. 

The groundwater is routinely measured22 at numerous wells for tritium and gross beta. Other 
specific radioanalyses are made at several locations. _Sampling frequency varies from monthly 
to semi-annually depending on the location of the well. In general, only the shallower, uncon
fined aquifer is sampl ed, but the deeper, confined aquifers are sampled at a few wells. 
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TABLE I I. 1-15 

ROUTINE ENVIRONMENTAL SURVEILLANCE SCHEDULE CY-1974 

WATER 

.. 
C 

Freguency(a) 

Type of Sample Type of Ana 1 ys is 8 D SW \./ SM M BM Q SA A 

Col1JT1bia River Water Radioactivity 

Chemical 
Biological 

Sanitary Water , 

Waste Water 

Groundwater Wells 

Fi 1 ters 
Charcoal Cartridge 
Tritium Cartridge 

Waste Disposal Sites 
Radiation Level 
Shoreline Survey 
Ground Control Plot 
Road Survey 
Aerial Survey 
Railroad Survey 
Milk 
Fi sh Columbia River 
Wi 1 d Fowl 
Mammals 
Soil 
Vegetation 
Foodstuffs: 

Meat 
Eggs 
Chicken 
Produce 
Oysters 

Radioactivity 
Chemical 

Radioactivity 
Biological 

Radioactivity 
Chemical 

Radi oacti vi ty 
Radioactivity 
Radioactivity 

Radioactivity 
Dose Rate 
Dose Rate 
Radioactivity 
Radioactivity 
Radioactivity 
Radioactivity 
Radioactivity 
Radioactivity 
Radioact i vity 
Radioactivity 
Radioactivity 
Radioactivity 

Radioactivity 
Radioactivity 
Radioactivity 
Radioactivity 
Radioactivity 

AIR 

OTHER 

4 

3 8 
4 

3 
2(b) 

10 
1 

2 2 
2 42 

15 29 
3 7 

1 

17 47 
1 18 
1 14 13 

7 

4 2 
1 

133 94 
139 77 

23 70 

12 4 
8 

3 

9 
3 

80 
35 
26 
26 

14 
1 

(a) Samples were taken continuously, daily, semi-weekly, weekly, semi-monthl y 
monthly, bi-monthly, quarterly, semi-annually or annually. 

(b) Samples routinely analyzed and reported by the Hanford Environmental 
Heal th Foundation . 

Selected fauna are sampled ons i te, with a frequency depending on the type collected and locat ion . 
Whitefish are collected from the Columbia River and samples are composited ~i -weekly, with ~ea
surements by garmta scan and specific analysis for 32P and 30sr . Deer, three collected during 
each hunti ng season, are analyzed for 90sr, 239Pu and gamma emitters . Rabbits, muskrats and 
mice as available are collected at the liquid waste disposal sites and are analyzed for 90sr , 
2 39Pu, natural uranium, and garrma emitters. Ducks, geese, and pheasant are collected along the 
Columbia River during hunting seasons; flesh samples are analyzed for 90 sr and gamma emitters . 
At wastewater ponds, ducks are collected during the year ; the particular analyses depend on the 
location where the samples were collected, but always include 90Sr and a gamma scan . 
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Foodstuffs are collected from local farms and conmercial establ i shments . Leafy green vegetables 
are col l ected during the growing season and are given a ganma scan plus a 30sr ana lysi s . Eggs , 
chickens, and beef are collected when available and gi ven the same ana lyses as l eafy green 
vegetables . Oysters from a c011111ercial source at Willapa Bay, Washington, are anal yzed by galTllla 
scan on an annual basis . 

Mi l k samples are taken at two grocery stores and at four local farm sources. The two commercia l 
sources get milk from different milksheds, one in eastern, the other in western Washington. 
These samples are collected bi-weekly at the farms and monthly from the conmerc ial sources. The 
milk i s analyzed for 131I, 90sr, and given a garrma scan. Cattle forage , hay, or pasture grass 
is collected with each milk sample but is only analyzed when other positive results suggest it . 

Potent ial surface contamination from Hanford operations is mon i tored by fou r different met hods . 
Forty-fi ve specia l ground plots are surveyed wi th a portable beta-gamma monitoring i nstrument 
(GM counter ) for changes in background measurements. All of the major Hanf ord roadways are mon i 
tored monthly for particulate contamination wi th a truck-mounted ganma sc i ntillator . The un it 
has a linear response to exposure rates over the range of l to 100 uR/hr wi th lower level dis
criminator set at 300 keV. The detection level at about 1 foot is 0.1 uCi of 131 Ba or 0.2 ~Ci 
137 Cs as point sources . Using the same detector , the railroad right-of-way i s mon i tored on an 
annual basis . An annual aerial survey, using sens i tive scintillation garrma monitoring instru
mentation, is made on controlled flight patterns around the site . 

In addi tion to the routine surveillance program, additional sampling and monitor i ng capab i l i ties 
~ are provided to the Hanford site in cases of unusual operating cond i tions or releases . As a 

minimum, the response includes an intensified sampling schedule plus additional samp l es for 
detailed analysis. 

A special aerial survey was made to determine whether aerial ganma surveys could adequately mea
sure the activity of high specific activity garrma emitters contaminating large surface areas . 
The survey successfully measured the 137Cs activity and the total gross garrana act i vity over 
areas from less than l km2 to 20 km2 • Also 2 41Am was successfully measured over areas wherein 
the 137Cs was sufficiently low. Microcuries per square meter was measured as low as 0. 1 for 
1 37Cs and Z41 Am. Other radionuclides such as 6 0co were also detected . An aerial neutron survey 
was tried, though its efficiency limited detection to areas having more than 10 kg pluton i um per 
4,000 m2 • 

As privately owned nuclear facilities increase operations at Hanford, the routine program wil l 
be modified further to provide additional information required to different i ate the effluents 
from the ERDA contractors and the private facilities . Typically these mod i fications to the pro
gram would be increased air sampling between the different facilities, external ganma dos imetry, 
and surface or groundwater sampling, if these media are involved. 

The states of Oregon 35 and Washington36 have maintained statewide radiological surveillance 
programs, including some measurements pertinent to Hanford operations . Included are sampling 
of Columbia River water, shellfish, milk from milksheds in adjacent count ies, groundwater near 
the WNP-2 reactor site, and more recently, ambient radiation measurements in the ci ty of Rich
land. Published reports of the results of these activities in general confirm results reported 
from the Hanford surveillance program. 

II . 1. 2.2 Operational Programs - Ecological 

Prior to the government acquisition 30 years ago of the land area known as the Hanford Reserva
tion essentially no data was available concerning the ecology of the area. St. John and Jones 
in 1928 published an annotated list of the vascular plants of Benton County and provided a gen
eral description of major vegetation types in relation to soil and topography. 

Studies of local aquatic populations and potential radiation effects began at Hanford under the 
sponsorship of the Manhattan Engineering District before the first reactor was in operation . A 
broad spectrum of ecological studies, both aquatic and terrestrial, continued on a greatly 
expanded basis under the AEC. With some exceptions, these studies were of limited duration and 
were pursued more for general scientific knowledge than for strict application to the Hanford 
site. In the course of this work, however, a mass of ecologically-relate~ data accumulated that 
not only provides baseline information but also is used to guide the biological sampling portion 
of the radiological program. 

Continuing ecologically-oriented monitoring programs under the ERDA are at present concerned 
with the censuses of waterfowl onsite and of salmon spawning beds in the Columbia River within 
and adjacent to the site boundaries. These programs are expected to continue indefinitely. 
Examples of current studies of more limited duration are included on the following pages. 
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II. 1.2.2.1 Aouatic Ecology 

II. 1.2.2.1.1 Columbia River Studies 

Anadromous Fish 

Since 1947, the Columbia River from Richland to the vicinity of Priest Rapids has been surveyed 
from the air to estimate the size of the salmon spawning population in this area. 23 ,24 A number 
of factors influence the population changes observed since 1947 . In general, the number of 
spawning chinooks in this reach of the river increased until 1969 after which they fell off 
slightly in 1970 and 1971, quite markedly in 1972 and increased again in 1973. These studies 
were instigated to determine if the Hanford operations adversely affected this population . The 
greatest increase occurred during the time the most reactors were in operation, but there is no 
evidence that this increase was the result of Hanford activities. 

Radionuclide Decline 

When the last plutonium production reactor was shut down in January 1971 .(except for the dua l 
purpose N Reactor), a study was initiated to investigate the decline and retention of Hanford 
produced radionuclides in the Columbia River ecosystem. Radionuclide .:oncentrations i n most 
segments of the ecosystem declined quite rapidly compared to previous years where the single 
eass reactors were in operati~n. Continuing studies reveal the virtual disappearance of ~6 sc, 
04Mn, and 137Cs in the biota and the presence of extremely low levels of 60 co and 65 Zn. 25 , 26 
Studies are in progress to describe the cycl i ng of these elements in the food-web . Laboratory 
studies are being conducted to examine 1) the uptake and retention of radionuclides by periphy
ton from the water and 2) the transfer of radionucl ides from the sediments into the water and 
periphyton. 27 , 28 

II. 1.2. 2. l.2 Radioactive Waste Pond Studies 

Gable Mountain Pond 

Ecological studies in Gable Mountain Pond were initiated in 1972 to define the potential for 
offsite movement of radioactivity via the aquatic food- web . The body burdens of radionuclides 
in controlled popuiations of goldfish and waterfowl are being measured to obtain the levels and 
rates of radionuclide accumulation. The spatial distribution of radioactive mater i als in the 
pond sediments is also under investigation. Over 85% of the gamma radioactivity is i n the upp er 
2 inches of sediments, with 137Cs accounting for over 90% of this activity. 

U Pond 

The distribution of 239 Pu and 241 Ant is being studied in the aquatic biota in U Pond, which has 
received low-leve l process ing waste for more than 30 years . Initial efforts are being made to 
measure the levels of these transuranics in the sediments, water and in the benthic, plank t on , 
and nektonic c011111unities. To establish the current ecology of this pond, a number of limnologi 
cal parameters are being measured including temperature, pH, dissolved oxygen, alkalinity, 
insola ti on, water transparency, and primary producti vi ty. Sampling i s based on a statistical 
blocki ng design which will allow for analyses of variance, regression, and corre lati on of the 
radioecological and limnological data. 

II . 1.2.2.2 Terrestrial Ecology 

Ecological measurement and monitoring programs are expected to continue on the Hanford Reserva
tion. The ALE Reserve provides a place for l ong term studies of the dynamics of secondary plant 
succession and related changes in animal populations. Studies aimed at estimati ng primary pro
ductivity in climax and seral pl ant c011111unities will also measure environmental variables such 
as precipitation, soil moisture, air and soil t emperatures and the deta il s of mineral uptake by 
plants and transfer to animals. The ALE Reserve wil l continue to play an important role in 
evaluating the long t erm response of plants and animals to induced environmenta l stresses such 
as cattle grazing, added increments of moisture , selective herbicides , fires , and ionizing radia
tion to selected components of the shrub steppe ecosystem. 

Terrestrial ecology studies at Hanford relevant to management and storage of radioactive was te 
include the following list, several of which are discussed subsequently: 

• floristic and faunistic lists of important biota 

• identification of rare and endangered species 
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• mapping of major plant COITITiunities 

• seasonal migration patterns of waterfowl use of the Columbia River and ponds 

• successional trends in plant conmunities' response to fire and plowing and other kinds 
of soil disturbance 

• tagging mule deer fawns to determine the dispersal patterns from the Hanford Reservation 

• population dynamics of Columbia River Canada Goose populations 

• primary productivity and mineral uptake by plants from soil in climax and seral plant 
corrmunities 

• population dynamics of rodent populations 

• the abundance and role of microorganisms and invertebrate fauna in the steppe ecosystem 

• food webs of the steppe ecosystem 

• uptake of radionuclides by plants from soils in field conditions. 

II.1.2.2.2.1 Radionuclide Behavior in Experimental Field Plots 

Small field plots treated with 137Cs and 90sr in 1962 and 1954 respectively 5 3 were observed for 
movement of radionuclides downward into the soil profile and for determining the uptake of radio
nuclides from soil by crop plants and associated weeds. 

Over the years, 90Sr moved downward to depths of 10 inches while 13 7Cs is mostly confined to 
the surface inch or two. After 18 years, the nuclides are still available to plants . These 
studies are continuing to ascertain the long-term effect of aging and weathering on radionu
clide uptake by plants and the rate of movement in the soil profile. 

II. 1.2.2.2.2 Ionizing Radiation, LDso; 30 , Doses to Small Ma1T1Tials 

The LDso/3b doses of acute ionizing radiation were determined for the small ma11111als (mice and 
moles) characteristic of the Hanford Reservation; values range between 500 and 900 rads. The 
great basin pocket mouse is the most radioresistant while the grasshopper mouse is the most 
radiosensitive. 

II. 1.2.2.2.3 World Wide Fallout on the Hanford Reservation and Surrounding Area 

Radionuclides derived from nuclear weapons tests are present in small quantities and ubiaui
tously spread over the land water surfaces of the earth. The accumulation of fallout :31cs in 
the steppe plant corrmunities of the Hanford Reservation is about five times less than forest 
communities in the nearby Cascade Mountains. Studies of fallout have value in assessing envi
ronmental radioactivity associated with waste management practices as compared to adjacent areas 
without nuclear facilities. 

II. 1.2.2.2.4 Population Dynamics of the Canada Goose 

The nesting success of the Canada Goose has been documented for a quarter of a century. Over 
the years the number of nesting pairs of geese has fluctuated, but at Hanford the hatchability 
of eggs is currently as high or higher than areas without nuclear facilities. Studies of the 
Canada Goose are continuing and will provide a valuable base for ecological monitoring involving 
power reactors presently being constructed on the Hanford Reservation. 

II. 1.2.2.2.5 Use of Waste Ponds by Ducks and Geese 

Waste ponds on the Hanford Reservation are attractive to migratory flocks of ducks and geese . A 
surveillance of transient populations indicates that mixtures of species including puddle and 
diving ducks and fish-eating ducks regularly use the ponds during autumn months. As many as 
1100 ducks and geese rest · on the ponds on a particular day. The role of ducks and geese in 
transferring radionuclides from waste ponds offsite is a part of the aquatic studies program. 

II. 1.2.2.2.6 Laboratory Studies that Support Field Surveillance 

The uptake of plutonium, americium, curium and neptunium by plants from soil, especially plants 
that are co1T1110n in waste management zones, are studied in the laboratory. The uptake of these 
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radionuclides in decreasing order is Np> Am> Cm> Pu; however, this order can be changed by 
changing the chemical form of the nuclides. Generally, tumbleweed accumulates mo re radionu
clides than cheatgrass. 

II. 1.2.2.3 Hydrology [X.18] 

II.1.2.2.3.1 Columbia River 

Surface water samples are taken from the Columbia River at Vernita, 100-F Area, 300 Area, North 
Richland and Richland, as well as from the wastewater ponds and ditches on the Hanford site. 22 
The Columbia River measurements are made on four integrated and two grab samples weekly. Drink
ing water samples are taken at Richland, plus two onsite locations. The river water integrated 
samples are analyzed for 3H, gross beta, gross alpha , 131 !, 239Pu, and for specific nuclides by 
garrma scan. The river water grab samples are analyzed for 3H and gross beta. The sanitary 
water integrated samples are given gross alpha, gross beta and gamma measurements. 

River flow rates are obtained from continuous USGS river stage measurements at a gauge station 
irnnediately downstream from Priest Rapids Dam. The river elevations are available immediatel y 
onsite via telemetering. Continuous temperature monitoring is also done at the Priest Raoids 
gauge station and by telemeter at Richland. Water quality measurements on the Columbia River 
water samples include pH, dissolved oxygen, turbidity, colifonn, enterococci, BOD, and nitrate 
ion, (Table II.1 -15 ). State Water Quality Standards29 are applicable to the Hanford reach of 
the Columbia River (Appendix II.1-G, Part 2) . 

Surface water monitoring data and discussion are presented in the annual "Environmen tal Status 
of the Hanford Reservation for CY-1972" 19 and the annual "Envi ronmenta 1 Survei 11 ance at Hanford 
for CY-1 972" report series. 20 , 21 

II . 1. 2.2.3.2 Groundwater 

The periodic hydrological measurements on the groundwater system of the unconfined and confined 
aquifers consist of water quality analyses, water level measurements and water temperature pro
file logging. Water quality analyses are made on semiannual samples from six ·..iells on the 
Reservation . Water level measurements are made quarterly at about 330 wells on the Reservat i on 
covering both the unconfined and uppennost confined aquifer. Water ta ble maps for the uncon
fined aqui fer are prepared from these measurements, as in Figure II . 3-15. Temperature logs of 
the wells are made at intervals that average 5 years apart . Figure II .3-18 shows the latest 
groundwater temperature distribution measured. 

The groundwater is routinely measured22 at numerous wells for tritium and gross beta . Other 
specific radi oana lyses are made at several locations. Sampling frequency vari es from monthly 
to semiannually depending on the location of the well. In general , only tne shallower, uncon
fined aquifer is sampled, but the deeper, confined aquifers are sampled at a few ·,iells. Ground
water data summaries, contamination maps, and evaluations are reported in the series, "Radio
logical Status of the Groundwater Beneath Hanford Project for .. . " 18 

Water quality measurements of the unconfi ned and confined aquifers are obtained routinely by 
ut ilizi ng test wells on the Hanford Reservation. Maps of the nitrate ion concentration near the 
surface of the unconfined aquifer are regularly published. (The map for 1973 appears in Fig
ure II.3-17.) Since the nitrate ion is not absorbed on the soil, the extent of wastewater move
ment is shown, thus indicating where radionuclides contained in the wastewater should be found. 
In Figure II . 1-68, the major plume is from the 200 Areas disposal operations. However , plumes 
are also beneath the 300 Area and emanating from the 100-N Area. The plume at the 100-F Area 
is presumably from continued disposal of BNW Animal Lab waste . The isolated plume south of 
100-N and east of 100-K Area is probably due to previous reactor operations. A residual nitrate 
background of up to 6 mg/l iter in the groundwater north of Gable Mountain and Gable Butte is due 
to pre-Hanford operations agricultural activities. Similarly, occasionally detectable nitrate 
ion i s in the groundwater between the Yakima River and the Columbia River. 

In 1973 Atlantic Richfield Hanford Company authorized an independent review of the surveil lance 
program in hydrology . 5~ Detai ls of the recently completed review are contained in 
Appendix II.3-0. 

II.1.2.2.4 Meteorology 

The principal onsite meteorological monitoring program is operated at the Hanford Meteorology 
Station (HMS). This station is centrally situated on a plateau of the Hanford site at an eleva
tion of 733 ft MSL (Figure II.l-71). Other onsite meteorological monitoring programs were con
ducted for limited periods. 
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FIGURE II. 1-71 HANFORD METEOROLOGICAL SENSOR FACILITIES 

II . 1.2.2.4.l Hanford Meteorology Station 

Records have been kept at the HMS from 1944 to the present. 30 The data include standard surface 
observations as specified in Federal Meteorological Handbook No. 131 as· well as other measurements 
specifically taken to describe the atmospheric diffusion climatology of the Hanford site. 

This monitoring program includes eight levels of wind measurements and ten levels of air tempera
ture measurement from a 410-ft steel tower. Surface observations of temperature and humidity are 
taken about 75 feet northwest of the tower. About 1500 feet west of the tower is a pyranometer, 
a precipitation gauge, and an instrument shelter with maximum and minimum thennometers. Table 
11 .1-16 shows current (1973) sensor height infonnation for the HMS. 

At the HMS site, upper level wind measurements have been made by the standard pilot balloon
theodolite method (Pibal) for over 25 years. Some of these observations are sU11111arized for 
climatological use. Pilot balloon data are presently taken twice a day at 1200 and 2400 PST. 
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TABLE II.1-16 

INSTRUMENT HEIGHT LOCATIONS 

Surface 
(ft) Tower Levels (ft) 

Instruments 3 7 20 50 lQQ. 150 200 250 300 350 400 
Humidity X 

Wind Speed 
and Direction X X X X X X X X 

Air Temperature X X X X X X X X X X 

With the exception of precipitation, all instrumentally measured parameters are recorded on 
charts at the HMS. These data are transferred to computer punch cards as hourly averages, where 
appropriate, and transferred and stored on magnetic tape from which data surrmaries are tabula ted 
as required. 

II . l .2. 2.4.2 Arid Lands Ecology (ALE) Reserve Meteorological Data 

The ALE Reserve comprises approximately 120 square miles located along the north and northeas t ern 
slopes of Rattlesnake Mountain. Since March 1968 to the present , and on a continuing and expand
ing basis, BNW has been recording various climatological data on ALE with t he types of instruments 
currently in use listed 32 as : 

Soil temperature: 

• Weathenneasure two-point thermometers, mercury in plastic sensors 

• Kahlsico two-point thermometers, mercury filled bulb sensor 

Air temperature and relative hu_midity: 

• Bendix-Friez standard hygrothennographs 

• Weathermeasure standard hygrothennographs 

Precipitation : 

e Taylor visual gauge , 5-in . capaci ty 

• Weathenneasure propane-heated tipping bucket recorders 

II . 1 .2.2.4 . 3 Hanford Radio-Telemetered Automatic Weather Station Network 

A ten-station* network of radio-telemetered automatic weather stations is i nstalled and conti nu 
ously operated on the Hanford Reservation, with approximately 10-mile spacing between stations . 
Meteorological parameters measured are wind speed and direction, and temperature. The central 
station prograrrmer and data acquisition equipment are housed at the HMS . Th i s network is ooer
ated primarily as a real time infonnation base for accident assessment capabilities, although 
data from the network were used in several studies (Figure II.1-71). 

II.l.2.2 .4.4 N Reactor Meteorological Tower System 

A second fully instrumented mi crometeorology tower system is operated by UNI . This tower i s 
located about 8 miles north of the HMS and is about 300 feet lower in base elevati on . The 
data system33 consist of a central station near the control room of the N Reactor and a remote 
station near the river bank approximately 450 feet northeast of the 100-N Area exclus ion fence . 

The remote station comprises .a 300-ft tower, sensors, digitizing electronics, and a mi crowave 
transmitter. Four boom levels are on the tower : near the surface and nominally at 50 , 200, and 
300 feet. Each boom supports a horizontal wind-speed sensor , a horizontal vane s l ight ly above 
the boom, and an aspirated platinum resistance temperature detector slightly below. All senso rs 
have essentially a 5-secorid time constant . The placement of all sensors is shown in 
Table II.1-17. 

* The actual number of stations in operation has varied during the history of the operation. 
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TABLE II.l-17 

SENSOR HEIGHTS WITH RESPECT TO BASE 

Nominal Level Wind 1 SQeed and Azimuth TemQerature 

Surface 8.0 ft 5 ft(a) 

50 ft 51 . 5 ft 48.5 ft 

200 ft 201.5 ft 198.5 ft 

300 ft 301.0 ft 298.0 ft 

(a) Actually approximately 4 feet above ground surface 
directly below sensor. 

The central station consists of a microwave receiver, demodulating and timing electronics, data 
fonnatting circuits, real-time data displays, and an incremental digital tape recorder. The 
real-time data displays include analog meters, strip printer and a nixie data display. A digital 
clock monitors the timing accuracy of the system. 

II. 1.2.2.4.5 . Washington Public Power SuQply System Nuclear Plant No. 2 

The WPPSS Nuclear Plant No. 2 (WNP-2) site is located about 15 miles ESE of the HMS . Since 
March 1972 to the present, and on a continuing basis, WPPSS has been recording meteorological 
data including wind direction, wind speed, temperature, and relative humidity. The WrlP-2 site is 
equipped with a three-cup anemometer and vane as well as primary and redundant instrumentation 
for measuring dry bulb temperature and relative humidity. 

WPPSS is erecting a 240-ft (70 m) meteorology tower from which humidity, and wind data will be 
recorded on a pennanent basis. The meteorological Data Recording System will consist of an 
array of tower mounted sensing instruments, a group of continuously operating strip chart record
ers, a magnetic tape recorder and supporting power supplies and controls. The variables and 
their location to be measured are: 

Wind speed at 240 feet aboveground (100 m) 
Wind direction at 240 feet 
Wind speed at 33 feet (10 m) 
Wind direction at 33 feet 
Wind speed at 7 feet (2 m) 
Wind direction at 7 feet 
Air temperature difference between 33 and 240 feet 
Air temperature difference, 7 to 33 feet 
Air temperature difference, 7 to 240 feet 
Ambient air temperature at 240 feet 
Ambient air temperature at 33 feet 
Ambient air temperature at 7 feet 
Dew point temperature at 7 feet 
Precipitation at ground level 
Wind direction sigma at 240 feet (tape only) 
Wind direction sigma at 33 feet (tape only) 
Wind direction sigma at 7 feet (tape only) 

II.1.2.2.4.6 Fast Flux Test Facility (FFTF) 

An onsite wind speed and direction measurement system is operated at the FFTF located about 
17 miles southeast of the HMS at an elevation of approximately 550 feet MSl. This consists of a 
Weather Measure Sensor system #Wl034 mounted on a 13-ft mast. 
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II.2 ANTICIPATED BENEFITS 

The Hanford facilities were designed, built, and originally operated to produce plutonium for 
nuclear weapons. The waste management programs initially established were the first in the 
world to cope with massive quantities of radioactive materials and were established under condi 
tions of expediency during time of war. Since that time, a continuing research and development 
program has provided new technology and new waste management equipment and materials. Through
out all programs, a prime concern has been the isolation of radioactive materials from man's 
environment. Today large quantities of radioactive waste exist which cannot prudently be aban
doned. Therefore, waste management in some form is required. Waste to be generated by the 
projected operation of N Reactor and Purex will not add substantially to the current total inven
tory. Discontinuing N Reactor and/or Purex plant operations would not alter the need for a 
continuing radioactive waste management program. 

The anticipated primary benefit from the Hanford Waste Management Operations is to continue 
isolation from man's environment of the already generated and yet to be generated radioactive 
materials. New technologies and new equipment are added to the Hanford waste management facili
ties, as practicable, to reduce even further the amounts of materials released to the environment . 
The waste management programs provide manpower and facilities to perform research and development 
not only for the long-term disposal of Hanford generated waste, but also for the nuclear power 
industry. Also, the operation of the Hanford waste management program makes possible production 
of plutonium for the U.S. defense needs, Research and Development, and provides steam to the 
Washington Public Power Supply System for the generation of 860 megawatts of electricity for the 
Northwest power pool . The waste management activities also support a variety of ecological and 
biological studies on the movement of radionuclides in the environment . 

In addition to the benefits of providing improved technologies for future waste management 
programs, extensive technology in monitoring and evaluating the movement of radioactive materials 
in the environment was and is being developed at the Hanford site. Particularly, instrumentation 
to measure minute tracer quantities of materials in air, water, and soils were developed and are 
being used to identify transfer mechanisms of r~dionuclides between various components in the 
environment. Specific attention is paid to such factors as bioconcentration, particle resuspen
sion, absorption factors in the hum~n body for various modes of radioactive material i ntake, 
and related data that permits complete evaluation of the radiological consequences of the Hanford 
waste Management Operations. Benefits from all of this work during the past 30 years are avail
able and are being used directly by the private power industry and by those interested in moni
toring and evaluating environmental pollution and environmental control practices. 
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I I. 3 CHARACTERIZATION OF THE EX I STING ENVIRONMENT 

II.3. 1 Plant Location 

The Hanford site covers approximately 570 square miles located in the Pasco Basin, a semiarid 
region of southeastern Washington State in the rain shadow of the Cascade Range. This section 
of the State has a sparse covering of natural vegetation primarily suited for grazing, although 
large areas near the site have gradually been put under irrigation during the past few years. 
Most irrigated farms near the Hanford site obtain water from the Yakima River or from the 
Columbia River . 

The Hanford Reservation boundaries lie between 46° 18' and 46 ° 48' north latitude and 119° li' 
and 119° 52' west 1ongitude1 mostly within Benton County, with portions of Franklin and Grant 
Counties also included. The Columbia River flows through the northern edge of the Hanford site 
and forms part of the eastern boundary. The western-most boundary is approximately 30 miles 
due east of Yakima, Washington, while the closest population center, Richland, Washington , is 
located about 3 miles from the most southern portion of the boundary. 

II.3.2 Reaional Demography 

The 1970 estimate of the population distribution varies from 160,000 to 250,000 people within a 
SO-mile radius of three separate points within the Reservation boundaries . These points are : 

• the Hanford Meteorological Station (HMS) located between the 200 East and 200 '!lest Fuel 
Reprocess i ng Areas 

• the 100-N Reactor Area 

• the 300 Laboratory and Fuel Fabrication Area. 

Figure II.3-1 shows the 1970 U.S. Census Populations of nearby communities with the circ l e of a 
SO-mile radius from the HMS superimposed. Estimates have been made for 1973, 1977 , 1981 and 
2000, 2 - 7 based upon 1970 census information, current birth rate trends, and an estima t e of net 
migration into or out of the state as economic and employment opportunities change over the 
forecast period. The forecast does not reflect the population expansion which would result 
from the creation of a nuclear park or a more intensive utilization of nuclear energy for power 
generating and other purposes. It is assumed that the Hanford Reservation will remain under 
the control of the U.S. Energy Research and Development Administration (ERDA) and that no 
persons will reside within the Reservation boundaries. The population residing in the un i ncor
porated area was calculated on the basis of population dens i ty in t he port i on of a spec ifi c 
census district within the site area . This assumes an even distributi on of popu lati on th rougnout 
the unincorporated areas of each census district . I t was further assumed that the rate of 
population growth was the same for both incorporated and unincorporated areas. 

In 1970, an estimated 246,000 people were living within a SO-mile radius of the HMS~ 227,000 wi th
i n SO miles of the 100-N Area; and 162,000 within 50 miles of the 300 Area . The distribution of 
this popu lati on appears in Figures II.3-2, -3 and -4, and also in Appendix II.3-A, 0 art l with 
the projected populations to the year 2000 . 

II.3 . 3 Land Use 

Before the arrival of Europeans, the native Indian tribes lived largely on fish from the Columbia 
Ri.ver and on natural plant products. The earliest use by white immigrants of the Hanford site 
was for stock-grazing in a seasonal pattern. In the f irst decade of the twentieth century, 
several small, privately-irrigated farms were put into cultivation. The Hanford Irr igation 
Project, taking water from the river above Coyote Rapids (upstream from 100-K Area ) , supp li ed a 
small but f l ourishing irrigated orchard and farm economy along the river as far downs t ream as 
t he Hanford townsite until the government purchased the land to construct the Hanford Eng i neer i ng 
Works . 
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FIGURE II.3-2 ESTIMATED GEOGRAPHIC DISTR IBUTION OF THE 1970 
POPULATION (246,000) WITHIN A SO-MILE RAD IUS 
OF THE HANFORD METEOROLOGICAL STATION 

FIGURE I I. 3- 3 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 
1970 POPULATION (227,000) WITHIN A SO-MILE 
RADIUS OF THE 100-N AREA 
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FIGURE II .J-4 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 
1970 POPULATION (162,000) WITH IN A SO-MILE 
RADIUS OF THE 300 AREA 

The nature and extent of present land use is discussed here on the basis of arcs described from 
t he HMS . Land areas included in a 50-mile radius from the other two site areas are also covered . 3 

Figure II . 3-5 is an aerial photograph in which the general pattern of agricultural usage is 
visible as the darker, regular-shaped areas. 

Figure II.3-6 shows the Hanford site map with sector markings overlaid. Starting from a l i ne 
directly north from the HMS. the 0- to 10-mile zone is entirely within the Hanford site boundaries . 
The area south of the Columbia River is under ERDA control and is a limited access area. Land 
north of the river is controlled by the Bureau of Sport Fisheries and Wildlife as a game refuge . 
All of this zone between the 0- and 150-degree radials is limited access area under control of 
ERDA. Most of the zone between the 150- and 270-degree radials consists of the Arid Lands 
Ecology (ALE) Reserve. which is also limited access ERDA land under the control of Battelle. 
Pacific Northwest Laboratories. Between the 270-degree radial and the starting radial, land 
south of the Columbia River is ERDA-controlled limited access while north of the river the game 
refuge is again encountered. 

Again starting from the 0-degree radial, the 10- to 20-mile zone is a continuation of the game 
refuge with some areas open for fishing, shotgun and bow hunting during daylight hours. Further 
north. this zone includes the eastern-most portion of the Wahluke Slope and the Saddle Mountains. 
Between the Wahluke Branch Canal and the Columbia River. the zone consists of lands in the 
Columbia Basin Project which are irrigated or are being developed for irrigation. The area west 
of the river is limited access Hanford site. Leaving the site boundary, the land is mainly 
unirrigated land used for grazing cattle and sheep. South and west of the Columbia River. in 
the vicinity of Priest Rapids Dam, is the U.S. Army Yakima Firing Range which is undeveloped, 
unpopulated land. Northwest of Priest Rapids Darn and Reservoir is the Wahluke Slope portion of 
the Colwnbia Basin Project. This area is partially irrigated with the rest (outside the Hanford 
Reservation) expected to be irrigated in the next 10 years. 
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FIGURE II . 3-5 AGRICULTURAL USAGE OF 
THE HANFORD SITE 

The 20- to 30-mile zone on the 0-degree radial is no r th of the Saddle Mountains and is irrigated 
farmland, part of the Columbia Basin Project . (The es timated percent of acreage by crop i n all 
irrigated areas within a 50-mile radius of 100-N Area is presented in Table II .3-1.) The area 
from lower Crab Creek to northwest of Othello is generally undeveloped . From Othello south to 
the Columbia River, the land is irrigated farmland. On the west side of the river is the city 
of Richland . West from Richland, the 20- to . 30-mile zone includes the Yakima River and the 
towns of Prosser, Sunnyside, Grandview and Mabton. Land along the Yakima River is primarily in 
orchard use. Higher land away from the valley floor is used primarily for grazing livestock 
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with some l and used for grain croos . At approximatel y the 270-dearee radia l, the Yak ima F!ring 
Range is again encountered. At 320 degrees is the Gingko Petrified Forest , a registered natural 
1 andmark. 

FIGURE II.3-6 HANFORD SITE LAND USE 

At the 0-degree radial, the 30- to 40-mile zone consists of an undeve loped area of saaebrush ano 
sand dunes. At 20 degrees, the Potholes Reservoir, a recreation area surrounded by sand dunes, 
is loca ted south of Moses Lake. Between 30 and 50 degrees, thi s zone encomoasses a maj or Jortion 
of the Columbia Bas i n Irrigation Project. At approximatel y the 130-degree radia l, the Columbia 
River is encountered, with the city of Pasco on the north side and the city of Kennewick on :he 
south s1oe . South and west of Kennewick, the 30- to 40-mile zone runs south of the Hors e Heaven 
Hills. Although this land is primarily used for dry-land wheat faming, there are about 
88 sections (56,320 acres) where permits have been granted for private i rrigation deve lopmen t . 
Crossing the Horse Heaven Hills, the zone includes part of the Yakima Va lley containing the 
t owns of Granger, Toppenish, Zillah and Wapato. This land is largely in orchards and othe r 
truck crops, with livestock grazing at the higher elevations. Northeast of Yakima is the vakima 
Firi ng Range, eas t of which lies irrigated farmland of the Columbia Basin Project . 

At the 0-degree radial, the 40-mile radius to the 60-mile radius includes the t owns of Eohrata 
and Soap Lake; also included is the southern end of Grand Coulee, a national landmark. The land 
is primarily range l and with some irrigated farmland around Soap Lake. The town of Moses Lake i s 
in this zone at approximately the 20-degree radial. Between the 20- and 90-degree radials is a 
la rge portion of land planned for irrigation development as a part of the Columbia Basin Projec: . 

. ~t approximatel y 70 degrees between the 45- and 60-mile radius, the land is used for nonirrigated 
•,iheat production. Between the 90- and 120-degree radials and extending to the 75-mile racius, 
the land is used for nonirrigated wheat production. An exception is the area at the confiuence 
of the Snake and Columbia Rivers where private irrigati on projects are underway. The 40- to 
60-mile zone also includes the town of College Place and part of Walla Walla. Mov i ng west ana 
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south, the land is irrigated along the Walla Walla River and produces alfalfa and sugar beets. 
Land on both sides of the Columbia River below McNary Dam hold private irrigation projects 
totaling approximately 345 sections (220,800 acres). Between the 200- and 260-degree radials, 
the land is very rugged and, for the most part, undeveloped. At the 260-degree radial, the 
Yakima Valley is entered with the city of Yakima at 270 degrees. Crossing the Umtanum Ridge and 
the Manastash Ridge, the Kittitas Valley is entered. This is an area of both irrigated and dry
land fanning and cattle production. At 330 degrees, a portion of the Wenatchee National Forest 
is found . 

TABLE I I. 3-1 

ESTIMATED PERCENT OF ACREAGE BY CROP IN THE 
IRRIGATED AREA WITHIN 50 MILES OF THE 100-N AREA 10 

1962-1968 

Crop 

Alfalfa Hay 
Wheat 
Sugar Beets 
Potatoes (late) 
Pea Seed 
Ory Beans and Edible 
Irrigated Pasture 
Potatoes (Early) 
Silage 
Barley 
Corn for Grain 
Alfalfa Seed., 
Corn , Sweet (Processing) 
Peppermint 
Oats 
Other Hay 
Clover, Seed (All Kinds) 
Peas, Green (Processing) 
Beans, Lima (Processing) 
Speannint 

II.3.4 Water Use [X. 18] 

Percent of 
Total Acres 

30 . 26 
15 .36 
7. 92 
5.84 
5. 61 
5. 58 
5.37 
3.07 
2 .41 
2.40 
2.11 
1.81 
1.63 
1. 17 
0.85 
0.76 
0. 74 
0 . 71 
0. 40 
0. 27 

Crop 

Apples 
Lentils 
Onions, Ory 
Mixed Grain 
Radish Seed 
Asparagus 
Canta 1 oupes 
Carrots 
Cherries 
Grapes 
Merion Blue Grass Seed 
Nursery Stock 
Orchard Grass, Seed 
Pears 
Rutabagas 
Rye 
Sorghums 
Soy Beans 
\~a tenne 1 ons 
A 11 Others 

Percent of 
Total Acres 

0.24 
0.20 
0. 20 
o. 18 
0.13 
0.11 
o. 10 
o. 10 
0.10 
0.10 
0.10 
0.10 
0.1 0 
o. 10 
0.10 
o. 10 
o. 10 
o. 10 
0.10 
3. 37 

An estimated 200,000 acre-ft of water are taken annually from and near the Columbia River within 
50 miles of the 100-N Area. This estimate is based on the best ava il able source of data for 
wells and surface water pumpage. However, these are "paper water rights" and are therefore 
estimated to be twice the actual pumpage, even though not all of the wells in actual use are 
listed. Water rights received after 1969 are not reflected, and not all of the people who have 
been pumping ground and surface water have applied to the state for water rights. However, the 
data give an adequate upper limit to current water usage for 50 miles downstream of the 
100-N Area . (Details of this data, taken from records of the Department of Ecology , State of 
Wash ington, Spokane, Washington, are available in Appendix II.3-A. ) 

In the next 65 miles of downstream flow, the Columbia River forms the border between Washington 
and Oregon. Private irri gation development is extensive on both sides of the river . La nd which 
is now irrigated or expected to be irrigated in the next 5 to 10 years totals approximately 
277,000 acres . Assuming that all of this land were put into a high water use crop such as 
alfalfa, an es ti mated 1,155,000 acre-ft or 372 billion gallons of water would be required each 
year during the normal irrigation period (April to October). 11 , 12 , 1 3 In comparison, the annual 
average river flow is about 87,000,000 acre-ft. 
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II.3.5 Historical and Archeological Sites and Natural Landmarks [X.18] 

The National Register of Historic Places 1* currently lists three historical sites within approxi 
mately 50 miles of the Hanford site . These are : 

• Marmes Rockshelter , located 1 mile north of Lyons Ferry on the west side of t he 
Palouse River, Franklin County 

• Olmstead Place State ?ark, 4 miles east of Ellensburg, near the Kittitas Highway, 
Kittitas County 

• Whitman Mission National Historic Site, 6 miles west of Walla Walla , off U. S. 41 0, 
Walla 1-lalla County. 

The National Registry of Natural Landmarks 15 lists two sites which are within 50 miles of the 
Hanford site : 

• Gingko Petrified Forest, located in Kittitas County 29 miles east of Ellensburg 

• Grand Coulee, located in Grant County between t he towns of Grand Coulee. and Soap Lake . 

Many archeological sites of significance are found in the Hanford area. 16 ' 17 The Columb i a River 
shoreli ne, from Vantage in the north downstream to Umatilla, is rich with Indi an artifacts. Many 
camps i tes and f i shing grounds within the Reservation boundary were traditiona l ly used as wintering 
areas from prehistoric times until the area was evacuated in 1943. Registered archeo log i ca l 
s i tas within a SO-mile radius of the HMS are identified in Figure II . 3-7 ; the majority of t hese 
sites 1 i e c 1 ose to· the Co 1 umbi a and Snake Rivers . (Some of these sites a re described i n 
Appendix I I. 3-A. ) Large portions of the land area at greater distances from the rivers have 
never been surveyed for archeological sites. 

N 

FIGURE II.3-7 NUMBER ANO LOCATION OF KNOWN ARCHEOLOGICAL SITES WITHIN A 
SO-MILE RADIUS OF HANFORD METEOROLOGICAL STATION 
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The Columbia River was one of the most densely inhabited regions in aboriginal North America, 
and its inhabitants possessed one of the most interesting lifeways of the continent. With the 
exception of the sites located on the Hanford reach of the Columbia, evidences of this lifeway 
have been virtually erased. Therefore, the remaining sites assume great significance and are 
being evaluated. Field exploratory work is being conducted by Dr . D. r,_ Rice, an archaeolog ist 
fonnally from Washington State University, under a research grant. 

Other natural landmarks in the area, which are not of national significance , i nclude the Saddle 
Mountains immediately to the north. This range of hills running east-west includes Sentinel 
Mountain (2,625 feet) and Wahatis Peak (2,969 feet) . The Columbia River, which flows through 
the northern portion of the Hanford site and then along the eastern boundary, provides another 
natural landmark as do the White Bluffs rising 200 to 300 feet along the eastern shorel i ne. The 
southwestern edge of the Reservation is marked by the Rattlesnake Hills and Rattlesnake Moun tain 
(approximately 3,400 feet). Gable Mountain and Gable Butte , within the Reservati on , are a 
marked geological feature. A parallel series of northwest-southeast trending ridges, notab ly 
Yakima and Umtanum Ridges, extend from the Reservation boundary to the foothills of the Cascade 
Range . Several major dry coulees open into the Reservation on the eastern boundary and in part 
serve as natural drainage channels from irrigated lands. 

II.3.6 Geology(a) 

Geology is the study of the origin and development, through natural processes, of the earth. 
When the geologic formations are adequately unders tood, t he variati ons in their chemical and 
physical properties take on an identifiable pattern and become logically expl ai nab le. The 
permeability , transmissivity, effec ti ve porosity, and exchange capacity of the formations and 
their component units are the principal parameters affecting the disposal of radioactive liquid 
waste to the ground. Those p·arameters vary apprec i ably from formation to formation and within 
formations, but are predictable once the nature and extent of the formational units are under
stood. Consequently,values for those parameters often can be estimated even where specif ic 
measurements have not been obta i ned or cannot readily be obtained. Conversely, when data 
("samples" of the area) are obtained and values calculated, the geologic information oft en 
permits a determination of the validity of the value and of how representative it may be of the 
formationa l unit. 

Study of the geological history and development of an area often identifies operative but not 
obvious processes that may affect various activ iti es. For example the past history of and 
proj ected reoccurrence of earthquakes, landslides, climatic changes , floods, volcanic eruptions 
and comparable natural catastrophes may become clear. Therefore, the geology of the Hanford 
Reserva ti on i s of interest in evaluating the overall safety and suitability of storage of radio
active waste on the Reservation. 

Eastern Washington is dominated by the Columbia Basin geologic prov ince, the northernmos t 
extension of the Col umbia River Basalt Plateau . 18 The basin , encompassi ng about 50,000 square 
miles of southeastern Washington and adjacent parts of Idaho and Oregon , is under lain by the 
vast fie ld of flood l avas of the Columbia River Basalt Group . Today those lavas and the ground 
surface generally di p radia lly inward toward the Pasco Bas i n, which is the near-centra l , physio
graphic low of the larger Columbia Basin. 

The Pasco Basin evidently was formed by slow and prolonged subsidence concomitant with fill i ng 
of the basin by basaltic lavas. 19 Inauguration of uplift of the northern Cascade Range, possibly 
15,000,000 years ago, probably combined with basining in south-central Washington to divert the 
ancestral Columbia River from a westward course to the ocean to a south-westerly course into and 
through the Pasco Basin. 

Basaltic lavas were emitted largely peripheral to the basin. At least the latter ones advanced 
into the bas in f rom a probably dominantly southeast source , 20 forcing the Columbia River west
ward. Continued downwarping resulted in a return of the river to the basin center . Developing 
volcanicity, accompanying the southward progression of uplift of the Cascades and the beginning 
of uplift of the anticlinal r i dges in southern Washing ton, resu lted i n an increasing accumulation 
of volcanic debris, es pecially in the synclinal valleys . As the ridges rose, they were periodi 
cally buried by vo lcani c debris from the Cascades and the northwestward advancing lava flows. 
Ultimately the anticlines rose too high and locked the Columbia River into the Pasco Basin. The 
latest basalt flows then were emitted from local fissures into the lowest points of the Basin. 21 

(a) Appendix II.3-B provides a more detailed description of the geology of the Hanford 
Reservation. 
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At least some faults formed probably as an early phase of deformation.: 2 Once the axes of 
tectonic activity developed, folding predominated . Faults, though common in the region, are 
largely restricted to the anticlinal ridges, showing minimal evidence of recent offs et and 
apparently reflecting stress relief where folding was insufficient for that release. 2 ' A 
southward progression of uplift also appears to have occurred in central Washington with the 
more northerly anticlinal ridges (Umtanum Ridge and Saddle Mountains ) rising earlier than those 
t o the south (Horse Heaven Hills).19 

The Horse Heaven Hills in time rose to obstruct the Columbia River course from the Ca scades to 
the Blue Mountains. A flattening of gradient of the river caused the deposition of the sediments 
of the Ringold Formation, ultimately to an altitude of about 1000 feet. Then the Columbia Ri ver 
began to incise its channel through the Horse Heaven Hills at a rate faster than uplift . Once 
the Columbia River base level was lowered, the river eroded the Ringold Formation sediments 
beneath the Hanford Reservation and developed a land surface that sloped gently from an altitude 
of about 600 feet on t he west to 400 feet on the east . 24 On this surface a thick deposi t of 
cal i che developed, attesting to the then semi arid climate. 25 

Late in the Pleistocene epoch, catastrophic floods emanated from glacial Lak e Missou la and other 
glacier-dammed l akes and repeated ly scoured the Pasco Basin. The floods stripped much of the 
eolian silt and underlying caliche from the bas in and left a series of i nterconnec ti ng channels, 
resembling the Channeled Scabland, carved into the Ringold Formation surface beneath the Han ford 
Reservation. 24 

Two of the floods were gigantic by any standards, involving about 500 cubic miles of wa ter with 
a calculated maximum flow rate between 9 and 15 cubic miles/hr . The first of these floods is 
dated at 18,000 to 20,000 years ago and the second at about 12,000 years ago .: 6 Evidence suggests 
that t he ear li er flood rose to 1,200 feet above mean sea level and the latter to abou t 900 feet 
above sea level, the result of hydraulic damming in Wallula Gap and downstream constricti ons. 

Aggradation resulting from the floods reached a level of about 700 feet altitude in the bas i n 
center where the effective width is greatest and the water was most slowed . The deposits are 
generally graded, both vertically and laterally . The coarsest sediments are in the nor thern 
reaches of the Reservation. Finer sediments prevail southward in the wider parts of the bas in, 
with the finest sediments on the basin margins and on the flanks of the enc losing hills . The 
deposits of each flood also tend to be finer-grained upward, reflecting the decreased veloci ty 
of the flood waters as they ponded. 

The sediments coarsen toward Wallula Gap, where the water velocities were again greater because 
of the basin's narrowing cross sectional profile and because of the volumes of water, including 
the Snake River, entering the Pasco Basin at downstream points. The basin fill there accumu
lated to a maximum altitude of about 500 feet. 

Subsequent to the deposition of the basin f il l sediments, the Columbia River cut its way across 
the Reservation, shifting generally northeastward as it lowered its base level and its grade . 
Estimates of its lateral rates of shift range up to a foot per year. Today residual channels 
cross the northeast part of the Reservation attesting to that shift. In the process of eastward 
shifting and concomitant with down-cutting, several benches or terraces were modified. They are 
best displayed in the southern part of the Reservation south of the Hanford Wye road juncti on . 
There, the uppermost terrace lies at an altitude of 500 to 540 feet and the lower at 400 to 
440 feet, with the escarpment or boundary between the two paralleling the Columbia River and 
about 4 to 5 miles from the river . 

Subsequent to the river shift, wind action established two sets of dunes that now cross both 
t erraces indiscriminately. The first set forms a belt that extends from the junction of Cold 
and Dry Creek Valleys to a point halfway to the Yakima Horn, thence east-northeast inmediately 
north of the Hanford Wye road junction to the Columbia River. There a belt four miles wide i s 
formed irtmediately south of the Hanford townsite to a point opposite Ringold on the east bank of 
the Columbia River. The dunes evidently originated in Cold Creek Valley by deflation of the 
valley and wind transport of the sands to the east-northeast. 26 

The second group of dunes focuses on the area between the Yaki ma Horn and North Richland, with 
the dune belt dying out to the northwest and southeast. The dunes trend northeastward. Their 
eastward convergence with the more northerly belt indicates a somewhat different direction of 
the prevailing winds at different locations. To a large extent this is topographic control, due 
to the presence of wind gaps and anticlinal ridges in the wind's path. 

Both sets of dunes evidently developed 4000 to 8000 years ago in the dry and warm climate of the 
Altithennal geological interval and have in part stabilized as a result of subsequent climatic 
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changes. 26 They also attest to the continued eastward migration of the Columbia River and to 
the lack of its presence on the Ha nford Reservation in the time since dune emplacement. Otherwise, 
the dunes would have been breached. 

The eastward shift of the Columbia River evidently is continuing in the northern reaches of the 
Reservati on. Thus the northern reaches of the White Bluffs (north of the Ha nford townsite ) are 
be i ng act ively undercut. Landslides into the Columbia River have occurred and will occur as the 
bluffs are oversteepened . 

II . 3.7 Seismology(a) [RPB, X. 4, X. 18] 

Eastern Washington is in a region of low to moderate seismicity lying between the western 
Washington and western Montana zones of considerably greater seismicity. 27 , 2 8 On the basis of 
the damage that has been experienced since 1840, the U.S. Coast and Geodetic Survey (ESSA ) 
designated eastern Was hington as Zone 2 se ismic probability, implying the potential for moderate 
damage from earthquakes . Periodic revisions between 1948 ( the date of first issuance of the 
risk map) and 1969 did not change the potential for eastern Washington, although damage poten
tial s for other parts of the country were upgraded (Figure l! . 3-8). Currently western Washington 
and western Montana are in a Zone 3 category, implying the risk of considerable damage . The 
categories are incorporated in the Uniform Building Code . 

c::::J ZONE 0 

c::::J ZONE 1 

- ZONE2 

- ZONE3 

FIGURE II.3-8 SEISMIC RISK MAP 

Hanford facilities are exposed to the possibility of earthquake damage from two sources: l) the 
active seismic zones of western Washington and 2) closer shocks originating in the seismic zone 
that includes Walla Walla . However , the underlying sands and gravels in the Hanford Reservation 
provide excellent protecti on against damage . As far as can be determined, earthquake inten
sities greater t han four on the Modified Mercalli Scale (MM-IV) have not assuredly occurred i n 
the immediate Hanford area, although intensities as high as MM-V or MM-VI were observed at 
surrounding towns. 29 

The strongest shock of historic record to occur in western Washington was the 1949 earthquake 
originating in the Puget Sound channel just off Steilacoom, about 150 miles from Hanford. 
Intensities from MM-VI to MM-VII were experienced at distances of 150 miles. 29 Four shocks in 
western Washington between 1932 and 1946 had maximum intensities of MM-VII. 

(a) Appendix II.3-C provides a more detailed description of the seismology of the Hanford 
Reservation. 
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The eastern Washington earthquakes occurring in historic times have not been as intense as those 
in western Washington. r.or as frequent. In 1936, the Walla Walla area experienced an MM-VII 
shock . In 1934 at Ellensburg and in 1957 near Othello, nseismic Swanns" of small shocks occurred . 
An intensity of MM-VI was reachEMi in some of these. but the shocks were highly localized. The 
closest felt earthquake of historical record occurred at Corfu, 31 miles north of the 300 Area. 
in 1918. Goods fell from shelves and small landslides reportedly occurrEMf. 30 

The great Alaska earthquake of 1964 and recent shocks in western Washington were not fel t as 
strongly at Hanford as in surrou~ding localities. Moreover, Hanford i s not located in a histori
cally active seismic zone (Figure II.3-9). These. considerations indicate that the area is one 
of the safest in the state. 
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For building purposes, the Hanford area was included in Zone 2 in the seismic probability map 
adopted as part of the Unifonn Building Code by the International Conference of Building Offic ials. 
It implies the potential of only moderate damage as deduced from the historical record . The 
seismic risk maps are based upon the worst damage that has been experienced; in most cases this 
has occurred on poorly consolidated and saturated sediments. Hence , a lesser damage potential is 
indicated for sites utilizing less earthquake-responsive ground. In compensation, the maps 
consider a historical record of about 100 years, during which the low population density of the 
area may have resulted in there being no record of some minor quakes and certainly no damage. 
The true earthquake potential then may be somewhat higher or lower than suggested by the Seismic 
Risk Map. 

The U.S . Geological Survey has been actively engaged since 1968 in perfonning seismic research 
on and surrounding the Hanford area. The monitoring devices provided were considered as the 
best state-of-the-art instrumentation required to monitor microearthquakes and crustal movement . 

This research includes three basic activities: 

• A ne~Nork of 32 seismometers strategically located from the Oregon-Washington border south 
of the Hanford Reservation to Grand Coulee Dam north of the Hanford Reservation. The 
seismometer network provides continuous. real time surveillance of seismic activity within 
the grid established by the network. The infonnation is telemetered to either the USGS in 
Menlo Park, California, or the University of Washington in Seattle . Interpretative efforts 
by the seismic authorities at these locations identify any trends in seismic activity which 
may disclose "fault 1 ines" if they exist. 
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• Trilateration measurements are perfonned between 17 benchmarks to measure crustal 
motion. The initial base data were developed 3 years ago, ~ith additional measure
ments at 6 months, 12 months, and 36 months from that time. 

• Tiltmeters are installed at three locations on the Hanford Reservation . 
of equipment provide continuous geographic coverage of crustal motion. 
telemetered to Menlo Park for interpretation . 

These pieces 
The output i s 

Figure II.3-9 shows t he active earthquake zones in Washington deduced from ear t hquake ac tivity. 
East of the Cascades the trends are largely north-south, parallel to the Cascades , ar. d div ide 
the state into separate geographical , structural and tectonic provinces . 

In eastern Washington, clearcut relationships of epicenters to specific surface fau lts or 
structures capable of faulting are not yet recognized. The suggested low rate of tecton ic 
defonnation for more than 10 million years 19 does not indicate any cause for concern . Much of 
the stress resulting from the continuing low rate of tectonic defamation appears to be dissi
pated from random epicenters along joints and bedding planes. 

On the assumption that an MM-VII quake (magnitude 5. 5) were to occur at the northwes t end of the 
Rattlesnake-Wallula fault zone, ground acceleration of 13% g could be expected beneath mos t of 
the Hanford Reservation . 31 A design basis of 25% g on the Hanford Reservati on t hereby all ows 
for an MM-VIII intensity quake (magnitude up to 6. 8) for an eart hquake epicentered at the same 
site. No such quake has ever been recorded in eastern Oregon or Washington . 

The siti ng of nuclea r facilities over t he syncl i nal t roughs assu res t he maxi mum dis t ance from 
al l hypothesized faults capable of earthquake generat i on. If, in addition , the Ri ngo ld Fonna tion 
and Pasco Gravels are compact and undisturbed, the site is certain to pose few prob l ems . An 
appreciable to high degree of conservatism appears present by acceptance of the MM- \/ r II qua ke 
(magni tude 6.8) and the resulting 25% g acceleration for facil i ty design purposes . 

II.3 . 8 Hydrology(a) [RPS, X.18, X. 25] 

I I. 3. 3.1 Surface Water 

The surface water bodies l ocated within the boundaries of the Hanford Reservation cons ist of th e 
Columbia River, vari ous ditches and ponds i n and nea r t he 200 Areas and three ponds located i n 
t he 300 Areas (Figure II . 3-10). Two ephemeral streams , Cold and Dry Creeks, appear for a short 
t i me only after heavy rainfall or snowmelt. The Yakima River borders part of t he Reserva t ion 's 
southern boundary . 

II . 3. 8.1.1 Columb i a Ri ver 

The river reach from Priest Rapids Dam (ri ver mil e 397 ) to the head (approx imatel y r i ve r mil e 351) 
of t he reservoir beh ind McNary Dam i s the las t free-flowing reach of the Columbia River within 
t he Un i ted States. The ma i n channel is braided around the island reaches, and submerged roc k 
ledges and gravel bars cause repeated pool i ng and channel i ng. The riverbed materi al is mob ile , 
dependent on river velociti es ; it is typically sand, gravel, and rocks up to 8 i nches i n diamet er . 
Smal l fracti ons of silts and clays are associ ated with the sands i n areas of low veloci ty 
deposition, becoming more dominant approaching the upstream face of each river dam . 3z, 33 ,

3
~ 

The Columbia River in this reach has widely varying flow rates due to regulati on by the power 
producing Priest Rapids Dam just upstream (Figure II.3-11) . Flows during the summer , fal l and 
winter vary from a l ow of 36,000 cubic feet per second (cfs) to as much as 160 , 000 cf s each day. 
The long-tenn annual average flow at Hanford is about 120,000 cfs, 35 but during low flow periods , 
dail y f lows average 80,000 to 90,000 cfs . The mean annual flow rate for 1972 at Hanford was 
159,500 cfs. In recent years, peak flows during the spri ng runoff have ranged f rom 160 ,000 to 
550, 000 cfs; the maximum fl ood peak of record is 693,000 cfs i n 1948. 

The river wi dth in t he Hanford reach varies between 400 and 600 ya rds depending upon fl ow ra te 
and pos iti on along t he river. 36 The depth at the deepest part of t he measured cross-secti ons 
vari es approximately from 10 to 40 feet, wi th an average arounrl 25 feet . Da il y fluctuati ons i n 
depth caused by Priest Rapids regulation can be as much as 10 feet above Vernita and 5 feet at 
Hanford. The maximum velocities measured vary from less than 3 feet per second (fps ) to over 
11 fps, agai n depending upon the river cross- section and flow rate . 

(a) Appendix II . 3-0 provides a more detaile<i description of the hydrology of the Hanford 
Reservation. In 1973 Atlantic Richfie ld Hanford Company authorized an independent review , 
recently completed, of the hydrology program. 
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FIGURE II.3-10 SURFACE WATER AREAS ON HANFORD SITE 

Temperature measurements of the Columbia River have been continuously recorded both above and 
bel ow the Hanford Reservation for many years. Fi~ure II.3-12 shows the temperature data just 
below Priest Rapids Dam and at Ri chland for 1-972. 7 The maximum daily temperature for 1972 was 
l9 .3°C (66.7°F) . The annual average was l0.9°C (51.6°F} below Priest Rapids Dam and 10. l °C 
(50.2°F) at Richland. The maximum river temperature of record at Priest Rapids was 20.7°C 
(69.3°F) in August, 1958. The annual mean temperature for 1960-69 was 10.8°C (51 . 4°F) . 
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Sarrrp1es for chemical analysis are taken routinely at Priest Rapids Dam, at Vernita, the 300 Area . 
and at Rich1and. 38 Table II . 3-2 gives annual Stllll'lilries of this data for 1972 at the Pries t Rapids 
location. A study39 on the effect of reactor effluent on chemical qual i ty of the water includes 
analyses of river sarrrples taken semimonthly at Vernita (downstream of Priest Rapids Dam but 
upstream from the Hanford Reservation) and within the Hanford boundaries but downstream of 
reactor effluent discharges . Statistical comparison of the mean sample values showed no signifi
cant differences at the 90% confidence level in any of the species except hexavalent chromium. 

TABLE II.3-2 

AVERAGE CHEMICAL CONCENTRATIONS IN THE COLUMBIA RIVER AT PRIEST RAPIDS DAM, 
OCTOBER 1971 TO SEPTEMBER 1972 

Chemical Concentration Chenical Concentration 
Calcium 19. (mg/.e.) Anlllonia Nitrogen .07 (mg/ 2. ) 
Magnes i um 4.3 (mg/ .e.) Nitri te . 006 (mg/ 2.) 
Sodi um 2.1 (mg/.e.) Nitrate .26 {mg/.2.) 
Potasium 1. 4 (mg/.e.) Ortho-Phosphorus . 013 (mg/.e.) 
Chromium o (a) Total Phosphorus .037 (mg/ i ) 
Copper 2. 6(a) (µg/i) Total Alkalinity 59 . (mg/ £.) 
Lead a.o(a) (µg/.e.) Hardness 66 • (mg/£.) 
Tota 1 Mercury o. 9 (al ( µg/ .e.) Non-Carbonate Hardness 06 .8 (mg/ .e.) 
Zinc 32 . o{a) (µg/ .e.) Specific Conductance 158 . (micro-ohms) 
Bicarbonate 72. (mg/.e.) pH 7.8 {units) 
Sulfate 13 . (mg/.e.) Dissolved Solids 107 . (mg/£.) 
Chloride 1.5 (mg/ .e.) Color 15 . (Platinum -
Kjeldahl Nitrogen .29 (mg/.e.) Cobal t units) 

(a) partial data on ly 

II. 3.8 . l.2 Yakima River 

The Yakima River is a small river with annual flow rates between 1,300 and 20,000 cfs. This 
river passes near the borders of the Hanford Reservation on the southern side . It is of litt le 
importance to the Hanford operations since no direct water withdrawal or disposal is made. 
However, its entrance into the Columbia River at Richland diverts the main river away from the 
southern shore from the mouth of the Yakima to Kennewick. Past Horn Rapids, the Yakima River 
loses water conti nually through its bed and banks until it joins the Columbia River . 

Continuous flow data in the vicinity of Hanford are available from a water stage recorder located 
at Kiana {approximately 20 miles west of Richland). Data from this station show a minimum and 
maximum flow of 1,420 cfs and 20,200 cfs, respectively for 1972. The mean flow for 1972 was 
6, 696 cfs. 35 Water quality measurements are routinely made on the Yakima River at Kiona . 37 

II.3.8. 1.3 Ponds and Ditches 

The Hanford Reservation contains a number of man-made ditches and ponds which are used for the 
disposal of low-level radioactive liquid waste, certain industrial waste, and cooling waters from 
various processes. (A complete list of these ditches and ponds, together with physical dimensions 
and radioactive inventory, is included in Appendix Il.1-C, Part 2.) 

Besides these man-made ponds, one natural pond, West Lake, exists (also shown in Figure II . 3-10). 
The size of thts pond is a direct function of the elevation of the groundwater in that area; the 
average size is about 10 acres. No waste is being discharged to this pond. 

11.3-16 



The 300 Area ponds receive manufacturing process and cooling water from fuel fabrication pro
cesses and small amounts of laboratory waste, including waste from the 331 Building laboratories 
and effluent liquor from the animal pen septic tanks (Figure II.3-10). Sanitary waste from 
laboratory, office, and manufacturing facilities is routed to a septic tank, with overflow to 
leach trenches. No intennediate- or high-level radioactive waste is routed to any of the 
300 Area ponds. 

II.3.8.2 Water Below the Surface [RPB, X. 18] 

II.3.8.2.1 Background 

The subsurface of the Hanford Reservation is underlain by various geologic units having widely 
different water-bearing properties (Appendix II.3-0). The rock types include: unconsolidated 
silts, sands, and gravels; semiconsolidated lake and stream sediments; and dense basalts with 
interbeds separating individual flows. From a hydrologic standpoint the most permeable horizons 
are the sands and gravels of the Upper Ringold Formation and the Pasco Gravels. The water table 
over the western portion of the Hanford Reservation lies at the top of the Ringold Formation. 
However, between the high terrace plateaus and the Columbia River, the water table rises above 
the Upper Ringold and intersects the overlying Pasco Gravels . 

Above the water table lies the unsaturated or vadose zone. Any waste that percolates into the 
subsurface within the 200 Areas of the Hanford Reservati on must flow through a thick secti on of 
unsaturated glaciofluviatile sediment prior to reaching the water table. Waste-soil interactions 
in the unsaturated zone result in maximum sorption of radionuclides in this zone and minimum 
migration of radionuclides to the water table below. 

The uppermost aquifer (water-bearing formation) lies between the water table and the silts and 
clays of the Middle and Lower Ringold Formation. In general, groundwater in these unconsolidated 
and semiconsolidated sediments occurs unde~ unconfined or water table condit ions, although 
locally confined zones exist. Some semiconsolidated gravels and sands are locally found in the 
Lower Ringold Formation. These beds ·are usually separated from the overlying unconfined aquifer 
by a layer of silt and clay of variable thickness. These sands constitute the up permost confined 
aquifer . 

The Ringo l d Formation overlies a warped and severely deformed layer of basalt. The Columbi a 
River basal t series has, in general, a saucer-shaped synclinal structure. It is an accordantly 
layered sequence of flows which were extruded as highly fluid lava in Miocene and early Pliocene 
time . Narrow zones of rubbly, permeable scoria somewhat similar to flow breccia occur at the 
top of a few flows and may be quite perm~able . Some of these permeab le zones i n the basalt may 
constitute rather good confined aquifer systems . 

During the past 30 years, wells have been drilled at Hanford through all the above-mentioned 
forma tions: t. o 

• for water supply 

• to provide quantitative data for evaluating the chemical and physical properties 
of the underlying material 

• for measuring the hydrological characteristics of the various sediments 

• for foundation engineering design 

• for monitoring waste disposal facilities 

• for monitoring the radiological s.tatus of the groundwater . 

Figure II . 3-13 shows the location of the wells currently ava il able for hydrological measurements. 

The aquifers in the Hanford Reservation have been studied extensively using data from existing 
wells, predictive mathematical studies, and regional hydrologic studies. All these data have 
been used in preparing the subsequent sections. 
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II.3.8 . 2.2 The Unconfined Aquifer [X. 18] 

The unconfined aquifer consists of both glaciofluviatile sand and gravel deposits and t he Ringold 
si lts and gravels. Since these materials are very heterogeneous, often greater l i tholog i c 
differences appear within a given bed than between beds. The aquifer bottom i s the basa l t bed
rock in some areas and silt/clay zones of the Ringold Formation in other areas . The impermeable 
boundari es of t he unconfined aqu i fe r within the Hanford Reservat i on and vicinity are the Ratt l e
snake Hills, Yakima Ridge, and Umtanum Ridge to the west and southwest. Gable Mounta i n and Gable 
Butte , as well as other small areas of basalt outcrop above the water table, also impede t he 
groundwater flow . The Yakima River recharges the unconfined aquifer along its reach from Horn 
Rap i ds to Richland. The Columbia River forms a hydraulic potential boundary wh i ch is mainly a 
discharge boundary for the aquifer. However, the groundwater flow from l to 3 miles in l and from 
the Columbia River is affected by seasonal river stage fluctuations . 41 The fl ow pattern t ha t 
originally prevailed in the unconfined aquifer prior to waste discharges was pr imarily to t he 
eas t and northeast with discharge into the Columbia River (Figure II .3-14 ) . Natural recharge 
occurs at the foot of Rattlesnake Hills and Yak ima Ridge. Surfi cial flow sin ks into the floor of 
the valley at the foot of and parallel i ng Rattlesnake Hills . Probabl y , the underf low is to a 
grea t extent interrupted by a buried extension of Yakima Ridge which pa ralle l s Ra t tlesna ke Hills 
at a distance of about 2 miles and which rises above the water table . 
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The regional water table is largely within the Ringold Formation and to a lesser extent in the 
Pasco Gravels. Geologic work 42 has pointed to the existence of highly permeab le sediment on 
portions of both the northern and southern flanks of Gable Mountain. A filled erosional channel 
southeastward from the western side of Gable Mountain toward the Columbia River permeable zones 
parallel the river. 

In 1944, before waste operations at Hanford began (Figure II.3-14), the hydraulic grad ient i n all 
but the south-westernmost portion of the Hanford Reservation was about 5 feet/mile. By 1975, 
plant discharges had created two mounds in the vicinity of the 200 West and 200 East Areas. 
Waste disposal raised the water table in the ~echarge sites and altered the existing hydraulic 
gradient. Today, groundwater flows radially outward from the mounds under the influence of an 
average gradient of about 30 feet/mile in the 200 West Area and 15 feet/mile in the 200 East 
Area . The water table has been raised 75 feet at the 200 West mound and 20 feet at the 200 East 
mound. Other local groundwater mounds formerly existed at each reactor site along the Columbia 
River. The mound at the still active 100-N Area is the only one of these remaining. A minor 
recharge mound exists under the 300 Area. The 1975 water table map is shown in Figure II.3-15. 
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The natural recharge due to precipitation over the lowlands of the Hanford Reservation is not 
measureable since the evaporation potential during the surrmer months greatly exceeds total 
precipitation. Data on migration of moisture from natural precipitation in deep soils (below 
30 feet) show movement rates less than 1/2 in./yr at one measurement site. 4 3 • 44 • 45 

To hydrologically describe an aquifer, four parameters need to be considered. These are: 

• hydraulic conductivity: a quantity having the units of velocity that relate the 
flux of groundwater to the hydraulic gradient 

• aquifer thickness: the thickness of permeable sediment lying between the water 
table or an upper confining bed and a lower confining bed 

• effective porosity: the fraction of porous media capable of transmitting water 

• storage coefficient: the volume of water that a unit decline in head releases from 
storage in a vertical column of aquifer of unit cross-sectional area. 

For an unconfined aquifer, the storage coefficient approaches the effective porosity. Therefore , 
to describe the unconfined aquifer underlying the Hanford Reservation, measurement is needed of 
the hydraulic conductivity, aquifer thickness and storage coefficient. 

Qualitatively, the hydraulic conductivity and storage coefficient distributions are a function of 
the different geologic formations in the unconfined aquifer . Ancestral Columbia River channels 
incised in the Ringold Formation are filled with more permeable glaciofluviatile sediments. 
Channels of permeable sediments have been identified 46 • 104 and are reflected in the groundwater 
flow pattern of the region. 

Quantitative measurements of the hydraulic conductivity were made at several locations over the 
Hanford Reservation using a variety of techniques. 46 ' 4 7 ' 4 8 Excluding clay zones, the values 
obtained for the Ringold Formation range from 10 to 700 ft/day. Hydraulic conductivities of 
glaciofluviatile sediments range from 1,000 to 12,000 ft/day. The hydraulic conductivity distri
bution has been obtained using pumping test data and information from driller logs. As noted in 
Appendix II.3-0, the results of these studies agree well. 48 • 105 

Storage coefficient values can be measured in the field by using pumping tests. For unconsoli
dated sediments, the storage coefficient ranges between 0.05 and 0. 3. However, few measurements 
of the storage coefficient have been made to-date at Hanford. 47 A pumping test program to 
produce these measurements is presently underway. The bottom of the unconfined aquifer has been 
determined throughout the Reservation using data from wells. Figure II.3-16 shows a map of the 
unconfined aquifer bottom. The surface depicting the aquifer bottom corresponds to basalt bed
rock in some areas and silt-clay zones of the lower Ringold Formation in other areas. 

Predictive models and regional studies use the data discussed above to predict the fate of any 
waste that may reach the water table. Radioactive contaminants are convected in the direction of 
groundwater movement upon reaching · the water table. 

Thus, the site of infiltration is of critical importance in evaluating the fate_ of any radioactive 
waste that gets into the groundwater. Ultimately, all groundwater in the unconfined aquifer 
flows i~to the Columbia River except for that small amount which is lost to the atmosphere by 
evapotranspiration. 

The chemical quality of the groundwater in the unconfined aquifer is measured semiannually at 
seven locations. Sodium, calcium, and sulfate ions are measured as well as pH. Water from wells 
in the 300 Area is analyzed for chromium and fluoride ions associated with fuel manufacturing 
operations. Nitrate ion, which is a waste product from the manufacturing and chemical separa
tions operations, is monitored over the entire Hanford Reservation. Maps of the nitrate ion 
concentration near the water table of the unconfined aquifer are published semiannually. The map 
for 1973 appears in Figure II.3-17. 52 Since the nitrate ion is not sorbed on the soil, the map 
indicates the direction and the extent of wastewater movement. 

The temperature of the groundwater in the unconfined aquifer has been measured on an intermittent 
basis. Figure II.3-18 shows the distribution of the groundwater surface temperature under the 
Reservation for January 1974. Local thermal anomalies may be caused by vertical flow within a 
well casing. At one time, reactor groundwater mounds contained water on the order of 70-90°C. 53 

The residual heat from these mounds can be seen in Figure II.3-18 under the northern part of the 
Reservation. 
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FIGURE 11.3-18 GROUNDWATER TEMPERATURES AT THE SURFACE OF THE UNCONFINED AQUIFER 

The radiological status of the groundwater near the top surface of the unconfined aquifer is 
monitored regularly and reported semi annually. The gross beta (ruthenium) plumes and the tritium 
plumes are shown in Figures 11.3-19 and II . 3-2O for 1973. 52 The major trends of the groundwater 
flow paths are illustrated by the contaminant plumes. Dispersion, radioactive decay, and sorption 
act to modify the convective transport of these tracers. 
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II.3.8.2 . 3 The Confined Aauifers [X.18] 

A confined aquifer is one where the water-bearing stratum is overlain and underlain by relatively 
impermeable beds. Confined aquifers in the Hanford Reservation include 1) permeable sands and 
gravels in the lower part of the Ringold Formation overlain by thick silts and clays and 
2) extensive basalt interbeds confined by individual basalt flows. The confining beds include 
sequences of individual basalt flows, where they are continuous and greater than about 50 feet 
thick, and the silts and clays of the lower part of the Ringold Formation . Within the basalt 
sequence, groundwater is transmitted primarily in the interflow zones, either i~ sedimentary beds 
or in the scoria and breccia zones forming the tops and bottoms of the flows . ~~ Some of the 
basalt flows in the Pasco Basin have been eroded, particularly in the anticlinal ridges . In some 
locations, the basalts are highly jointed and contain breccia, pillow and palagonite complexes 
through which groundwater can move. The lower-most Ringold Formation silts and clays are of 
various thicknesses, and distinct hydraulic potential differences have been observed below the 
silts and clays . About 90 wells on the Hanford Reservation have been drilled to basalt. Most of 
these wells only barely penetrate the top basalt flows. Thus, data on the confined aquifers in 
the basalt flows are scarce and much more data must be gathered to fully characterize these 
aquifers. The piezometric surface of the confined bed between the lower Ringold clays and the 
top basalt flow is shown in Figure II . 3-21 based on measurements made in 1970. In general, the 
hydraulic potential observed in the confined aquifer zones above the basalt is greater than in 
the overlying unconfined aquifer . The main exception is in the vicinity of the 200 Area recharge 
mounds which have raised the potential in the unconfined aquifer. Groundwater flow in this 
confined aquifer is also to the southeast with possible discharge into ~he Columbia River some
where below Lake Wallula . However, the flow rates are expected to be quite small due to the low 
transmissivity range of this water-bearing zone. 
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In 1970 and 1971, 23 wells penetrating the sands in the lower Ringold Fonnation and the first few 
basalt flows and interbeds were pump tested and transmissivity values calculated. 106 From these 
tests, values of transmissivity ranging between 2 and 8 ft 2 /day were obtained for the confining 
beds and values between 50 and 2,000 ft 2/day for the penneable horizons. The hydraulic con
ductivity of the confining beds ranges between 0.02 and 0.2 ft/day and that of the aquifer, ranges 
between 2 and 30 ft/day. 

Some data on the aquifer properties of the various confined aquifers are available from the ARHCO 
deep drilling project well ARH-OC-1 . 107 This well was drilled to a depth of 5661 feet and is 
located near well 699-49-48 in Figure II.3-21. At this well the basalt from 362 to 1200 feet 
depth has a transmissivity of 695 ft 2/day. A sedimentary unit contained in this zone from 830 to 
936 feet has a transmissivity of 355 ft 2/day. A dense basalt zone from 960 to 1090 feet depth 
has a transmissivity of 0. 2 ft 2/day. There is one significant water-bearing zone, 10 feet thick, 
occurring at 323b feet depth with a transmissivity of 68 ft2 /day. 

Water-bearing sedimentary interbeds are centered at 500, 650, and 900 feet and range from 25 to 
100 feet thick. The bed at 900 feet is about 100 feet thick consisting of well-sorted medium 
sand of moderate penneability. Its hydraulic conductivity is about 3.5 ft/day, making it the 
most productive aquifer penetrated by this well. 

Data on the storage coefficients on the basalt aquifers are very inconclusive. All evidence so 
far suggests that the storage coefficient in these aquifers is approximately equal to the 
compressibility of water . This suggests that these aquifers behave as elastic bodies . 106 

Additional tests are needed to elucidate the characteristics of the confined aquifers and the 
possible interconnection between various flows . The interconnection between the uppennost 
confined aquifer and the unconfined aquifer must also be clearly established throughout the 
Reservation. The water quality and radiological status of the groundwater in the confined 
aquifer above the basalt have been measured with less detail and regularity than for the 
unconfined aquifer. The well sampler system is susceptible to cross-contamination and vertical 
flow between aquifers . Sample results are inconsistent . A program is being developed for 
improved sampling of this confined aquifer . The most extensive measurements have been for the 
tritium content. Table II . 3-3 gives the results of the 1968-1970 measurements. Most values are 
below the routine tritium detection limit for water samples from the -unconfined aquifer (500 to . 
700 pCi/i). In addition to tritium, measurements for 129 I have recently been added to this 
program. Recent advancements in the capability to analyze 129 ! at very low levels has made this 
possible. 

TABLE I I. 3- 3 

TRITIUM IN HANFORD WELLS TAPPING THE 
CONFINED AQU IFER ABOVE THE BASALT 

Samples Results(a) Volume Pumped Prior 
\.lell Number (eCi tritium/liter) to Sameling (gallons) 

199-H4-2 600 !: 70 NM 
730 95,000 

299-Wl l-2-P 3,900 + 320 500 
- 640 

699-Sll-ElZA 610 !: 29 Flowing We 11 

699-2-33-P <500 NM 

699-10-£12-P <500 NM 
1,500 :: 56 1,600 
<500 700 
<500 700 

(a) The Concentratiol' '311ide for public drinking water, 
as given in the £ROAM 0524 Appendix, Table 2, is 
3 X 106 pCf/f. 

NM - Not Measured 
Detection limit 500 to 700 pCi/f. 

Well Number 

699-14-£6-P 

699-14-38-P 

699-15-15A 

699-20-£12-P 

699-20-ES-P 

699-24-1-P 
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Samples Results(a) 
( ec; tri ti umt 1 i ter l 

550 + 77 
610 - 35 

640 

540 

<500 

<500 
<500 

760 
<500 

Volume Pumped Prior 
to Sameling (gallons) 

2,000 
NM 

NM 

NM 

NM 

NM 
NM 

NM 
NM 



In conclusion, a major barrier to investigation of the confined aquifers under the Hanford 
Reservation is a lack of suitable well structures that are capable of yielding reliable 
hydraulic potential measurements and representative confined groundwater samples. New and 
improved well structures are being built. 

11.3.8.2.4 Aquifers North and East of the Columbia River 

Very little data are available on the groundwater aquifers to the north and northeast of the 
Columbia River. The confined basalt aquifers underlie this area as well as the present Hanford 
Reservation. The unconfined aquifer exists only under the parts of the Wahluke Slope between 
the higher bluffs and the Colutnbia River. The Ringold Formation and glaciofluviatile sediments 
form this aquifer. 

The Saddle Mountains form the northern boundary to the confined aquifers and are a potential 
recharge site from precipitation due to basalt flow outcropping. The Columbia River behind 
Priest Rapids Dam and Wanapum Dam and the Columbia Basin Irrigation Project are other probable 
recharge areas. The Columbia River forms the primary discharge boundary for the unconfined 
aquifer. Seasonal river-bank storage and discharge occur as on the Hanford side of the river . 

The remaining sources of recharge to the unconfined aquifer are the irrigation wasteways and 
ponds that have been created. There are no observation wells monitored by ERDA to record the 
recharge effects of these ponds . The water table elevations in the unconfined aquifer near the 
Columbia River range from 370 to 405 feet MSL at the four available observation wells. The 
hydraulic potentials in the wells that penetrate the confined aquifers average about 50 feet 
higher. These wells are also perforated in several basalt aquifers precluding representative 
potential measurements. · 

The limited amount of information available indicates that the groundwater in the unconfined 
aquifer across the Columbia River moves toward the river and discharges into it. Some evidence 
indicates that groundwater in the confined aquifer may be flowing under the present riverbed to 
a trough of low potential. This flow, mixed with confined aquifer groundwater from under the 
Hanford Reservation, then moves downstream, with some discharge into the Columbia River through 
the unconfined aquifer, controlled by the hydraulic conductivity of the confining beds . 

Water quality data for the groundwater across the Columbia .River consist only o-r-nitrate 
measurements for the confined aquifers. No nitrate concentrations above the routine detection 
limit (0.5 mg/i) have been observed. Analyses for gross alpha, gross beta, and tritium have 
been made. The measurements Qf radionuclides in the confined aquifers have shown no aetectable 
concentrations. 

11.3.8.3 Hanford Hydrology Program Review [X . 18] 

In 1973 the AEC authorized an independent review (conducted between 1973 and 1975) of the 
groundwater management and environmental monitoring programs at the Hanford Reservation . 
Recorrmendations made by the consultants were used in preparing the preceding sections and are 
discussed in further detail in Appendix II.3-0. The consultants' recorrmendations have been 
considered in the development of new programs in the area of hydrology. 10'+,lOS,l0 6 , 108 , 109 

II.3.9 Meteorology(a) 

II.3.9.1 General Climate [RPS, X.18] 

The Hanfor-0 climate is mild and dry, with occasional periods of high winds. Sumners are generally 
hot and dry; winters are not as dry and are relatively mild for this latitude. Table 11.3-4 
contains a condensed surrmary of climatological observations at the HMS (Figure 11.3-22), located 
beb~een 200 East and 200 West Areas (Figure 11.1-1). Both averages and extremes are included in 
this table. (Reference 57 contains this and much of the following data.) 

The average maxinn,n temperatures in July and January are 91.8°F and 36.7°F. The average minimum 
temperatures for the same months are 61.0°F and 22.1°F. The averag~ relative humidity varies 
from a low of 31.at in July to a high .of 80.41 in December. The minimum diurnal temperature in 
winter seasons ranges from -27°F to 22°F, compared to diurnal maximum temperatures in surrmer 
seasons which vary from 100°F to 115°F. 

(a) A more detailed description of the meteorology of the Hanford Reservation is given in 
Appendix II.3-E. 
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FIGURE 11.3-22 410-FOOT TOWER AT THE HANFORD METEOROLOGICAL STATION 

Average annual precipitation is 6.25 inches. November, December, and January contribute 42% of 
the total, whereas July , August, and September contribute on ly 10% . A slight secondary maximum 
in precipitation occurs in early summer . About 45% of all precipitation during the months of 
December through Februa ry is in the fonn of snow . A four to fivefold increase in annual rainfall 
for many years would be required to slowly move the 200 Area crib waste . The maximum expected 
rainfall over the next 1000 years is about 18 inches (a threefold increase for one year). 

Mean monthly wind speeds range from about 9 mph in the summer to 6 mph in the winter. July 
hourly average wind speeds vary from a low of about 5 mph in midmorning to a high of 13 mph in 
the late evening. The corresponding speeds in January have the same trend, but have less than a 
l mph difference. The prevailing wind directions at the HMS are from the NNW through NW. The 
strongest winds tend to be from the SW. The highest observed peak wind gust at HMS was 72 mph 
from the SW. Winds with a peak gust of 40 mph or greater have been observed on the average of 
at least once in every month of the year, although the winter months tend to have a higher 
frequency of high wind periods. 

The preceding description of climatology based on the observations at the HMS can be taken as 
representati ve of the Hanford site, although some local variations in climate may be expected as 
a result of the size of the si te coupled with local topographical effects , No apparen t 
climatological temperature differences exist among the low- level sites, although observations 
show that simultaneous differences up to l0°F and l5°F can occur . In studies on the slopes of 
the ALE Reserve on the northeastern slope of the Hanford site, average variati ons in temperature 
with change in elevation were found to closely follow the adiabatic lapse rate . This pattern is 
modi fi ed at higher elevations near the crest of the Rattlesnake Hills where the isotherms of 
minimum temperatures indicate a well-defined nocturnal temperature i nversion reaching to 600 to 
1000 feet above the valley floor. The inversion varies with season, intensifying in the spring 
and fall and diminishing in the winter and summer. 

Tornadoes are relatively rare in this region and tend to be small, with lit_tle damage when they 
do occur. A single small tornado was observed onsite during 29 years of observation . No damage 
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from this tornado was reported. Fourteen tornadoes have been confirmed within 100 miles of the 
Hanford site between 1916 and the present. Data has been analyzed to determine the probability 
of a tornado hitting a particular facility onsite . 58 , 59 During any year, it was estimated that 
the probability is six chances in a million. 

II.3.9.2 Diffusion Climatology 

Drainage winds play an important role in local air circulation. The Cascade Mountains to the 
west of the Reservation exert considerable influence on the winds by serving as a source of cold 
air drainage. Differences in surface winds on the site can usually be attributed to differences 
in air flow associated with l ocal topographical features (such as Rattlesnake Mountain and 
Wahluke Slope) . 

Joint wind speed, direction, and stability data are available from two locations onsite. The 
longest periods of data are from the HMS tower, in continuous operation since the mid-forties . 
Wind roses for each stability and for all stabilities combined, based on 15 years of HMS data , 
are given in Figure II.3-23. Included in these are groupings of the persistences by wind speeds 
for each direction . Figure II.3-24 presents wind rose summaries based on one year of data from 
the meteorology tower at the N Reactor site. These two locations cover the winds in the 
northern and central sections of the Hanford site . The definition of stability used in 
Figures II . 3-23 and II.3- 24, as well as in the Hanford diffusion model, is given in Table II . 3- 5. 

"-11 ') \Ahl l llll \ 

• 

\l{RYS TA 8t[ 

1 l 
Pf ilC( Nl SC ALE 

,'t lt.0 R~ESBYSTA8Hl1V 

IHI 19 ·2• , 24 ® l ·l ~~- I~ 11111111(=-
LAu, WI NO SPUD GROJ PS IMPH1 

l, ~ !!. '> 0 7~ 

l' fRC l NT PfRSISH NC[ 
\L Al! fO1; "'ll SlA 81llTHS 

1.1' 

FIGURE II.3-23 WIND ROSES AS A FUNCTION OF STABILITY AND WIND SPEED AT HMS BASED 
ON WINDS AT 200 FT AND AIR TEMPERATURE STABILITY DEFINED BETWEEN 
3 FT AND 200 FT FOR 1955 THROUGH 1970 (The points of the rose 
represent the directions from which the winds come.)· 
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FIGURE II . 3-24 WIND ROSES AS A FUNCTION OF STABIL ITY AT 100-N AREA BASED ON 
WINDS AT 200 FT AND AIR TEMPERATURES BETWEEN 3 FT AND 200 FT 
FOR JANUARY 29, 1970 TO JANUARY 28, 1971 {The points of each 
rose represent the directions from whi ch the winds come. ) 

TABLE II.3.5 

HANFORD ATMOSPHERIC DISPERSION MODEL 
DEFINITION OF STABILITIES 

Class 

Very Stable 
Moderately Stable 
Neutral 
Unstable 

6-T /200 ft in °F 

~ 3. 5 

-0 . 4 to 3. 4 
-1. 4 to -0. 5 

~ -1.5 

Toward the southeastern section of the Hanford site, 16-point surface wind data summaries are 
ava i lable for the FFTF site and WNP-2 site. Annual wind roses for these sites are given i n 
Figures II . 3-25 and II.3-26. A tendency to greater north-south flow on this section of the 
Hanford site is evident. 
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FIGURE II.3-25 WIND ROSE FOR THE FFTF SITE 
(At 13 ft, January l, 1971 
through July l, 1973.) 
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FIGURE II.3-26 WIND ROSE FOR THE WNP-2 SITE 
(At 23 ft, April 1972 through 
March 1973 . ) 

Surface wind rose data based on an 8-point compass were compiled from a telemetered network of 
meteorology stations. A summary of these wind roses plotted on a map of the Hanford site is 
given in Figure II.3-27. These sensors were placed in locations to define local topographical 
effects on surface winds as well as to define the general surface flow of winds . A comparison 
of the telemetered data from the 300 Area with the FFTF data revealed only minor differences in 
the annual su1T111aries. This suggests that the more detailed FFTF data may reasonably be consid
ered representative of the 300 Area . 

High-level winds over the site have been studied. Ground released balloon (Pibal) observations 
from the HMS show that at higher levels, winds tend to exhibit stronger westerly components than 
are observed in the surface wind observations. 

II . 3.10 Aquatic Ecology(a) 

II.3.10. l The Columbia River 

The basic physical and chemical characteristics of the Columbia River were presented in previous 
sections of this report. References 60, 61 and 62 present additional data as well as the three 
most comprehensive evaluations of the ecological characteristics of the river, mainly in the 
Hanford to McNary Dam section. 

(a) A more detailed description of the aquatic ecology of the Hanford Reservation is given in 
Appendix II.3-F. 
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FIGURE II . 3-27 SURFACE WINO ROSES FOR VARIOUS LOCATIONS ON ANO SURROUNDING THE 
HANFORD SITE (The points of the rose represent the direction from 
which the winds come.) 

Studies of the various aquatic organisms in the Columbia River, relat i ng mainly to influence of 
the reactor operation, have been conducted for over 25 years; a bibliography with abs trac t s of 
these investigations was recently published . 63 The following paragraphs summarize the essential 
ecological characteristics of the major corrrnunities. Figure II.3-28 is a simplified diagram of 
the food-web relat i onships in selected Columb i a River biota and rep resents the probabl e maj or 
energy pathways . 

II . 3.10 . 1.1 Phytoplankton 

Di atoms are the dominant algae i n the Columbia River, usually representing over 90% of t he 
population. The main genera include Fragilaria , Asterionella, Melosira, Tabel l aria , and 
Synedra . Lentic fonns that originate in the impoundments behind the upstream dams are dominant 
in the Hanford section of the river . Peak biomass of net phytoplankton amounted to about 
2. 0 g dry wt/m3 and winter values were less than 0.1 g dry wt/m3 . 6 4 A spring i ncrease, wi th a 
second pulse in late su1Trner and autumn, has been observed in other stud i es in the Columb i a 
River . 65 • 66 Green algae and blue-green algae occur mainly in the warmer months, but in sub
stantially fewer numbers than the diatoms. 
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MACROPHYTES 

FIGURE II.3-28 FOOD WEB IN THE COLUMBIA RIVER 

II.3.10.l.2 Periphyton 

DEATH AND FECES 
(BACTERIAL BREAKDOWN) 

Periphytic corrmuniti es develop on suitable solid substrates wherever sufficient light occurs for 
photosynthesis . Dominant diatom genera include Melosira and Gomohonema; in spring and surrmer, 
luxuriant growths of t he filamentous green algae Stigeoclonium and Ulothrix occur . Net Produc
tion Rate (NPR), as measured from 14 day colonization of artificial substrates, varied from 
0.07 mg dry wt/cm2/day in August to less than 0.01 mg dry wt/cm2/ day in December and January. 6 7 

II.3.10.l.3 Macrophytes 

Emergent macrophytic vegetati on is extremely sparse and is usually found in slack-water areas . 
Some rushes and sedges occur in flooded areas. 

II.3.10.l.4 Zooplankton 

In the Hanford reach of the Columbia River zooplankton populations are generally sparse. They 
are associated with benthic deposits in slack-water areas near the edge of the river with 
cladocerans being more abundant than copepods. 68 Twenty-four species of Cladocera and Copepoda 
have been identified in McNary Reservoir. 69 This reservoir receives water from the Yakima, 
Snake and Walla Walla Rivers as well as from the Columbia, all of which may contribute to the 
zooplankton population. 

II.3.10.l.5 Benthos 

Benthic biota consist of organisms which are either attached or closely associated with the 
substrate. Dominant organisms presently found in the free-flowing Columbia include insect 
larvae, sponges, molluscs, flatwonns, leeches, crayfish, and oligochaetes. The daily fluctu
ating water levels caused by the manipulation of flow by an upstream hydro-electric dam have 
destroyed a part of this fauna in the littoral zone. Near the old Hanford townsite, midge 
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larvae (Chironomidae) and caddis fly larvae (Trichoptera) are the most numerous benthic organisms , 
averaging 121 and 208 organisms/ft2 , respectively. 60 Caddis fly larva and mollusc (Mollusca) 
are predominant in terms of biomass, averaging 2.24 and 1.23 g wet wt/ft2 , respectively . Total 
benthic organisms averaged 375/ft2 and 3.59 g wet wt/ft2 during 1951-52. These figures are 
approximations of these populations, due to the difficulty in sampling the entire bottom of 
a large river such as the Columbia. Sampling was restricted to the shallow shoreline and even 
there, variations between replicate samples were sometimes greater than seasooal variati ons . 

II . 3.10. 1.6 Fish [RPB X. 12, X. 15, X. 17, X. 24, X.25] 

The fish species of greatest importance in the Hanford reach of the Columbia River are the 
salmon and steelhead. These species live in freshwater during their early life stages, spend 
most of their life in the ocean, and as adults return to the river to spawn . The yearly number 
of adult anadromous fishes passing through the Hanford Reservation is indicated by the adul t fis h 
passage counts made at Priest Rapids Dam, the dam immediately upstream (Table II.3-6a) . Adul t 
salmonoid movement through the Hanford reach of the river occurs during all months of the yea r 
but greatest numbers pass during the spring to early fall period . Peak adult migration peri ods 
are generally as follows : 

• 
• 
• 
• 

Sockeye 
Chinook 
Coho 
Steelhead -

July-August 
May-September 
September-October 
Augus t -October 

Routes of mi gration through the area are generally along the north or east (left bank) si de of 
t he river opposite the reactors . 1 1° Fish more consistently pass t hrough the left shore f i sh 
ladders of the dam downstream from Hanford than the right shore ladders . 11 1 

The fall run of chinook salmon spawn i n the main stem Columbia River section from Ringold to 
Priest Rapids. Suitable salmon spawning areas are not availab le in the main stem ri ver upstream 
and downstream of Hanford due to impoundments by the river dams. Spawning salmon have markedly 
increased in thi s last free-flowing stret ch of the river, presumabl y, partly as the resul t of 
upstream displacement of populations tha t former ly spawned i n the Co l umbia River downs tream 
from Richland. 112 Estimates · of the number of chinook salmon tha t spawn in the Hanford reach of 
the Columbia River have been made annually, by aeria l survey , s i nce 1947. In recent years, the 
locally spawning population has ranged from approximately 5,000 to 32,000 fish (Table II. 3-6a) , 
representing about 11% of the fall chinook spawning escapement to the r iver and nearly 30% of the 
fa l l run passing McNary Dam (River Mile 292). 11 2 An estimated 10,000 stee l head trout also spawn 
in t he Columbia River near Hanford .1 13 About 40% of t he tota l adult fall chinook escapement to 
the Columbia Ri ver passes through or spawns in the Hanford reach of the river. 

Species 

Ch i nook Salmon 
(Oncorhynchus 
tshawytscha) 

Sockeye Salmon 
(Q.. ~) 

Coho Sa lmon 
(Q.. ki sutch) 

Steel head Trout 
(Salmo gai rdneri) 

Ameri can ~ tliid 
(A losa sapi dissima) 

Fall Chi nook ~pawning 
near Hanfordld) 

TABLE I I. 3-6a 

ADULT ANAOROMOUS FISH PASSAGE AT PRIEST RAPIDS DAM (a) 
ANO ESTIMATED CHINOOK SALMON SPAWNING NEAR HANFORD 

Number of Fish 
1966(6) 1967(b) 1968(6) 1969( 6) 1970 (b ) 1971( c) 1972 (:'._ 19 73 (c) 1974 \C/ 

66,915 48,918 48,314 40,786 43,934 32,535 32, 321 34,418 32 , 397 

170,071 123 ,786 108,308 39,240 77, 422 72 , 753 44 ,957 54,471 35. ~34 

11,903 8, 879 13 , 212 1,351 4, 971 7, 619 5, 268 1,Si6 1,781 

13 ,006 7,354 10, 524 6, 650 5,442 10,593 6,350 7,006 3. ~62 

716 239 300 3, 440 7, 163 1,423 2, 370 12, 691 8, 151 

22 , 000 23, 000 25, 000 32,000 27,000 25,000 6, 000 21,000 5,000 

(a) F1sh passage counts are for the period from April through October . 
(b) Adult fish passage numbers from Priest Rap ids Fish Passage Reports, Grant Co. PUO, Ephra t a , WA . 
(c ) Adu l t fish passage numbers from Condensed Oai ly Fish Count Reports , U.S. Anny Engi neer District , Port land, OR . 
(d ) Based on a conversion factor of 7 fish/redd 
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Young salmon hatch during mid to late winter and emerge from the gravel in February and March . 
The numbers of young salmon and steelhead passing the upstream Priest Rapids Dam are shown in 
Tabl e II . 3-6b. Estimates are incomplete except for chinook salmon. Practically al l of the young 
sockeye salmon are over one year of age when they pass to the ocean . From 10 to 15% of the chinook 
outmigration are fish one year and older which pass Priest Rapids Dam in May . The remainder of 
the young chinook are less than one year of age (0-age class). From 40 to 60% of the chinook 
juveniles migrated past Priest Rapids Dam i n August during 1965 to 1967, an ind i cation that the 
outmigration of the salmon produced in areas upstream from Hanford is delayed , presumably due t o 
the creation of the reservoir complex upstream. 11 6 The chinook produced in the Hanford reach 
move out of the area during mid-April to mid-June, the normal time of emigration . 

TABLE I I. 3-6b 

ESTIMATED NUMBERS OF JUVENILE SALMONIDS 
PASSING PRIEST RAPIDS DAM 

Numbers {millions} 
Chinook Sockeye Coho Steel head 

Year Salmon Salmon Salmon Trout ---
1965(a) 1.62 2. 63 0. 22 0. 27 
1966 (a} 1. 35 4. 10 1. 17 0.24 
1967(a) 2.07 0. 95 1. 17 0. 26 
1968(b) 1.43 
1969(b) 1.60 
1970 (b) 1. 09 
1971 (b) 1. 21 
1972(b) 1.49 
1973(b) 1. 14 
1974(b) 1.05 --
(a) Juvenile salmon estimates from Reference 114 . 
(b) Juvenile Chinook salmon estimates fro~ Washington 

Department of Fisheries . 

A special study of the local sport fishery conducted for a year in 1966 to 1967 11 7 gave an 
estimated annual catch of approximately 6,000 fish in the section of the Columbia River from 
Richland (River Mile 339) to Ringold (River Mile 354). Since the time of this survey, sport 
fishing intensity, particularly from boats, has probably increased, which would presumably make 
the present annual catch higher . 

Factors influencing the thermal tolerance of salmon and steelhead include : exposure time, 
acclimation temperature, and life stages of the fish. Pacific Northwest fisheries agencies have 
recomnended the following temperature ranges as "optimun" for salmonids : 118 

Migration: 
Spawning : 
Rearing: 

7.2 to 15 . 5°C (45-60°F) 
7.2 to 12.8°C (45-55°F) 

10 to 15.5°C (50-60°F) 

The Columbia River temperatures in the Hanford reach are usually well below the optimum maximum 
temperature during the rearing and migration period from March through June. The addition of 
small amounts of heat during this period is not expected to be detrimental and may be of benefit 
during the spring months when river temperatures are near the lower optimum limit . 

The period from Juiy through October is the time when addition of heat to the river is of greatest 
significance. Maximum river temperatures may reach 21°C (70°F) during this time, and the minimum 
temperatures are usually above the optimum for salmonids. During the warm sumner months the 
Columbia River is a marginal habitat for salmonids with respect to temperature. Laboratory 
studies in which chinook salmon eggs were incubated and reared at several thermal increments 
above ambient Hanford Columbia River temperature showed no increase in mortality at about 3°F 
above a base river temperature of 54.6°F. 119 Excessive mortality occurred at 7°F above river 
temperature . Increased temperatures accelerated growth of larval chinook salmon; a 2°F increment 
increased growth by 40%. 
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Many of the juvenile salmon passing through, and all of those produced in the Hanford reach of 
the river, are of zero age class (young of the year) and do not possess the motile powers of 
older juveniles or adults. To some extent they passively drift with the river currents. The 
majority120 of these fish, SO to 60%, are found along the shore; the remainder are distributed in 
the river cross-section mostly in the upper 30 inches of water. From hydrodynamic considerations 
alone it may be physically impossible ·for these fish to even enter the N Reactor thermal plume 
near ,ts point of submerged discharge. The exact time-temperature exposure to a fry passing 
through the N Reactor plume has not been determined. However, examination of the mortality and 
the characteristics of the plume with comparable physical and thermal characteristics indicates 
that even if fish pass directly through the plume centerline they probably would not encounter 
elevated temperatures for a time period long enough to be lethal to them or even cause a loss of 
equilibrium. The thermal exposure would also be less than the minimum calculated as necessary 
to cause increased predation. 

Whitefish and steelhead are the species most fished for by sportsmen in the Columbia River in 
the vicinity of Hanford. From a creel census and household follow-up conducted from 1963 to 
1968 in the section from Ringold just downstream of the plant boundary to the mouth of the 
Snake River, the Washington State Game Department calculated that the average annual catch of 
steelhead in this area was about 2700 fish. The whitefish are resident in the Hanford reach of 
the river and support a winter sport fishery. 

Population estimates of resident coarse fishes, such as suckers and minnows, have not been made . 
The problems in effectively sampling a river the size of the Columbia preclude definitive 
measurements . The above-mentioned species constitute a large portion of the resident population; 
other conman species include sculpin, dace, sturgeon , sticklebacks, and bass. Thirty-nine 
species of fish have been identified in the Hanford area of the Columbia River . 

II.3.10.2 100-N Overflow Trench 

Liquid waste from the N Reactor flows into a crib from which the overflow goes in to a 1600-ft long 
dispersal trench . Water seeping from the trench passes through about 2000 feet of so il before 
reaching the Columbia River. 

No ecological studies have been performed on this dispersal trench, although periphyti c algae 
and associated microscopic organisms are probably present as well as possibly some insect 
larvae. The t rench was occasionally used by waterfowl until it was partly screened and backfilled 
to prevent their access. 

II.3 . 10.3 200 Area Ponds and Ditches 

A number of ponds and ditches in the vicinity of the 200 East and 200 West Areas have received 
low-l evel aqueous waste since Hanford ' s inception. Ecolog ical studi es have been performed on 
some of the sites. The ditches generally have sand substrates with a rapid rate of infiltration . 
Vegetation grows abundantly along the shores. 

Ecological studies have been in progress since June 1972 on Gable Mountain Pond and since 
July 1973 on U Pond. The shoreline vegetation around Gable Mountain Pond is predomi nantly 
cattail s and rushes . Open sections are present near the inlet and at the northwest end where the 
overflow passes through a culvert in a dike . Figure II . 3-29 represents the bas i c food web present 
in Gable Mountain Pond and U Pond. The biota is rich in terms of species divers i ty but addi tional 
work is needed to quantify the various populations. Quantitative sampling is in progress on t he 
22-acre· U Pond . The daily thermal regime of the pond depends primarily upon the incoming water 
and secondarily on atmospheric and solar heat; however, the range within which the pond fluc tu
ates is influenced by seasonal changes in solar and atmospheric heat . Primary producti vi ty is 
closely related to seasonal changes i n insolation and temperature, and stri ki ng pulses occur 
during the warmer months when wind and cloud cover are minimal . The pond supports a simple food 
web based mainly on detritus and sedimented organic matter . Primary producers are mainly phyto
planktonic green algae (Chl orococcales ) and several emergent vascular pla~ts . Benthic detriti 
vores and scavengers include chironomid larvae , oligochaetes, amphipods , and mayfly and beetle 
larvae. Goldfish , an introduced speci es and the only fish i n the pond, al so scavenge the 
bottom. Dragonfly and damsel fl y larvae and backswi11111ers constitute the only known carnivores in 
the pond. 

II.3.10.4 300 Area Ponds 

Two ponds, totalling about 12 acres, receive low-level liquid waste generated in the 300 Area 
laboratories and reactor fuel canning complex. The south pond is presently dry but could receive 
water again. Since copper and uranium are usually present in the waste, a layer of copper hydrox
ide is on the bottom. 
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FIGURE II.3~29 FOOD WEB IN GABLE MOUNTAIN PONO ANO U POND 

No ecological studies have been conducted on these ponds . Vascular plants grow down to the 
water's edge, but the pond proper is unsuitable for aquatic life . A few ducks frequent the ponds 
and the sanitary waste leach trenches alongside. 

II.3. 10.5 Rattlesnake Springs 

Rattlesnake Springs, located on the Arid Land Ecology (ALE) Reserve, is a pennanent spring which 
begins from groundwater seepage and is subsequently fed by small groundwater springs along its 
course. It flows for approximately 2 to 3 km, starting at about 0.43 cfs, and disappears into 
the ground. The stream bottom is composed of sand and gravel, with rubble in some areas. The 
biotic communities in the stream are subjected to periodic flash floods in winter, depending 
upon weather conditions. Despite these floods the stream supports a diverse flora and fauna. 

I~.3.10.5.1 Phytoplankton and Periphyton 

Some 90 species of algae in Rattlesnake Springs were collected and identified.· Slightly over 
half of the species are diatoms; in sunmer, green algae such as Spirogyra and C.ladophora are 
the second most numerous group and are dominant in tenns of biomass. 

II.3.10.5.2 Macrophytes · 

Cattails and sedges occur along the stream, especially where it is not shaded, but the over
whelmingly dominant macrophyte is watercress, Rorippa nasturtium-aguatica. This seasonal plant 
occupies from 2 to 85% of the total stream area. 73 · 

II.3.10.5.3 Invertebrates 

Several groups of invertebrates occupy the stream, although the species diversity is highly 
dependent upon the size of the winter floods, if any, and the resulting physiognomy of the 
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stream. No exhaustive taxonomic study has been made of the invertebrates; dominant forms 
present include midge larvae. blackfly larvae. and molluscs. 

II.3.10.6 Other Springs on the ALE Site 

Approximately 14 other permanent and intermittent springs occur on the ALE site. No ecological 
studies have been made on these springs, but qualitative collections were made for certain 
organisms. Algae was collected at a few sites, and the crayfish, Pacifasticus leniculatus, was 
collected for laboratory experiments. 

II.3.11 Terrestrial Ecoloay(a) 

II.3. 11. 1 Climatic Influences 

A term frequently chosen to describe the Hanford region is "steppe", referring to its general 
resemblance to the steppeland of central Asia. The region is called a shrub-steppe 74 to 
differentiate it from true steppes having more grasses and fewer shrubs. Steppes have some 
characteristics in co111t1on: 1) little precipitation and 2) wide daily and annual temperature 
ranges. Aridity arises at Hanford from its geographical location in the rainshadow of the 
Cascade Mountains. Lying in the path of frequent winter storm tracks. the .Hanford region is 
visited by many winter storms that bring clouds but little water. However, precipitati on is 
relatively high during all winter months (about 2 or 3 cm per month). Although June exhibits 
a secondary maximum, the June precipitation is too little and too late to be of substan tial 
importance to the vegetation, because the rains usually wet the soil only to a depth of 20 cm or 
less. wel l within the reach of evaporat ion by the high insolation intensities and warm soil 
temperatures of that season. 7 5 • 76 Consequently. the preci~itation of importance to vegetation is 
that which is stored as soil water during the cool season . 7 

II.3.11.2 Vegetation 

The vegetation mosaic of the Hanford Reservation (Figure II . 3-30) consists of eight ma j or kinds 
of shrub-steppe co111t1unities identified by the most conspicuous or most abundant plant species: 

• Sagebrush/bluebunch wheatgrass (Figure II . 3-31 and Figure II.3-32) 

• Sagebrush/cheatgrass or sagebrush/Sandberg bluegrass (Figure II.3-33 and Figure II.3-34) 

• Sagebrush-bitterbrush/cheatgrass (Figure II.3-35) 

• Greasewood/cheatgrass-saltgrass (Figure II . 3-36) 

• Winterfat/Sandberg bluegrass (Figure II . 3-37) 

• Thyme buckwheat/Sandberg bluegrass (F igure II . 3-38) 

• Cheatgrass-tumble mustard (Figure II.3-39) 

• Willow (Figure II.3-40) 

Figure II.3-41 shows the location and direction of the view for each of the preceding photographs . 

On the Hanford Reservation , the sagebrush/bluebunch wheatgrass vegetation-type occupies extensive 
acreage in the Rattlesnake Hills and is mostly confined to the ALE Reserve. Bluebunch •,4heat
grass is the most important livestock forage plant here. The most broadly distributed vegetation
type on the Reservation is the sagebrush/cheatgrass-bluegrass association. This vegetation-type 
occurs as a broad zone between the sagebrush/bluebunch wheatgrass type and the sagebrush-bitter
brush/cheatgrass type. Spiny hopsage and rabbitbrush may be intermingled with sagebrush shrubs . 
The general paucity of herbaceou~ cover tends to favor invasion by tumbleweed, with or without 
fire . 

The sagebrush-bitterbrush/cheatgrass vegetation-type occupies the low elevations in the~outh
eastern sector of the Hanford Reservation. Snowy eriogonum, a small shrub , is often locally 
abundant. The sagebrush-bitterbrush/cheatgrass vegetation-type occupies the sandiest soil short 
of dunes. The colonization of sandy soils in an arid environment is a slow process, especia lly 

(a) A more detailed description of the terrestrial Ecology of the Hanford Reservation is given 
in Appendix II.3-G. 
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if larqe areas are affected--by fire , for examrle- -and seed sources severely reduced (Fig
ure II . 3-32 ) . Yhe mo st effic i en t ea r l y invader of burned areas in the sagebrush-bitterbrush/ 
cheat~ras s ve~e t at ion-ty~e is tumbleweed . Bitterbrush i s an important forage plant for mule 
deer , es~ecial l y in fal l an J ~inter. 
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FIGURE II.3-30 DISTRIBUTION OF VEGETATION TYPES ON THE HANFORD RESERVATION 

The greasewood/cheatgrass-sa l tgrass vegetation-type i s restricted to a small area of about 
100 acres in the vicinity of Rattlesnake Springs. 78 This vegetation-type is important because 
the geographic distribution of greasewood is determined by the presence of a relat i vely shallow 
water table . 

The winterfat/Sandberg bluegrass vegetation-type occupies several thousand acres along the gentle 
lower slopes of the Rattlesnake Hills. For the most part , the geographic distribution of winter
fat in the Pacific Northwest is restricted to the ALE Reserve. 

The thyme buckwheat/Sandberg bluegrass vegetation-type occupies thin, stony soils along ridge 
crests in the Rattlesnake Hills and Gable Mountain areas . These commun i t i es have no potential 
for agricultural use and provide limited forage for livestock and wildlife, but they possess 
great aesthetic value because of the presence of many species with showy flowers. 

The cheatgrass-tumble mustard vegetation-type occupies abandoned agricultural fields, especially 
in the 100 Areas and at Benson Ranch and Snively Ranch on the ALE Reserve. This vegetation-type 
consists mostly of alien annual plants, i.e., cheatgrass and annual mustards; it has, over the 
past 30 years, resisted invasion by native perennial grasses and shrubs and colonization by 
tumbleweed. Cheatgrass-tumble mustard corrmunitie~ in the absence of livestock grazing are 
effective in binding soil against wind and water erosion and have practical value in revegetation 
of highly disturbed soils. 
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FIGURE II . 3-31 SAGEBRUSH/BLUEBUNCH WHEATGRASS COMMUNITY 
(The shrub is big sagebrush and the l arge 
bunchgrass is bluebunch wheatgrass. ) 
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FIGURE II . 3-32 SAGEBRUSH/BLUEBUNCH WHEATGRASS COMMUNITY (Burned 
in 1957 . The shrub in the foreground is rabbit
brush, a shrub that can sprout following fire 
damage ; sagebrush is usually killed by fire.) 
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FIGURE 11.3-33 SAGEBRUSH/CHEATGR4SS COMMUNITY. (The shrub is big 
sagebrush, the dense grass understory is mostly cheat
grass, an alien weed introduced into the Pacific 
Northwest with the advent of livestock grazing and 
agriculture. These growths are prevalent on the low
elevations of the Hanford Reservation.) 
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FIGURE 11.3-34 SAGEBRUSH/SANDBERG'S BLUEGRASS COMMUNITY . 
(The shrub is big sagebrush and the sparse 
understory is Sandberg's bluegrass . ) 
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FIGURE 11.3-35 SAGEBRUSH-BITTERBRUSH/CHEATGRASS COMMUNITY. (The 
light colored shrub is sagebrush and the dark 
colored shrub is bitterbrush . The understory is 
mostly cheatgrass . ) 
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FIGURE 11.3-36 GREASEWOOD/CHEATGRASS-SALTGRASS COMMUNITY. (The 
shrub clump in the foreground is greasewood, the 
understory grasses are a mixture of cheatgrass 
and saltgrass . ) 
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FIGURE 11 . 3-37 WINTERFAT/SANDBERG'S BLUEGRASS COMMUNITY. (The 
short-statured shrub in the foreground is winter
fat.) 

FIGURE II.3-3B THYME BUCKWHEAT/SANDBERG'S BLUEGRASS COMMUNITY . 
(Appearing at high elevations on the ALE Reserve, 
the low-growing cushion-like plants are thyme 
buckwheat . ) 
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FIGURE 11 . 3-39 CHEATGRASS-TUMBLE MUSTARD COMMUNITY . (This occupies 
a 3O-year old abandoned wheatfield at midelevation 
on the ALE Reserve.) 

0 

FIGURE II.3-4O WILLOW COMMUNITY. (Located at Rattlesnake 
Springs on the ALE Reserve.) 
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Wil l ow vegetation occurs along the banks of the Columbia River, waste ponds in the 200 Areas , 
abandoned agricultural irrigation ditches in the 100 Areas and along permanent spring courses in 
the Rattlesnake Hills . Although the amount of acreage occupied by willow communities is small, 
their value to wildlife is large. Willows and associated deciduous trees, shrubs and herbaceous 
plants provide food and nest sites for game and song birds, sulT'fTler forage, and cover for mule 
deer. 

Miscellaneous vegetation-types occur throughout the Hanford Reservation . Of particular impor
tance are deciduous trees around waste ponds, 79 abandoned homesteads and abandoned mili t ary 
installations that provide nesting and resting sites for raptorial birds -of prey. Appendix II . 3-G 
presents a current floristic list for the Hanford Reservation . 

The hi storical pattern of plant succession in the steppe region of Washington was altered during 
the past century by the introduction of annual weeds from the steppes of Eurasia . One of the 
most agressive of these plants is cheatgrass. Cheatgrass is well adapted to the fall-winter 
precipitation regime of the area, its seeds are highly viable, and seedling growth is more 
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competitive than that of native perennial grasses. 80 Agricultural fields abandoned for 30 years 
continue to be dominated by cheatgrass; apparently the competition for soil, water and ava i lable 
essential mineral nutrients is sufficient to exclude other kinds of plants for long periods of 
time. 

Tumbleweed, another exotic plant, has an effective method of seed dispersal. Tumbleweed is no t 
as competitive as cheatgrass in most habitats, but it is the most successful colonizer of 
habitats where cheatgrass is suppressed by mechanical means or herbicides or in so i ls with 
heterogeneous texture . In the absence of physical disturbance, cheatgrass and tumbleweed are 
not effective in invading pristine steppe coillllunities . Nevertheless, cheatgrass and tumbleweed 
will tend to become more important on the Hanford Reservation as more soil is disturbed by 
construction and waste burial sites. 

II.3 . 11.3 Mall'lllals 

The mule deer is the only big game mammal found on the Hanford Reservation. Most of the mule 
deer on the Hanford Reservation live along the Columbia River, with smaller concentrations near 
Gable Mountain and the 200 Area, at Rattlesnake Springs, and on the Snively Ranch area in the 
Rattlesnake Hills . 

The cottontail rabbit is the most abundant small game ma11111al, with small populations scattered 
throughout the Reservation area. The raccoon i s probabl y the most abundant furbearing mamma l on 
the Hanford Reservation, mostly confined to shorel i ne areas of the Columbia River and waste 
ponds in the 200 Areas. Beaver and muskrats occur i n backwat er areas of the Columbia River; 
muskrats are found also in waste ponds and ditches in the 200 Areas . Mink occur along t he 
Columbia Ri ver while wease l s are scattered throughout the Hanford area. The coyote is abundant 
on the Hanford Reservation as compared to adjacent land areas, although no accurate estimate of 
populati on density has been made . The bobcat and badger are present on the Reservation , but i n 
low numbers. 

The jackrabbit is widely distributed on the Hanford Reservation; however, i t is less abundan t in 
the sagebrush/bluebunch wheatgrass vegetation than in the sagebrush/cheatgrass and sagebrush
bitterbrush/cheatgrass vegetation-types. The j ackrabbit is an import ant food i tem for coyo t es 
and raptors . 

The porcupi ne is widely di stributed over the Reservation area but is especia l ly abundant along 
t he Columbia River. Porcup i nes occur in the 200 Areas and in the canyons and valleys of the 
Rattlesnake Hills . 

Smal l ma1T111als are abundant on the Hanford Reservation, particularly the Great Bas in pocket 
mouse . Deer mice and ground squirrels are locally abundant , as i s t he pocket gopher . The 
kangaroo rat is not found on the Hanford Reservati on although it is common i n the st eppe reg i on 
of Oregon . 

Appendix II .3-G presents a species l ist of the mammals (and other vertebrates) that occur on the 
Reservati on. 

II . 3.11.4 ~ 

The chukar partridge is the most important upland game bird on the Hanford Reservation . Most of 
the population is concentrated on the ALE Reserve~ especia ll y the Rattlesnake Hills, but there 
are local populations in the Gable Mountain area. Chinese ring-necked pheasants are present on 
the Hanford Reservation but in small numbers, and Californ ia quail are present as scatt ered 
local populations along the Columbia River. Mourning doves are migratory bi rds that nest 
throughout the Hanford Reservation area during the spring months. 

Sage grouse are present in small numbers. In recent years , sightings generall y occurred in the 
Rattl esnake Hill s on the ALE Reserve. Over the years the sage grouse population has decl i ned in 
southeast ern Washington as pristine habitat was converted to dryl and wheat and i rrigated 
agricultural f i elds . The most abundant birds i n steppe vegetation are the western meadowlark 
and the horned iark. 8 1 

The Canada goose is the most import ant of the nesting waterfowl on the Hanford Reservati on ; the 
nesting habitat is confined to i slands in the free- flowing reach of t he Co l umbia River . 82 The 
Columbia River also provi des a resting sanctuary fo r migratory f locks of ducks and Canada geese. 
At peak migratory periods, 70,000 birds - most ly ma l lards - occupy the Hanford reach of the 
Co l umbia River. 
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Raptorial birds use the Hanford Reservation as a refugium from human intrusions, especially during 
the nesting season. Trees around abandoned farms in the 100 Areas and around abandoned military 
installations provi de nesti ng habitat for red-tailed hawks, Swainson ' s hawks, and great horned 
owls . Prairie falcon nests are located on Gable Butte and along Umtanum Ridge . B3 The sparrow 
hawk is -the most abundant of the raptorial birds . The marsh hawk nests on the Hanford Reserva
t i on (as does the burrowing owl) , but the osprey is only an occasional visitor along the 
Columbia River . The golden eagle and the bald eagle are both winter visitors. The raptori al 
birds are of particular interest because their ancestral ranges are being steadily reduced by 
human encroachment . Relatively large areas of uninhabited land, such as the Hanford Reservation , 
provide a nesting and foraging ground for raptorial birds. 

II . 3.11 . 5 Snakes and Lizards 

As compared to southwestern United States desert areas, the herpetofauna of south-centra l 
Washington is sparse. The most abundant reptile in low elevation steppe vegetati on is the 
sideblotched lizard . The horned lizard is not conmon and the sagebrush lizard is scarce . The 
most abundant snake is the gopher snake, but the yellow-bellied racer and the Pacific ratt le
snake are co111110n . The coachwhip snake and the desert night snake are seldom observed . Snakes 
are an important food item for the Swainson's hawk . 

II . 3.11.6 Insects 

A preliminary list of insect species known to inhabit this area is given in Appendix II . 3-G . 
This list will probably continue to be updated for several years as additional spec imens are 
found. It is probably safe to asswne that the species which contribute significantly to insect 
abundance are conta ined in this list . 

Leafhoppers (Cicadellidae), aphids (Aphididae) and plant hoppers (Fulgoridae) are all present , 
but members of the superfamily Coccidea are the most abundant. The Coccidea are primarily 
mealybugs (Pseudococcidae), most of which occur in association with bluebunch wheatgrass . 
Cicadas may periodically be conspicuously present in this area, primarily due to the buzzing 
"song" produced by the males. 

The order Orthoptera contains the well known family Acrididae (grasshoppers) which are frequently 
very destructive members of grassland conmunities. The grasshopper possessing the greatest 
potential for outbreak in. this area is the migratory grasshopper (Melanoplus sanguinipes) . 
Localized concentrations have occurred at Hanford in the past8 ~ and will probably continue to 
do so in the future. These concentrations appear to occur only in the cheatgrass-tumble mustard 
vegetation. 

The order Coleoptera (beetles) constitutes the largest insect order and contai ns nearly 50% of 
all known insect species. They are a very diverse group, inhabiting nearly all conceivable 
types of habitat. Some important predacious beetle families in this area are the ground beetles 
(Carabidae) tiger beetles (Cicindelidae), checkered beetles (Cleridae) and ladybird beetles 
(Coccinellidae) . The weevils (Curculionidae) are probably the most important group of plant 
eaters in this order. Sixteen species of darkling beetles are known to occur in this area . Two 
species, Philolithus densicollis and Stenomorpha puncticollis, can be particularly abundant. 
Philolithus is very much more abundant in native grasslands than in cheatgrass swards, while 
Stenomorpha, somewhat less abundant than Philolithus, is less sensitive to vegetation type , but 
Stenomorpha does not occur at low elevations. 

The order Hymenoptera (ants, wasps, bees) contains a great number of species that are either 
predators or parasites, as well as the plant pollinators essential for ensuring fertilization of 
many flowering plant species. The ants (Formicidae) can be an important component of natural 
systems, but they are not abundant on the Reservation. Ants apparently occur in all vegetation 
types. Members of the family Specidae are solitary wasps. The Ichneumonidae, another important 
Hymenopteran family, also attack a great variety of insect hosts. However, unlike the Sphecids 
(who paralyze and drag their prey to a burrow), the Ichneumonids are mostly internal parasites 
of irrmature stages of the host. Wasps are very mobile and occur in all vegetation types . 

The collembola (springtails) play a dual role, some members feeding on decomposing plant material, 
others feeding directly on living plant tissue. Collembola are very conmon in any mulch layer 
but are frequently overlooked, due to their tiny size. The most abundant collembola species 
belongs to the family Sminthuridae, sometimes called the globular springtails. 

In Appendix 11.3-G is a distribution list of the abundant plants and animals in the several 
vegetation types, arranged in order of decreasing elevation. This listing demonstrates clearly 
that animals are more ubiquitous than plants. 
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II.3.11.7 Rare or Threatened Species [X.18] 

Three endangered or threatened species of vascular plants are known to occur on the Reservation : 
Balsamorhiza ~. Erigeron piperianus, and Eriogonum thymoides. All occur on the ALE Reserve 
rather than the low lands where waste management activities are planned. In addition, Allium 
robinsonii may occur in the gravel bars along the Columbia River; it is also noted as a--
threatened species. 126 

The Hanford Reservation provides a refugium for several rare, threatened or indetenninate spe
cies.85 The prairie falcon (Falco mexicanus) nests in several regions on the Reservation, with 
the number of nesting pairs probably 1n the dozens. 83 The American peregrine falcon (Falco 
peregrinatus anatum) apparently does not nest on the Reservation but does in neighboring regions , 
probably in siiiaTTnumbers. Species lacking specific data to attest to their status but consid
ered to be possibly in some danger85 include the ferrugionous hawk (Buteo regalis). which nests 
in several sites on the Reservation but in small numbers; the American osprey (Pandion haliaetus 
carolinens i s). only a visitor; and the western burrowing 01111 (Speotyto cunicularia hypugaea). and 
the long-bi lled curlew (Numerius americanus). both of which nest on the Reservation in small but 
significant numbers. 

II.3.11.8 Primary Productivity (Plants) 

Arid and semiarid lands are not as biologically productive as humid or wet lands which can 
produce 2 or 3 kg/m2 annually .• In contrast, deserts produce about 70 g of herbage/m2 . Cheat
grass-tumble mustard conmunities on the ALE Reserve over the last 5 years produced herbage 
yields ranging between 110 and 330 q/m2 . 77 The annual producti vity of pristine stands of 
sagebrush-bunchgrass was detennined 74 to be about 100 g/m2 . On the ALE Reserve, annual produc
tion of herbage has been about 120 g/m2 in a sagebrush-grass conmunity. 

There are pronounced differences in species diversity between cheatgrass corrmunities and the 
sagebrush-grass conmunities. Nine species of plants, eight of which are annuals. contri bute to 
the herbage yield of cheatgrass conmunities . About 20 species contribute to plant biomass in 
the sagebrush-grass conmunity , and most of these are perennials of several different life forms. 

Although herbage production is the visible output of plant growth, a root system is also 
produced each year. Less than 25% of the root biomass in the cheatgrass conmun i ty penetrates 
deeper than 20 cm, compared to 50% for the sagebrush-grass conmun ity. The total root biomass is 
also greater in the sagebrush-grass conmunity compared to the cheatgrass conmunity, 1200 versus 
800 g/m2 • 

II . 3. 11 .9 Mineral Uptake and Cycling 

Herbage provides a source of energy, protein and essential minerals for herbivorous animals, but 
the amount of energy ava il able to consumers is quite variable. The average heat of combustion 
(total heat release, or caloric content) varies from 3.8 kcal/g for cheatgrass leaves to 6. l kcal/g 
for mustard leaves. Sagebrush leaves and native grasses fall in between. Although a crude 
measure of energy such as this does not measure usable energy, the relative contribution of the 
various species to digesti ble energy is probably similar. 

Plants extract minerals from the soil solution for their own functioning, making these minera ls 
available for consumer organisms. The amount of stable mineral elements that plants obtain from 
the soil in which they grow is important to radiation ecology, because some plants, such as 
greasewood, 86 accumulate mineral elements to significant concentrations. 

Continuous maintenance of life requires that mineral nutrients currently bound up in plant and 
anima l life eventually be returned to a conmon nutrient pool for use by succeeding generations. 
The rate of return is mostly governed by the activity of microflora and microfauna, organisms of 
decay which li ve on or i n dead biotic material. The metabolic activity of these microbiota 
(measured by CO 2 evol ut i on from the soil) is rather closely attuned to environmental conditions 
of temperature and moisture. 87 High levels of both temperature and water induce hi gh levels of 
soil CO2 evolution , but the climate of the Hanford Reservation precludes such coincidence in 
general . Consequently , soil CO2 evolution is usually low, implying re latively little micro
bioti c activi ty compared to, say, a humid climate . 

Measurements of loss from litter bags over a 2-yr period indicated that cheatgrass litter dis
appearance can be accurately thought of as an exponential process with a half-time of 6 tl year, 
much slower than the 1- or 2-yr half-time noted for bluebunch wheatgrass. Sageb1"1Jsh casts 
about 90% of its leaf biomass in early sU11111er, presumably a period of relatively slow decompo
sition, but weight losses88 from litter bags imply a half-time of about one year, very much. 
faster than cheatgrass l eaves and stems. However , leaf and inflorescense 1 itter - the annual 
portion of sagebrush biomass - represent on 1 y about ha·l f of a of the total standing crop. No 
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detectable weight losses of bark, branches, and buried roots occurred even after 2~1;2 years,ss 
indicating that minerals in these portions of the sagebrush conmunity remain unavailable for a 
relatively very long time. 

II . 3. 11.10 Animal Populations 

Most of the animals on the Hanford Reservation are nongame species having no direct link to man 
through the food he eats . However, these animals provide food for predators . Some of the most 
abundant animals on the Hanford Reservation .in terms of biomass per unit area are darkl ing 
beetles, which have attained a~ estimated peak biomass of 2 g/m2 (20 lb/acre) in cheatgrass 
conmunities. 89 These beetles can provide an important .food supply for some predators in autumn 
when adult beetles are active on the soil surface for a few weeks. 90 

Coyotes are wide-ranging animals that have the potential for wandering on and off the Hanford 
Reservation boundaries in search of food . Coyotes have disrupted the nesting of Canada geese on 
Columbia River i slands . 82 No studies have been made on the Hanford Reservation to determine the 
population densities or movements of the coyote, but an aerial patrol maintained for the ALE 
Reserve keeps casual coyote sightings recorded; the number of sightings doubled in recent years 
compared to 1969-1970. 

The relative freedom from "people use" makes the Hanford Reservation an attractive nesting 
refugium for large raptors. A scarcity of suitable places to build nests is one of the reasons 
for low density nesting populations of Swainson's and red-tailed hawks. 83 Marsh hawks, sparrow 
hawks, prairie falcons, burrowing owls and great-horned owls are known to nest on the Hanford · 
Reservation. The golden eagle, bald eagle and osprey frequent the Hanford Reservation in winter 
as a foraging ground. 

The mule deer and the Canada goose are the most important game species that use the Hanford 
Reservation as a breeding ground. Both rely heavily upon the relative security of the islands 
in the Columbia River as a sanctuary for rearing young . Over the past four years 180 mule deer 
fawns were tagged near the Columbia River and released; 17 tags were returned from legal kills 
and road kills, etc., some from more than 40 miles from the tagging site. 91 A 21-yr history of 
Canada goose nesting on the islands was sunmarized recently. 82 A recent decline in numbers was 
attributed to coyote predation during nesting. Over the study period, Hanford's nesting geese 
had 97 . 4% fertility, equal to or better than other nesting areas. 

II . 3. 11.11 Food Webs 

The dynamic interplay of the many organisms in an ecosystem can best be grasped by considering 
the rates and routes of energy transfers between species--the "fate and effects" of food in the 
ecosystem. The following is a synthesis of ecological transfers on the Hanford Reservation, 
based on a few representative organisms and interactions, beginning with potential transfers to 
man, then considering a nonanthropocentric ecosystem. 

II.3.11.11.1 Transfers to Man 

Historically, the unmodified steppe ecosystem of southern Washington provided relatively little 
food to man. Indian tribes relied mostly upon the Columbia River fishes as a food base. 
Apparently, steppe vegetation did not support bison nor antelope herds. 

Livestock grazing is not widely practiced; mule deer forage to some extent upon steppe vegetation 
but rely mostly upon riparian vegetation for food and cover. Since deer are mobile animals, 
some animals that are born on the Reservation are harvested off the Reservation by hunters. The 
chukar partridge is the most abundant upland game bird that can subsist on the food and cover 
provided by unmodified steppe vegetation. Although chukar partridges are not hunted on the 
Reservation, hunting is coomon in the Rattlesnake Hills, Yakima Ridge and the ·saddle Mountains . 

Ducks and geese are the more important biota with potential of contributing to the food chain to 
man. Hunting is not permitted on the Reservation, which serves as a refugium for ducks and 
geese during the hunting season. During the peak week of use in 1972, 1,100 ducks and geese 
were on ponds, 92 and 70,000 were on the Hanford reach of the Columbia River. 

II.3.11.11.2 Food Webs in a Steppe Ecosystem 

Figure II.3-42 shows a web of energy and nutrient transfers centering on cheatgrass. Although 
inadvertently introduced to the region, this grass is well adapted to the Hanford climate; 
physiologically, it is geared for growth under the cool conditions concurrent with Hanford's wet 
season. Consequently, green cheatgrass appears (as seedlings) when few perennials are growing, 
making it desirable forage for a wide variety of animals, including mule deer, coyotes, and 
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chukars. Mature cheatgrass seeds form important food sources for pocket mice and birds. The 
dead leaves and stems support a large number of microbiota, including mites, insects, nematodes 
and fungi. Figure II.3-42 demonstrates the motivation for discussing food webs rather than 
chains, because typi ca 11 y a consideration of "who eats whom" wi 11 result in many 1 inked transfers 
rather than a simple linear cascade of matter and energy through the ecosystem. Similar webs 
could be constructed around each plant species on the Reservation. 

G lycyphagus sp. 

Tyrophagus sp. 

BIRDS 
MEDIUM 

MAMMALS 

FIGURE II . 3-42 FOOD WEB CENTERED ON CHEATGRASS 

LARGE 
MAMMALS 

The edges of all food webs involve the same top carnivores--coyotes, eagles, owls, and so on 
--and all webs have a t ransfer into the microbiota, indicated by t he transfer to fung i and 
bacteria. Microbiota are critical for continuous functioning of an ecosystem, but generally 
they are difficult to discuss with the same degree of concreteness as the larger organisms, 
because they are numerous, small, transient, hard to identify, and difficult to observe in 
action . 

II.3.11.12 Ecological Research Results and Availabil i ty 

The preceding pages sunmarized some aspects of the ecological systems of the Hanford Reservati on ; 
more cou ld be written based on the many years of research at Hanford . A current and comp lete 
bibl iography of journal arti cles, annual reports, Batt elle documents and other wri t i ngs by the 
staff of the Ecosystems Department is available . 93 Many of the references in that bi bliography 
devol ve directly from ecological research on the Hanford Reservation . 

Good bibliographies of world-wide publications concerning ecological aspects of radioacti ve 
waste management are avai lable, both fo r radioacti ve waste i n genera1 94 and for transuranics 9 5 

specifically . 
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II . 3. 12 Natural Radiation Background and Fallout Radioactivity 

The natural radiation background has three components: 

• naturally-occurring long-lived radionuclides, predominately 4 °K, uranium, and thorium, 
and their radioactive daughters 

• direct radiation from cosmic radiation and its secondaries 

• nuclides fanned by interaction of stable elements with high-energy radiation. 

The latter occurs to a significant degree only with the lighter elements in the outer layers of 
the earth's atmosphere, but large scale atmospheric movements transport the radioactive species 
to the earth's surface. Tritium and 14C are well-known products, but other nuclides such as 
7Be and 22Na can readily be measured in ambient air . Superimposed on the natural radioactivity 
is residual fallout from atmospheric weapons testing, mostly tritium and fission products with 
half-lives of a year or more, (e . g., s0sr, 106Ru, 1 j 7Cs, U, and 239Pu.) All of these radio
nuclides are undoubtedly present in all surface environmental media, but even unusually good 
radioanalyses will show measurable concentrations of only a few of the many possible nuclides . 
Direct radiation at the earth's surface also reflects the combined inventory from all the given 
sources. 

Measurements of background radioactivity in air tend to be quite variable in space and time. 
{Variab i lity and ranges of measurement are given in Table II.3-7 . ) Major factors affecting 
these measurements include : 

• distance from soil or ore bodies containing uranium and thorium 

• altitude (or depth) 

• seasonal movements of large air masses 

• occurrence of precipitation 

• persistence of atmospheric stability . 

TABLE II.3-7 

CONCENTRATIONS OF RADIONUCLIDES IN SURFACE AIR 
AT RICHLAND, WASHINGTON, 1972 

_{Background, Fallout and Hanford Contributions) 

~ (10-J pC1/m3) ~ (lo-3 pC1/m3) 

7Be 45-90 11 CfflAg 0.002-0 . 05 

22Na 0. 005-0.03 124Sb 0.005-0 . 05 

40K 0.23-1 .8 125Sb 0.4-2 

46Sc 0.0005-0 . 01 129! 3.8 X 10-5-38 X 

s414n 0.04-0 .22 134cs 0.03-2 

57Co 0.01-0.1 137cs 2-9 

saco 0. 005-0.5 14081 0.05-9 

soco 0.005-0.1 144c, 2-30 

65zn 0.005-0.1 155Eu 0.0005-0.005 

88y 0.005-0. 04 226Ra 0.004-0.03 

90Sr 0.5-5 232Th 0.01-0.2 

95zr 1.4-45 238Pu 0.01-0.2 

103Ru 0.5-32 239Pu 0.01-0.2 

106Ru 2.2-14 
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The Hanford site, at approximately 45° N. latitude and with elevations from about 300 to 700 feet 
above MSL, shows less than average (for the U.S.) cosmic radiation. Some indications of small, 
naturally-occurring uranium and thorium sources are present, mainly as elevated concentrations 
of radon and thoron daughters during atmospheric inversions . The arid climate tends to minimize 
the amount of fallout nuclides accumulated in local soils. 

II.3.12.1 Direct Radiation 

For the last several years the contribution of fallout to the direct radiation has decreased to 
the point where it constitutes on the average less than 7% of the total terrestri al exposure. ? 6 

The whole-body external dose in the vicinity of Hanford was estimated recently 38 as 75 to 
92 mrem per year. 

II.3 .12.2 Air 

A particulate air sample collected in eastern Washington and counted irrmediately upon collecti on 
would yield predominately radon daughters; RaA, RaB, Rae, and RaC. 1 If allowed to decay for one 
week, the radon daughters would go through several half-lives and be much less dominant . Shown 
in Figure I I . 3-43 is the range of radionuclides measured i n airborne 
parti culates with a high-volume sample at Richland, Washington from 1962 through 1972. This 
chart also shows the timing of atmospheric tests of nuclear weapons in re lation to the measured 
air concentrations at Richland, as well as the weapon yield in megatons. Plutonium-238 and 
2 38 Pu/ 2 39Pu ratios show the i nfluence of a 2 38 Pu source contained in a space vehic l e which 
burned i n t he atmosphere in 1967 . 

II.3.12 . 3 Columbia River 

Table II.3-8 shows the background and fallout nuclides found 38 in the Columbia River ups tream 
from Hanford at Priest Rapids Dam in 1972. Uranium concentrations in the river, for wh i ch t he 
alpha activi ty concentrations are an approximation, may have been affected over the l ong tenn by 
such human activities as mining, dam construction, and irrigation, but the local record does not 
so indicate. 

II . 3. 12.4 Groundwater 

TABLE II.3-8 

CONCENTRATIONS OF RADIONUCLIDES IN COLUMBIA RIVER 
WATER UPSTREAM FROM HANFORD, 1972 

Radionuclide 
Al pha 
3H 
46Sc 
Slcr 
60Co 
65zn 
90Sr 
131 I 

137Cs-137m8a 
239Pu 

(lo-9 uCi/ml) 

Analy . 
Limit ---
0. 3 
220. 
25 
20 
15 
2 
0. 5 
1. 0 -

3.0 
0. 01 

Max. 
0.74 
1400 

20 
0.30 
2. 0 
2. 8 
5.2 

,.. 

0. 03 

Vernita 
Min. 
0. 30 

... 

" 

" 

* Less t han the analytical limi t shown 

~ 
0. 54 

" a.so 
1.2 

" .. 

Natural ly occurring radionucl i des noted in wells in the Hanford region are 4 °K and members of 
the uranium and thorium series. Tritium in the groundwater can be detected near areas of surface 
recharge occurring since 1955, but in older groundwater; concentrati ons are l ess t han 10 pC i/t. 
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II.3.12 . 5 Vegetation 

For the purpose of this report the vegetation is split into two categories : 

• food cnains leading to man 

• natural vegetation not normally eaten by local livestock. 

Table II.3-9 aives the values for nuclides found in both categories during 1972 in the genera l 
Hanford area. ~8 

TABLE I I. 3- 9 

RADIOACTIVITY CONCENTRATIONS IN VEGETATION NEAR HANFORD - 1972 
( pCi /g - dry weight) 

Leafy Green Natural 
Nuclide Composite Vegetation Grass 

40K 24-5 .0 2.7-21 1 . 6-19 

54Mn NA tlA <!). 009-0. 12 

60Co NA <O • 04-0. 09 <O. 001 -0 . 02 

65zn <0.08 NA <0.03 

88y NA NA <O . 008-0. 02 

89Sr 0.004-0.008 NA NA 

30sr 0.008-0 .003 0.02-2.1 NA 

95zrNb 0.04-0 . 14 0. 14-2 . 1 <O. 1-4 . 3 

106Ru <0 .08-1 .o <0 . 4-5 . 7 <0.06-4.9 

125Sb NA NA <{). 04-0. 71 

137Cs <0.04-0.09 <0.24-5.8 0. 14-4.7 

144ce <0.35 <O. 4-4 . 4 <0.4-7 . 7 

155Eu NA NA <O .01 

226Ra NA NA 0.1-0 . 5 

232Th NA NA 0.02-0.8 

239Pu NA 0.001-0 .010 NA 

unat NA 0.01-0.23 NA 

NA - Not Analyzed 

II.3.12.6 Sediments 

Radionuclide concentrations are given in Table II.3-10 for samples collected near or on the 
Hanford site during 1972. The Columbia River sediment samples for which dates are given were 
collected behind Priest Rapids Dam upstream from the Hanford site . 
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TABLE II.3-10 

RADIOACTIVITY IN THE COLUMBIA RIVER 
SEDIMENT UPSTREAM FROM HANFORD - 1972 

II.3.12.7 Miscellaneous Foodstuffs 

(pCi/g - dry weight) 

Nuclide 

40K 
54Mn 
60co 
65zn 

137 Cs 

Sediment 

20 ... 30 
1 

- 6 

Miscellaneous foodstuff items 38 are collected locally and should be representative of the 
Hanford area . Radioactivity in gamebirds and food animals collected near Hanford i n 1972 i s 
given in Table II.3-11 . Radioactivity for 1972 in milk and eggs, collected from both colTITlerci al 
sources as well as l ocal irrigated farms, is shown in Table II.3-1 2; measurable radioact i vi ty is 
attributed to non-Hanford sources . 

TABLE I I. 3-11 

RADIOACTIVITY IN GAMEBIRDS AND FOOD ANIMALS NEAR HANFORD, 1972 
(pCi/g - wet weight) 

Animal 32? 40JC 6°t:o 90Sr 137Cs 239Pu 

Whitefish <1-1.8 26-4. 9 <O. 15-0. 18 <0.002-0. 003 <0.10-0 . 22 <0 . 003-0.008 
Ducks NA <2 . 4-4 . 9 <0.15-0 . 24 <0.002-0 . 009 <0.10-1.2 <O. 003-0 .008 
Geese NA 2. 4-4 .7 <0. 15 <0.002-0.017 <0 . 10-0.97 
Pheasant NA <1 .8-3 .2 <0. 15 <0.002-0.006 <0 . 10-0. 15 NA 

Chick.en <1 2.0-2 .8 NA <0.002-0 . 004 <0 . 03-0 . 04 
Beef NA 1.5-2 .8 <0.1 5 <0.002-0.006 <0 .02-0. 08 NA 

NA - Not Analyzed 

TABLE II.3-12 

RAD IOACT IV ITY IN LOCAL MILK ANO EGGS , 1972 38 

(pCi/i - milk; pCi/g - eggs) 

Item 40JC 89Sr 90sr 131 I 137cs 

Milk 0. 74-1.9 <0.002-0.002 <0.002-0.005 <0.002 <0. 03-0 .05 
Eggs 0.8-1. 4 NA 0.002-0. 03 NA <0. 03-0. 04 

NA - Not Analyzed 

II . 3.1 3 Radiological Status of the Hanford Site and Environment 

Radiological surveillance of the Hanford environment began with the first reactor startup in 
1944 and has played a significant role , not only in evaluation the adequacy of waste management, 
but also in providing significant scienti f i c data not otherwi se available. Although the 
relative emphasis has shifted through the years and there has been si gnificant interaction , 
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these two purposes have largely been met by a separate operational surveillance program and a 
series of special scientific studies. The latter have generally been published in the open 
literature63 as well as in topical reports or in annual reports to sponsoring AEC (ERDA) 
Divisions. In recent years, the routine surveillance program results have been documented and 
published in a ser;es of annual reports of radiological condition~ in the site environment38 
and of the radiological status of the Hanford site; 97 the status of the groundwater beneath the 
Hanford site has been documented separately in semiannua l reports. 52 The following sections 
include extracts from 1972 reports; data from the most recent report (1974) are included in 
Appendix III-G. 

Although the emphasis here is ·on 1972 measurements, these data reflect the residual accumulated 
effects of almost 30 years of Hanford operations. 

II.3.13.1 Columbia River 

N Reactor, the only production reactor rema1n1ng in operation at Hanford during 1972, uses 
rec i rculating, demineralized water as a primary coolant. Wastewater containing some rad ioactive 
material is discharged to the ground in the 1301-N Crib . Many of the radionuclides are short
lived and disappear quickly due to radioactive decay before reaching the Columbia River; others 
are largely absorbed on soil particles and retained i n the soil. 

Some residual long-lived activity from previous single-pass reactor operation is still measurable 
where sediments are accumulated. Scouring by high river flows of these sediments, including 
those deposited in reservoirs behind each downstream dam, causes seasonal fluctuations in trans
port rates of those longer-lived nuclides associated with the sediments. 

Table II.3-13 shows the maximum, minimum, and annual average radionuclide concentration in 
Columbia River water upstream of the Hanford site at Vernita and downstream at Richland for 
1972. 38 The average radionuclide concentrations were less than 1% of the Concentration Guides 
{CG) for water for all the radionuclides in Table II.3-13. Except the 2.2% of the CG for an 
unknown mixture of alpha-emitters. Table II.3-14 shows river transport rates for 1972 of five 
radionuclides at Richland and at Bonneville Dam, approximately 490 1cm (240 miles ) below the 
N Reactor. This is the farthest downstream location where river water is routinely sampled as 
part of the Hanford Environmental Surveillance Program; measurements at this location approximate 
the annual transport of specific nuclides into the Pacific Ocean . More sensitive high volume 
measurements for several radionuclides were made at McNary Dam, the first dam downstream from the 
plant, as part of a special study of the changing inventories of radionuclide content and trans
port in river sediments following the shutdown of the old single-pass, water-cooled reactors . 
This data is tabulated in Table II.3-15. 

An inventory of radionuclides from Hanford reactors present in the Columbia River and Pacific 
Ocean was estimated for the year 1970, before the last of the direct-cooled plutonium production 
reactors was shut down and at a period when shorter-lived activation products (24 Na, 32P, 46 Sc , 
51Cr, 56Mn, 76As) were prevalent in the reactor effluents. This estimate 98 was based on 
extrapolation backward from river transport data at Richland. 40 By the end of 1972, virtually 
all of the shorter-lived nuclides had disappeared, although a residual of about 1000 Ci of 65 Zn 
(half-life of 8 months) remained. In addition, some 4000 Ci of 60 co and 2000 Ci of 152 Eu are 
estimated to still have been present in the aquatic environment, along with about 30,000 Ci of 
tritium and 10,000 Ci of 99Tc and less than 1000 Ci of all other nuclides . Of special interest 
is the estimated inventory of one to two curies of 239Pu from the decay of short-lived 239 Np in 
the reactor effluents. Virtually all of the triti1m1 and most of the other radioactivity were 
transported via the river and was distributed over thousands of square miles of ocean. Estimates 
of the environmental inventory from Hanford operations are currently being reviewed and the 
quantities given here are subject to change; however, these estimates are believed to provide 
upper limits. 

Research studies sponsored by the AEC (ERDA) at the University of Washington and Oregon State 
University have, among many other objectives, been addressed to the distribution, fate, and 
significance of radionuclides of Hanford origin in the Columbia River estuary and the Pacific 
Ocean and its connecting bodies of water. The results of these studies were published in a 
number of graduate theses and scientific papers 99 , 100 as well as in a series of annual progress 
reports. Perhaps the best sumnary of this· work through 1971 is given in a collection of articles 
in Reference 101. Several contributors to this volume noted the usefulness of the low concentra
tion of radioactivity in the river water as radioactive tracers for their investigations. Docu
mentation is provided for 1) the seasonal changes in distribution of Columbia River water and 
associated sediments in the ocean, with prevailing northward drift in the winter and southeast
ward in the sunmer, 2) the dominance of 51cr and Sszn in the measurable radioactivity during the 
years of direct-cooled reactor operation, and 3) some data on concentration factors for these and 
other nuclides in shellfish and other marine biota. 
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TABLE II.3-13 

CONCENTRATIONS OF RADIONUCLIDES IN COLUMBIA RIVER WATER FOR 1972 
(10-9 uCi/ml) 

VERNITA 
Analy . No. of Percent 

Radionuclicie Limit Sameles i·lax. Min. ~ of C.G. C.G. 
Alpha 0.3 12 0.74 0.30 0.54 1.8 30 
3H 220 12 1400 * 

.,, 
0. 003 3,000,000 

46Sc 25. 5 * * * <O . 01 40,000 
51 Cr 20. 5 20 . * .,, <0. 01 2,000,000 
60co 15. 5 0.30 * .,, <O. 01 17,000 
65Zn 2. 5 2. 0 * .,, <0.01 100,000 
90Sr o.s 12 2.8 * a.so iJ. 17 300 
131 I 1.0 5 5.2 * 1.2 0.4 300 
137c5_137m8a 3.0 8 * * * <0. 01 20,000 
239Pu o. 01 4 0.03 * * 0.0005 1,700 

RICHLAND 
Analy. No . of Percent 

Rad ionuclide Limit Sameles :--1ax. Min. ~ of C. G. C.G. 
Alpha 0.3 12 0.92 0.48 0. 67 2.2 30 
3H 220 12 1300 * 

.,, 0. 003 3,000,000 
32p 6. 11 * * 

.,, <0. 02 20 ,000 
46Sc 25 . 53 * * * <0. 01 40,000 
Slcr 300 53 700 * 

.,, 0. 005 2,000,000 
60co l 5. 53 42. * * <0.02 17,000 
65zn 2.0 4 2.0 * * <0 . 01 100,000 
9Qsr 0. 5 13 0. 55 0. 12 .,, 0.1 2 300 
131 1 6. 0 26 6.4 .,, .,, <0. 03 300 
137C5 _137m8a 3.0 7 * * * <0. 01 20,000 
239Pu 9. 01 4 0.06 * * 0.001 1,700 

• Less than the analytical limit shown • 
No entry indicates no specific ana lysis was made. 
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TABLE I I. 3-14 

ANNUAL AVERAGE TRANSPORT RATES OF SELECTED RADIONUCLIDES 
IN THE COLUMBIA RIVER AT RICHLAND AND AT BONNEVILLE DAM, 1972 

(Ci/day) 

Richland Bonneville 
Max. Min. Avg . Dam 

46Sc <15 . 0 <l.7 <0.1 

51cr 340 0 <36 

60co 42 0 <3 . 9 

65zn 28 0 <3 . 1 <l 

131 I 1. 7 <0 . 04 <0 . 35 

TABLE II.3-15 

ANNUAL AVERAGE RADIONUCLIDE CONCENTRATIONS 
IN COLUMBIA RIVER AT McNARY DAM, 1972 

(lo-12 -µCi/mt) 

60co 65zn 137 Cs 54Mn 

Filterable 180 190 132 39 

Non-Filterable 18 24 16 22 

Total 198 214 148 61 

As a result of these studies, shellfish from the Willapa Bay location were identified as the 
critical exposure pathway for Hanford effluents reaching the estuary; sampling of these were 
incorporated in the Hanford Environmental Surveillance Program. As reported in annual surveil 
lance reports, radioactivity in these shellfish has decreased since 1970 at approximately the 
rate indicated by the radioactive half-life . 

II . 3.13.1 . 1 Columbia River Bed Contamination Studies 

The radionuclide discharges in the cooling-water effluent of the original single-pass reactors on 
the Hanford Reservation were formed by neutron activation of 1) impurities in the Columbia River 
water used to cool the reactors, 2) corrosion products from reactor components, and 3) chemicals 
used in the water treatment process . In the river the radionuclides were associated with sediment 
and biota or remained in solution and subsequently were distributed downstream throughout the 
river system and the Columbia River estuary to the Pacific Ocean. The most abundant radionuclides 
found in the sediments are 54Mn, 60co, 65 Zn, 137Cs, and 152Eu and 154Eu, although at one time 
46Sc and 51 Cr were major components. Studies 32 show that radionuclide concentrations are 
somewhat related to particle sizes of the sediments. 

II.3.13.1.2 Radioactivity in Drinking Water 

The city of Richland, about 75 km (45 miles) downstream from N Reactor, is the first corrmunity 
below the Hanford site that uses the Columbia River as a source of drinking water. Pasco and 
Kennewick, a few miles further downstream, also use the Columbia River as a source of drinking 
water. The Richland and Pasco water plants use a modern flocculation-filtration treatment 
method; water for Kennewick is pumped from Raney Well collectors (infiltration pipes) laid in the 
riverbed. 

During 1972, cumulative and grab drinking water samples were collected at the Richland water 
plant and were analyzed 38 for selected individual radionuclides and gross beta activity 
(Table II.3-16). Average radionuclide concentrations in Richland drinking water samples, except 
for total alpha, were much less than 1% of the CG. The estimated annual GI tract dose for the 
average Richland resident from the cons1J11ption of drinking water derived from the Columbia River 
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was <0.1 mrem. Radionuclide concentrations in drinking water at 100-H were also measured in 1972 
during occupancy by non-AEC contractor personnel; the calculated GI tract dose from this source 
was estimated as 3.2 mrem. 

TABLE II.3-16 

CONCENTRATIONS OF SEVERAL RADIONUCLIDES IN RICHLAND DRINKING WATER - 1972 
( 1 o-9 1,1.Ci /mt) 

Analytical I of Concentration 

Radfonucl ide Lfo,it ~ ~ !!!!!.:. ~ i of Concentration Guide 

Alplla 0.61(•) 53 3.9 0.71 

S.U(b) 0. 220 53 0. 360 • . 
46sc 23. 53 37 . . 
Sier 300. 53 420 . . 
60co 20. 53 39. . 
65zn 35. 53 84 . . 
905,. 0. 4 12 0. 38 . 0. 22 

137 Cs• l 37"'aa 0.6 53 49 . . 
(•l Concentr1ti011 Goiide for 1n unknown mixtuA not Includ ing plutoni ... 
(bl Concentr1ti011 Guide 2,000,000 . 
• LISS tun the 1n&lytic1! 1 fm1t. 

II.3. 13 . 2 Ditches and Ponds 

2.4(a) 

<0.01 

<0 .01 

,0. 01 

, 0 . 01 

<0.01 

•0.07 

<0.01 

Radionuclide concentrations in samples collected from open waters on the Hanford Reservation 
during 1972 were below 5 x 10- 5 uCi/mL. Tab le II.3-17 shows average 1972 concentratio ns for open 
ponds on the Hanford site as detennined by routine samples. 

TABLE I I. 3-17 

GAMMA ACTIVITY IN WASTE WATER SAMPLES - 1972 
(lo-9 uCi/m.e.) 

Location ~ 
46sc Ste,. 60co 65Zn 95 zrNb 106~uRh 137 Cs 140SaLa 144CePr 

west Lake 6/2 . 
10/13 

Gible Pond 1/14 9. 4 
4/7 . . . 37 • 
717 . . . 90 . 
10/13 32 . 

B ~ond 1/14 . 59 . 
4/7 
717 
10/13 . . . 

T Pond 1/1 4 . . . 35 . 
4/7 
7/7 

S Pond 1/1 4 . 62 . 
4/7 40. 
717 . 170. 
10/13 . . 

u Pond 1/14 . 
4/7 . . . . . 
7/7 • . . 220 • 
10/13 . . 

lledox Pond 1/14 . . . . 
4/7 . . . . 330 • 
717 . . . • . . 

216 8 63 Ditch 1/14 . . . . . . 
4/7 . . . . 
7/7 . . • • . . 
10/1 3 . . . • . . 

331 Pond 1 /11 . • . . . 
4/4 . . . . . . 
7/11 . 440. . . . . . 
1-0/10 . .• . 

•t..ss thin analyti cal lfmit. 
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II.3.13 . 3 Airborne Radioactivit:z: 

Tables II . 3-18 through 21 give a sWTmary of 1972 data for radioactivity in air at and near 
the Hanford site. Concentrations of 131 ! in the atmosphere, measured in charcoal samples , were 
below 2 x 10- 14 ~Ci/mi . 

TABLE I I. 3-18 

RAD IOACTIVITY IN AIR AT HANFORD ONSITE LOCATIONS - 1972 

(lo-12 ~Ci/mi) 

Beta 131 1 Aleha 
Analytica 1 Limit 0.02 0.02 0.001 

Location ~ Min . ~ Max. Min . ~ Max . Mi n. ~ 
200 ENC 30 . 0.19 4.6 * * * 0.060 * 0.004 
200 ESE 0.56 0. 014 0.294 0.062 * * 0. 012 * O.OC2 
200 WEC 0. 69 0. 029 0.228 * * * 0. 053 * 0.003 
Redox 0. 58 0. 043 0.220 0.043 * * 0.005 * 0.002 
300 Area 0. 70 0.016 0.138 0. 112 * * 0.008 * 0.002 
ACRMS 1.2 * 0.124 * * * 
100- K 0.48 * 0. 147 
100-N 0. 40 0.023 0.130 0.073 * * 0.007 * 0.002 
100-0 0.46 0.018 0.128 
100-H 0.53 * 0.144 0.008 * 0.002 
100- F 0. 51 0. 022 0.124 
Hanford 1.7 0.015 0.212 0.010 0.001 0.002 
Wye Barricade 0. 55 0.089 0.243 * * * 0. 005 * 0.002 

; Rattlesnake 0.66 0.062 0.187 
ERC 0. 41 0.046 0.163 
Yakina Barricade 0.62 0. 069 0.189 * * * 0.005 0.001 0.002 
Vernita 0. 36 0. 013 0. 158 
Wahluke #2 0.43 0. 016 0.165 

I 

I .., 
•Less than the analytical limit . 

No entry indicates no analysis 1!11S performed. 

TABLE II.3-19 

ANNUAL AVERAGE CONCENTRATIONS OF SELECTED RADIONUCLIDES IN 
AIR AT HANFORD ONSITE LOCATIONS - 1972 

0' (lo-12 µCi/mi) 

90sr 95 zrNb l 06RuRh l34cs 137cs·137"'aa 140Sala 144cePr 
Total 
..!.L.. 

Concentration Guides 200 1000 200 400 500 1000 200 
Active Areas 

Active Area 11 0.021 0.68 * 0. 06 3. 1 0.61 * 0.00004 
Active Area #2 0. 003 0.0002 
Active Area #3 0.003 0.044 0.16 * 0.049 0.053 0.035 0.0001 
Active Area 14 0. 001 0.024 0.20 * 0.004 0.047 0.042 0.000004 
Active Area #5 0.027 0.24 0.007 0.01 0.-13 0.055 

Inner Ring 
Inner SW Quadrant 0.002 0.032 0.26 • * * 0.038 0.00003 
Inner NW Quadrant o·.001 0.030 0.22 • 0.005 * 0.032 0.000009 
Inner East Quadrant 0.001 0.036 0.27 • 0.012 * 0.042 O.OC006 
Inner NE Quadrant * 0.035 0.24 • * * 0.037 0.00002 
Inner SE Quadrant 0.001 0.027 0.26 • * * 0.044 0.00002 

•Cess than the analytical limit. 
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TABLE II.3-20 

RADIOACTIVITY IN AIR AT HANFORD OFFSITE LOCATIONS - 1972 
( 1 o-12 µC/mt) 

Gross Aleha Gross Beta 1311 

Analytical Limit 0.001 0.02 0.07 
Concentration Guide 0.03 100 100 
Eastem Quad. Max. ~ ~ ill ~ ~ Avg. % CG Max. Min. ~ LU.:. --. 

Othello . 006 * .002 6.6 .44 .03 .18 .1 8 * * * <l 
Wahluke W.M. .so .01 .14 .14 * * * <1 
Connell .58 .01 .16 .16 * * * <1 
New Moon * . 46 .03 .16 .16 .043 * " <l 
Eltopia .40 .04 .15 .1 S 
Pasco .005 * .002 6.6 .35 .03 .17 .17 * * * <1 
K.ennewi ck .44 .03 .16 .16 
Richland .005 .001 .002 6.6 .43 .04 .17 .17 * * " < 1 
Ber,J Ranch .006 * .002 6.6 .92 .03 .22 .22 .056 * • <1 
Ringold .006 .001 .002 6.6 .57 .03 .18 .18 * • * <l 
Byers Landing .006 .001 .002 6.6 .45 .OS .1 6 .16 .071 * " <1 

Perimeter Cornnunities 

0 
Sunnyside .37 . 01 .12 .12 
Ellensburg .20 . 02 .1 0 .10 
Moses Lake .35 .03 . 14 .14 

C' Washtucna .42 . 06 .1 6 .1 6 
Walla Willa .004 * .001 3.3 . 45 .02 .15 .15 

': 
McNary Dul .006 .001 .002 6.6 3.6 .04 . 29 .29 

Westem Quad. 
Yakina Barr. .005 .001 .002 6.6 .62 .07 .1 9 .19 * * < 1 
Vemita . 36 .01 .16 .16 
Wahluke 12 .43 .02 .16 .16 
ERC .41 .OS . 16 . 16 
Rattlesnake Spr . .66 . 06 . 19 .19 
Benton City . 005 * .002 6.6 . 41 .04 .17 . 17 * * <l 

* Less than the analytical limit. 
No entry indicates no analysis was made. 

TABLE I I. 3-21 

AVERAGE CONCENTRATIONS OF SELECTED 
RAOIONUCLIOES IN AIRi QUARTERLY AVERAGES - 1972 

(lo- 2 µCi/mt) 

Average 
90Sr 

Average 
Gross Beta % C.G. Total Aleha Pu Aleha % C.G. 

Concentration 100 10 .03 .02 
Guide 

Eastern guad . 
Jan-March .11 5 . 001 .01 .002 .000005 .025 
April-June .281 . 001 .01 .001 .000015 .075 
July-Sept. • 181 .002 .02 .001 .000045 .225 
Oct.-Dec . .092 .0001 .001 .003 .000006 .03 !, 

Perimeter 
Co11111Unities 
Jan-March .109 .001 .01 .002 .000006 .03 
Apri 1-June .309 .001 .01 .002 .00002 . 1 
July-Sept. .146 .002 .02 .001 .00003 . 15 
Oct.-Dec. .059 .001 .01 .002 .000025 .125 
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At most locations, both onsite and offsite, the average total beta particulate activity was 
similar to that of recent years, except that no pronounced summer peaking was observed. The 
maximum measured beta particulate activity, 3 x 10- 11 uCi/mi, occurred in October at a 200 East 
Area fence-line location. Annual average beta particulate activity ranged between l and 
2 x 10- 13 uCi/mi and 2 to 3 x 10- 13 µCi/mi in the 100 and 200 Areas, respectively. Offsite beta 
acti vity ranged from l to 3 x 10- 13 µCi/mi and averaged about 2 x 10-1 3 µCi/mi. Total alpha 
concentrations in air during 1972 averaged about 2 x 10- 1 5 uCi/mi at most locations. Analyses of 
compos ite samples all showed less than 10-16 uCi/mi plutonium. Table II.3-21 shows seasonal 
variations . 

II.3.13 . 4 Soil and Vegetation 

Plutonium concentrations in soil and vegetation at perimeter sampling locations in 1972 were 
typical of current general levels for the arid western states (Tables II.J-22 and 23) . Cesium-137 
was present in several onsite vegetation samples from near the 200 Areas at higher concentrations 
than at perimeter sites. Concentrations of ganma-emitting radionuclides and 90 Sr at perimeter 
sites are believed to be the result of regional fallout. 

TABLE I I. 3-22 

CONCENTRATIONS OF RAD IONUCLI DES IN SOIL SAMPLES - 1972 
( 1 o-6 µCi/g) 

Onsite 

40K 58co 60Co 65z,, 90Sr 95ZrNb 106Ru 

Location ~ 2 1n . 1 in. 2 1n. 1 In. 2 1n. ~ 2 1n. ~ 2 1n. ~ 2 1n. 1-l!!_. 2 1 n. 

W. of 100-N 16 . 16. . 03 • 11 .08 . . .04 .05 .29 . 31 .89 
331 16 . 16 . . . 04 . 11 . . . . OS .06 . 20 .84 
FFTF 14. 14 . . 07 . 04 .11 . 19 . OS .02 .29 .21 . 51 . 43 
Wye Barricade 1 s. 17 . .03 • . .28 .18 .21 .60 
Hanford 13. 14 . . 06 • . 10 .10 . .33 .26 . 14 1.4 .49 
100-F 11 . 14. . 02 .03 . . . • 28 . 10 . 1.2 1.2 
200 Fire Station 14. 16. . 03 . 03 . . . . 22 . 11 .40 . 20 . 73 1. 4 
200-E Hill 15. 11. . .. . . 71 .30 .42 . 53 
Rt . 4x11A 16. 16. .. . .21 .OS . 98 . 59 
Anny_ Loop Road 12 . 13. • . 39 .. as . 33 .38 1.4 .43 

Average Ons i te 14. 1 s. . 03 . OJ . 03 .03 .OS .26 .1 2 .22 . 21 . 73 . 72 

Perimeter 

Benton City 14. 14. . . . . · .38 .27 . 27 . 1. 6 
ERC 16 . 15. . • . 07 . .18 . 10 .03 1.5 . 72 
Rt. 240 CP54 14 . 15. . . 04 . . 20 .09 .Bl 
R1ttl esnake Sor i ngs 12. 14 . . . 10 . . . . 01 .03 . . 55 
YakiN Blrricade 13. 12. . • . . . . 12 . 11 .24 .04 . 
Verni ta 16. 16. . 041 . . 06 . 10 . .1 0 .04 .25 . 57 . 91 
W1hluke '2 12. 14 . . . 04 .JO .13 . 36 .4S 

Berg Ranch 12. 13 . .05 . 20 . 07 .25 .30 . 
Ringold 16 . 14 . . 11 • • . . . . 12 .08 . 54 1 .J 
Byers P.H. 20. 18. . . . OB .09 1.2 .28 
Byers L11"1 i ng 18. 13. • . . . . . 13 .18 . 34 .1 3 . 
Riverview 14 . 13. • . . 15 . • . 23 . 17 . . .84 . 70 
North Richlind 16. 14. . . . . . .32 .1 8 . 23 . 2.2 

Average Perimeter l 5. 14. . 01 . 01 . 04 . .02 . . 18 . 11 .28 . 12 .64 .36 

Onsite 

134cs 137cs 144cePr 224Ra 226Ra 238?u 239?u 

~ !....!!.. 2 1n . 1 1n. Ll.!l:. !....!!.. 2 in. 1 in. 2 1n. !....!!.. 2 1n. !....!!.. 2 1n . !....!!.. 2 1n. 

W. of 100-N 
. . 27 .65 .48 1.2 . 76 2. 1 1.6 . . 61 .006 .015 . 022 

331 
. • • 15 . 25 . 41 . 1.7 .88 . 59 .62 . .012 .003 .003 

FFTF .as • .13 .06 .39 . 1.0 1.2 . . 47 .004 . 006 .005 .011 
Wye . Blrric1de • • .76 .42 . 79 1.3 1.5 2.4 .so . 79 .003 .005 .014 . 016 
Hanford . 18 .09 1.2 .31 .53 .89 .54 1.8 . .56 .005 . .024 .004 
100-F • . 06 . 65 .41 .97 .74 1.6 1.3 . . 44 . .009 . 005 
200 Fire Station • . 06 .24 .29 .55 .80 1.2 2.4 .62 .64 . .017 . 012 
200-E Hill .08 . 04 1.8 .J4 .81 .75 .88 1.6 .s; .51 . . .023 .008 
Rt. 4xl1A . 07 .49 .30 .40 . 51 2.1 2.4 .80 . 59 . . .009 .009 
Army Loop Road • . 1.4 .31 • .84 1.3 3.2 . 56 . 88 . .006 . 021 . 009 

Average Ons i te .04 .06 . 75 .30 .60 . 68 1.4 1.9 .so . 61 .002 .004 . 014 .010 

*Less than tht analytlcal I lalt. 
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TABLE I I. 3-22 (Continued) 

134cs 137cs 144cePr 224Ra 226Ra 238Pu 239Pu 
Locat1on Ll.!l:. 2 1n. Ll.!l:. z In. Ll.!l:. 2 1n . 1 In. 2 1n. 1 In. 2 1n. Ll.!l:. 2 1n. Ll.!l:. 2 1n . 

Perimeter 
Benton City • . 10 1 . 1 .84 1.3 1.4 1.6 1.8 . 61 .55 .023 . 011 
ERC . .06 . 04 • . 68 1.1 2.7 2.2 .69 .47 .011 .001 .0 13 
Rt. 240 CP54 .04 . 01 . 51 .19 1.2 .32 1.9 2.3 .84 . 77 .003 .004 .006 .004 
Rattlesnake Spr1ngs . . 13 1.5 .35 1.4 . 1.9 1 .6 1 .3 .86 . .011 .006 
Yaki1111 Barricade . . 07 . 26 .36 .52 .93 1.6 1.6 . 72 . 56 .003 . .005 .005 
Verni ta • .01 . 25 .17 .73 . .93 2.1 . .008 .003 .001 
Wahluke 12 . .14 . 72 . 16 1.1 1.0 1.3 1.3 . .81 . .006 . 010 .003 
Berg Ranch • . 12 . 23 • 1.1 .65 1.4 1.2 .57 . 66 . .016 . 007 .002 
Ringold . . .40 . 048 .92 .49 1.8 1.8 . 48 .94 .005 .016 .008 .022 
Byers P.H. . 04 .08 . 42 .59 1.8 1.2 1.4 2.6 . 78 .as . . .003 .003 
Byers Landing .as . • 84 .88 1.5 .57 2.6 2. 4 . 56 . 79 . . 003 .006 .013 
River-view .OS * .55 . 45 . 66 . 52 1.4 1.6 . 65 .008 .009 
North Richland • . . 75 . 36 . . 52 1.3 2.2 . 52 . 48 .012 .010 .009 .006 

Average Perimeter . 01 .06 .58 .34 .99 .67 1.7 1.9 . 62 . 67 .003 .005 .008 .008 

-less than thi analyt1cal 1 lmit . 

TABLE I I. 3-23 

CONCENTRATIONS OF RADIONUCL IDES IN VEGETATION - 1972 
(10-t; 1-1Ci /g) 

2!!!.ll! 

lli!lli!!. 40)( soeo 65Zn 90s,. 95zrNb 106Ru 137cs l 44Cl!Pr- 238Pu 239Pu u 
{ugm/gm) 

a W of 100-H 12. • .as . 44 3. 0 1.2 • .001 . 13 
331 12. • .as . 91 3.0 . 14 .88 . .22 
FFTF 4.7 . 16 • 08 • 79 2.5 1.9 • . .004 .05 
Wye BlrTicade 6.9 .12 . 46 . 17 3. 2 . 16 . . • . 004 
Hanfol'd 6. 5 • . 04 1.7 5. 0 4 . 2 . . 005 . 003 .01 
100-F 5. 8 • 15 . 13 2. 6 7 . 2 7. 0 .88 0 .002 . 05 
Rt 4 x 11A 11 . • . 04 . 73 1.7 1.6 . • . 02 
Redox P .S . 26. . 13 5. 5 . 34 18 • • 120. . . .007 .OS 
200 Fire Station 8 . 9 .11 .« . 13 2. 7 • 12. . • .006 .1 6 
200-E Hill 14. • 11 2.5 . . 03 8.7 • 55 . . . .008 .03 

Aver-age 
Onsite 11 . .09 .89 • 10 4.0 . 22 • . . 001 .004 .07 

Per-1meter-

Benton City 5. 2 ,. • .08 . 96 5.2 .73 1.2 . 003 . 002 . 04 
ERC 2. 7 • • . 1) 2. 1 5. 7 1.9 4. 4 . 003 . 007 .02 
Rt 240 CP54 3.8 • • .12 1. 5 5. 2 2.7 • . .002 .02 
Rattles111k1 Spring 9. 7 • • . OJ 1. 0 2. 9 . 97 1.2 . . 010 . 03 
Yakima Barricade 10. . . . 07 1 . 1 4. 6 1.7 . 001 .1 2 
Vernita 7 . 1 • • . 11 2. 0 3.8 5. 8 • . . 005 .04 
W.hluke #Z 9.8 • . . 06 . 66 5. 7 . 71 . . 006 .04 
Berg Ranch 11. . 09 . . 10 1.4 1. 9 1.2 . . .004 .1 3 
Ringold 4 . 2 • • . 05 . 59 2.4 . 56 . .005 . .02 
Byers P.H. 11. • . .05 .84 2.5 3. 8 • .003 .003 . 23 
Byers Landing 21. • • . 07 .34 2.1 1.0 • . 007 . 010 . 02 
Riverview 15. • • .85 .14 • .24 • . .001 . 04 
Nortll Richland 7.9 • • . 04 . 70 2. 4 .79 .82 . . 001 . 10 

Average 
Per-111eter 9. 1 • • . 13 1.0 3. 5 1.7 .30 .003 .004 . 06 

•Less Wn the analytical 11m1t. 

II.3 . 13. 5 Biota 

Routine sampling of waterfowl and small manmals was attempted at all Hanford waste ponds duri ng 
1972 , although success of collection was highly variable with the si te. Tables II .3-24 and 25 
give the results of the radioanalyses of the specimens. The only si gnificant levels of radio-
activity were found in mice collected at the 1OO-N Trench. This trench receives the overflow 
from the 13O1-N Crib; it is screened to prevent access by birds or large manmals, but mice can 
penetrate the wire mesh. 
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TABLE II.3-24 

CONCENTRATIONS OF SEVERAL RADIONUCLIDES IN SMALL ANIMALS 
(lo-6 ~Ci/gin muscle) 

~ Location 24Na 401( 54Mn 58co 59Fe 60co 65zn 

!!1il 
2/16 300 Pond . • • • • • • 
2/24 100-N Trench • • • 650 • • 820 • 110. 

(Special Diode Count) • 81. • 850 . • • 170 • 
2/24 200-E Chem. Ditch • • • • • • • 
4/25 100-N Trench • 270. • 640 . • 850 . 350 • 
6/14 l 00-N Trench • 100. 210 . • • 210 • 55 • 
6/15 U Pond • • • • • . • 
7 /20 100-F • • * * * • * 
11 / 29 100-N Trench • 5.7 5400 . • 7100. 11,000 * 
11/29 300 Pond • • • * • * * 
11/30 200 West * • * • * * . 
Rabbit 

3/15 222 S Pond • • • • * • * 
5/25 300 Pond * 4.7 * " * * * 
7 /31 200-E Area • 3. 2 • • • • 0 . 14 
11/20 100-N Area • 2 . 4 • • * • • 

Date ~ 
103Ru 106Ru 131 I 134cs 137cs 140aaLa 14lce 144CePr 

~ 
2/16 300 Pond • • . * . . • 
2/24 1 00- N T ranch * • . • 58 . • . 

(Speei11 Diode COunt) • • * • 26. . . 
2/24 '-Oll-E Ch-..n , 01 tch • • • • 3. 4 • • . 
4/25 100-N Trench • . * • 180. . . 
6/14 100-N Trench • * • • so . * . 27 . 
6/15 U Pond • • . • 21. . 
7/20 100-F • . ,. 

* . . * 
11/29 100-N Trench 350. 2400 . 1500 . 140. 120 . 140 . 510 . 3800 . 
11/29 300 Pond • . . . . . . . 
11/30 200 West * * * . 1.0 . . . 
Rabbit 

3/15 222 S Pond • • * . 9.8 . 
5/25 300 Pond * * • • . . . • 
7/31 200-E Aru • • . . 1.3 . 
11 /20 100-N Area * * • • 0. 13 . • 

(alconc:entration 1n liver tissue. 
*less than the u111yt1~1 lillit . 

No entry indicatas no analysis lolls perlo..-cl. 
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90sr 95 zrNb 

0 . 065 • 
7.9 • 
• • 

0 . 92 • 
16. * 
30. • 
9.9 • 

52. * 
31. 2900 . 

0 . 33 . 
0.018 • 

0 . 066 * 
0 . 010 • 
0 . 020 * 
0.004 * 

...!L 239Pu 

0. 099 0.0002 
0.15 

0.006 

0.051 
0 . 34 0.037 

0.002 

0.006 0.010 
0. 0006 

0.004(a) 
0.021(a) . 

O.OOOJ(a) 



TABLE II.3-25 

AVERAGE RADIONUCLIDE CONCENTRATIONS IN MUSCLE OF GAMEBIROS - 1972 

(Units of 10-6 ~Ci/g wet weight) 

No. of 
58co 60co 65zn 90sr 137 Cs 141 Ce Location Species Samoles 

Analytical Limit 0.15 0.1 5 0.20 0.002 0.1 

U Pond Ducks 2 .. .. .. 0.006 27 . .. 
Redox Pond Ducks 2 .. .. .. 0. 054 3.1 . 
Gable Pond Ducks 4 .. .. .. 0.003 26 . .. 
B Pond Ducks 4 .. .. 0. 11 0.003 3.3 .. 
300 Pond Ducks 5 .. .. .. .. .. .. 
1 00- F Trench Ducks 3 .. .. 0.14 0.11 0.1 4 .. 
T Pond Ducks .. 0.20 0.40 0.003 70 . .. 
\,est Lake Ducks .. .. .. .. 4.2 .. 
Columbia River Ducks 71 .. .. 0.096 0.003 0.070 .. 
Columbia River Geese 32 . .. 0.079 0.003 0.1 1 
100 Areas Pheasants 24 .. .. .073 0.003 0.084 

*Less than the analytical limit. 

Waterfowl and pheasants are collected along the river dur i ng hunting season near pub li c hunting 
areas. Several deer are also collected. Tables II . 3-26 and 27 show the radioanalyses for the 
1972 samples. Also shown in Table II. 3-27 are radioactivity concentrations in Columbia River 
fish and shellfish from near the mouth of the Columbia . The coyote was a road kil l ana lyzed fo r 
reference data. In all river-associated biota , concentrati ons of Hanford radionuc lides showed a 
si gnificant decline with shutdown of the single-pass reactors : 

TABLE II . 3-26 

CONCENTRATION OF SEVERAL RAOIONUC~IDES 
HANFORD DEER ANO COYOTE - 1972(a) 

(Units of 10-6 ~Ci/g wet wei ght) 

Location Q.ill. I!.m!!. 65zn 90sr 137 Cs 2391,u 

Q!!!. 
Rt . 11 A, Mi. 1. 5 1 /20 Muscl e • .. 0.048 
Rt . 11A. Mi. 1.5 1 /20 Bone • 0. 48 . 0.009 
Rt . 11A , M1 . 1.5 1/20 Liver 0.00008 
300· Area 9/28 Muscle 0.081 .. 0.071 
300 Area 9/28 Liver 0.00005 
Rt . 4S, Hf . 13 11/7 l'llscle 0.054 .. 0.24 
Rt . 4S, M1 . 13 11/7 Liver • 

Coyote 
• .. Rt . 4S, M1 . 20 

Rt . 4S, Mf. 20 
1/20 
1 /20 

Muscle 
Li ver 0.28 0.009 

0.18 
0. 11 0.0001 

•Less than the analytical lfmit . 
No entry indicates no analysis was perfonned. 

(a) Measurenents of 137cs in the muscle ti ssue of mule deer in the 
Ft. Coll ins, Colorado area for the winter of 1972-1973 ranged 
fT'Offl 0.04-0.1 x 10-6 uCi/g and averaged 0.065 x 10-6 uCl/g. 102 

Simil ar measurenents for antelope in eastern Idaho during the 
auti,nn of 1972 ranged from 0.038-0.060 x 10-6 uC1/g and 
averaged 0.048 x 10-6 uCi/g.103 

The data for 137cs in the Hanford deer population are about the 
same as that due to fal lout in similar speci es in the Western 
United States . 
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TABLE I I. 3-27 

AVERAGE RADIONUCLIDE CONCENTRATIONS IN MUSCLE 
GAMEBIRDS, FISH, ANO SHELLFISH - 1972 

(lo-6 JJCi/g) 

32P 60Co 65zn 
Analytical Limit 0. 15 

No. No . No. 
seecies Sa!!!Ele Max . Min. Avg. Samele Max . Min. Avg. Sameles Max. Min. 

Geese (river)(a) 1 * * * 32 0. 12 * * 32 0. 37 * 
Duck (river){a) l * * * 71 0. 24 * * 71 0.77 * 
Pheasant (b) 24 * * * 24 0.29 * 
Whitefish 20 1.8 * 0. 62 21 0.18 * * 21 0.92 * 
Oysu,-s 9 9 * * * 9 2.5 1.0 

90sr 131 I 137 Cs 
Analytical Limit 0.002 

No. No. No. 
seecies S!!!!!e~ es Max Min. ~ Sameles Sa!!!Eles Max. Min . ~ 

Geese (river)(a) 10 0.017 * 0.003 32 32 0.97 * 0.1 0 

Duck (river)(a) 58 0.014 * 0.003 71 71 1.2 .. 0. 070 

Pheasant(b) ZD 0.008 * 0.002 24 24 0.24 * 0. 084 

Whitefis-h 7 0.003 * 0.002 21 21 0. 31 * 0.17 

Oysters 9 9 * * * 

(a) 
(b) 

Collected iTI January 1972 on the Columbia River within the Hanford boundary. 
Coll-.ected in November and Oacember 1972 within 5 km ( 3 mi 1 es) of the 
Columbia River and within the Hanford boundary. 

* Less than the ana~ytical detection limit. 
No entry tndi"cates no analysis was made. 

~ 
0. 079 

0.096 

0.073 

0.40 

l. 7 

I I I. 3. 13 .• 6 Foodstuffs 

I a-, Milk, meat, eggs~ and produce are all purchased in season from nearby farms, including several 
irrigated with Columbia River water taken downstream from the reactors, as well as conmercial 
sources for comparison. Table II.3-28 gives the results of this sampling for 1972. Although 
slight indications af Hanford-originating nuclides exist, by far the greatest part of the 
radioactivity present is from residual world-wide fallout from nuclear weapons testing. 

II.3.13..7 Direct Radiation 

The maxim1.an annual aver.age exposure rate measured during 1972 with ganma dosimetry was 1.8 mR/day 
at the fence of the 20D East Chemical Separations and Waste Management Area. The range of 
exposure rates measured ·both on and off the Hanford Reservation is given in Table II.3-29. 

On the basts of exposure rate measurements offsite and at 100-N, the annual total-body dose of 
WPPSS personnel from Hanford sources of external radiation at 100-N during 1972 was estimated to 
be 5 mrem. 

Measurements of iiiiiier.sion exposure rates in the Columbia River and of exposure rates above the 
surface of the river downstream from N Reactor were not statistically different from upstream 
measurements (Tables 11 .. 3-30 and 31). Shoreline dose-rates were slightly higher within the site 
boundary especi-ally when N Reactor was operating. 
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TABLE I I. 3-28 

RADIONUCLIDE CONCENTRATIONS IN LOCALLY PURCHASED MILK AND FOOD - 1972 

Milk (10-6 11Cf/ml) 
65Zn 90sr -2 ~ 

Concentra t1 on Gu i de (Water) 100 0.3 0.3 20 
AMlytical Limit .050 0.002 0.002 .030 

Sa!!!!l e # Sa!!!!les ~ Avg. ~ ~ ~ U!h. ~ Avg. !....£9..:. ~ ~ !....£9..:. 
Riverview 21 .092 .016 .02 . 004 .003 1.0 • * .33 .049 .014 .07 
Benton Cfty & 26 • • . 004 . 001 . 33 .029 . 009 .OS 
West R1cllland 
Compositl 

Col . Basin 52 . 067 • . 002 .002 .67 .005 . 001 . 33 .033 . 012 .06 
Colaposfta 

eo..rc1al 37 . 062 . 016 . 02 .007 • 004 1.3 • • .33 . 035 .01 6 .08 

Foodstuffs (10·6 ~Cf/91) 

65Zn 90sr 95zrlll 106Ru -2 ~ 
ANlyt1al Lflrit . 030 . 002 . 020 .370 . 070 . 040 

~le # Sa!!!les ~ ~ !'.!!!.:. Avg. !'.!!!.:. ~ !'.!!!.:. Avg. ~ ~ Max . ~ 

eo-emal !'ltlt 12 . 064- .016 .006 . 001 • * * * * * .084 . 034 
Poultry 4 . 13 · .06 . 004 .003 • • * • • * . 035 . 01 
Eggs 10 .088 .038 .026 .013 * • • * * • .040 .009 
~l Produce 3 • * . 03 .03 . 14 . 095 * .. * * . 090 .043 
C-rcial 5 • • .010 .009 . 12 . 034 1. 0 . 38 • * * • 

PT"odllc9 

IC>TE: "1ni- conc:entnt1ons rei,orted....,.. all below the an1lytica l liait and t herefore not lf st ed 
fa ttlis Uble. 

* Less than the ana lytial 11• 1 t . 

TABLE II. 3-29 

AVERAGE EXTERNAL GAMMA EXPOSURE RATES 
(units of mR/ day) 

1'71 1!71 151? lffl 1971 1971 197Z 
~ ~ !l.!!!..t:!!!s. '1!!!:::!!!!!. J•tr- a.c !.!!£U1!!. J.n-J..,,.. ~ ~ 

19!Ll!:!!I. Wllllute Slope 

'lef'llita 0.22 O..Zll 0..21 0.2' c., . 17 0.20 0.24 O.Z5 '".., c., . 18 0.20 0. 20 o.za 
1~ c. , . 19 0. 19 0. 19 0.24 
l~l ll.21 0.21 O.Jl 0..21 C.P . 20 o.zo 0. 20 0. 24 
1~11 c . , . Z1 0. 19 0.1 8 0.27 
l!D-11 (~.) 0..20 0.20 0.21 0. 30 c . , . Z2 0. 20 0. 18 0.24 
100-0 Q. 16 0.25 0. 22 0.20 c. , . 23 0. 19 0. 19 0. 24 
TOO-F 0. 22 O. T5 0.23 0.23 c . , . 24 0. 20 0.20 0.25 
lllorfor,j 0.16 0.1 6 0.21 0.21 c . , . 46 0.19 0.1 9 0.24 
l~N 0.24 0.23 Otllerllll-SIS, 

ZOO !!!S ·APH .,..,_ llan-icala 0.18 0. 20 0. 28 
"'-a 0..31 Q.Zl o..25 0. 27 llattlaMU Spr11191 0.20 0. 16 0.20 
IIK&-C..- 0.2% 0.2J Llo 0. 31 ~ ReloatiOII 
Eu&-Catmr Q. 16 Q. 16 Q..22 0.21 c.- 0.21 0. 21 0.24 
llllt•~ 0.18 a.u 0.24 o.u Fm Sita 0.20 0. 18 0.23 

~~HAPu 
m 8arrica• 0.16 0. 15 0.1 9 
Rt. 1D lffle l .S 0. 11 0.1 7 0. 25 

~ 0. 36 ll..Ja o.s, 0. 71 
JOO Arla !3705 81~1 0. 22 0.21 : .ti 

lielt•Celnff 0. 45 0.2' 0. 21 0..21 JOII A,- 3211 Slq 0. 20 0. 1, 0.25 
Soutllelst 0.2% 0. 2% o.28 O.Z7 300 Ara 331 81 dt 0.23 0.1 7 0.22 
Eaat-C.U,, o.ao Q.22 0. 34 0. 24 3111 Palld 0. 26 0. 2% 0. 40 

ACANS 0.1 1 0.1, 0.24 

No -6-y lncllcaus no w...-t ws perfarwN. 

lI . 3-75 

144CePr 

. 350 

~ Avg. 

* • 
* * 
* * 
* * 
* * 

197Z 
Julr•OK 

0.25 
0.25 
0.23 
0. 25 
0.24 
0.25 
0.24 
0. 25 
0. 25 

0. 25 
0. 22 

0.25 
0.23 
0.20 
0. 25 
0. 24 
0.25 
0.23 
0. 25 
0.24 
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TABLE I I. 3-30 

DOSE RATES (a) FROM MONTHLY SHORELINE SURVEYS FOR 1972 

(µR/hr) 

COLUMBIA RIVER PLANT StllRE 

382 . 5 p(b) 381.5 P 379.4 P 379.0 P 369.7 P 368.3 P 362.0 P 350.4 P 343 .3 P 340 .5 P 
White Power-

Above Below 100-N Below Bluff 100-F line Port of 
Date 181 • KW 181· KE Trench 100-N Ferr,r f2&.. Hanford Cross. Benton Richland 

1/20 12 13 25 18 13 10 15 15 12 
2/23 12 12 15 12 11 12 12 13 12 
3/16 10 8 15 10 8 9 8 7 10 
4/26 8 12 14 12 14 15 17 22 12 
5/23 12 12 18 15 14 14 12 13 12 
6/21 12 10 20 10 10 11 11 11 12 
7/24 13 10 22 10 8 12 13 7 
8/18 15 15 15 22 15 15 15 15 15 
9/25 10 12 22 11 10 15 15 11 10 12 
l 0/20 12 20 23 14 16 18 15 17 11 12 
11 /16 9 9 20 12 11 12 11 11 10 10 
12/1 g, 10 11 28 11 13 12 14 12 13 12 

COLUMBIA RIVER - ISLAND LOCATION 

377 .4 I 375.8 IF 373.4 IP 371 . 1 IP 367 .0 IF 355.7 I (d) 

Date D Island E Island Locke Island Locke Island 100-F Pond Near Ringold 

1/20 20 12 9 12 13 
2/23 13 10 10 10 13 10 
3/16 10 7 9 7 12 8 
4/26 17 11 13 12 17 14 
5/23 10 12 11 10 10 
6/21 12 10 11 15 10 
7/24 13 12 13 12 10 13 
8/18 20 12 12 14 18 15 
9/25 15 12 13 12 12 12 
10/20 15 15 13 13 12 14 
11 /16 9 10 9 10 11 10 
12/19 15 13 17 11 14 13 

COLUMBIA RIVER - FAR StllRE 

381 .O F 378.4 F 369.8 F 362.0 F(d) 359.1 F 354 .7 F(c) 350 .4 F 345.2 F 

100-K Above White Bluffs Powerline Byers 
~ Trench 181-D Ferr,r Hanford Savage Island Ringold Cross. Landing 

1/20 8 10 14 15 10 10 13 25 
2/23 9 8 13 15 10 9 12 12 
3/16 10 8 7 8 10 8 9 7 
4/26 10 10 11 19 10 13 13 21 
5/23 11 12 12 10 10 10 12 10 
6/21 lO 10 10 10 11 10 20 14 
7/24 13 10 10 12 11 10 10 13 
8/18 15 15 12 15 15 15 15 12 
9/25 10 12 10 12 12 12 12 14 
10/20 20 13 11 18 13 16 16 17 
11/16 8 8 9 12 11 10 11 13 
12/19 12 15. 12 16 8 13 15 15 

(a) Measurements reported 1n uR/hr are taken 1 meter above the ground and 1 meter back from the 
water's edge. Measurements reported 1n () are the maxil!llm c:/m found with a GM in the i11111edi
ate vicinity of the water's edge. 

(b) River miles measured from the mouth of the Columbia. Plant shore, far shore, and island are 
designated by P, F, and I, respectively. 

(c) Point open to the general public: during the entire year. 
(d) Point only open to the general public on Wednesdays, Saturdays, and Sundays, during the hunt

ing .season. 

No entry indicates no measuremnt was performed. 
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TABLE II.3-31 

AVERAGE EXPOSURE RATES BELOW THE SURFACE OF 
THE COLUMBIA RIVER - 1972 

(mR/day) 

Jan-June June-Dec 
100-K Bar"9e 
Below 100-N 
Above 100-0 
D Island 
100-F Area 

0.14 
0.1 6(a) 
O.lS(a) 

0.20 
0.23(a) 

s. Wooded Island 0.18 
Richland Pumphouse 0.14(b) 
(a) March-June 

0.18 
0.19 
o. 18 
0.1 9 
0.17 
0.19(c) 

0. 13 

(b) January-April 
(c) September, November, December 

II . 3. 14 Independent Reviews of Waste Management Programs [RPS, X. 25] 

The ERDA (then AEC) Waste Management Program has been reviewed by speci al corrmittee of the 
National Academy of Science (NAS) 121 and the General Accounting Office (GA0) 122 ,l23,12 4 The 
Federal Water Pollution Control Administration (now EPA) conducted a review on Waste Treatment 
and Disposal Operations at the Reactors (100 Areas) and Laboratory (300 Area) Sites in 1969. 125 

II.3.14.1 NAS Review [X.8] 

The NAS has ·reviewed radi oactive waste manag·ement operations, plans and devel opment work from 
time-to-time since 1955. A report was issued in 1966 summarizi ng find ings, conclusions and 
rec0fl'll1endations. Those pertaining to Hanford are : 

• The Corrmittee fel t that the disposal of low-level waste (above Radiation Concentration 
Guides) in the vadose water zone (dess i cated soil), above the water table, probably 
involves unacceptable long-term risks . The Corrmittee also stated that 1) acceptable waste 
management practices would requi re that isolation from the bi osphere be complete during 
peri ods of storage in natura l contai ners (soil, etc . ), and 2) to the extent radioactive 
decay of inventory exceeds input (in natural containers) there is no reason for alarm. 

Action Taken : The disposal of low-l evel waste to the soi l has been drama tically reduced 
since 1966 (by a factor of >1000) . Plutonium discharges have been eliminated to less than 
detectable quantities. Section V describes the alternatives to further reducing radionuclide 
di scharges to the soil and evaluates alternatives which would result in decay of stored 
radionucl ides in cribs to exceed input. Present discharges are so small they do not 
increase risks greater than already exi st. T~e extensive envi ronmental monitoring program 
has shown thi s practice to have resulted in no adverse safety or health effects to the 
population over the past 30 years. However, ongoing R&D programs are evaluating the need 
to remove transuranics from natural soil containers (Section V gives more details ). 

• Future emphasis should be on safe ultimate disposal. 

Action Taken: Research and development for ultimate disposa l have been proceeding at 
Hanford si nce 1968. The deve lopment work i s now expanding rapidly since the waste solidi
fication program is nearing completion (Sect ion V gives addi tiona l information). 

• Continued and intens i fied field investigation should be arranged to determine amount ar.d 
rate of precipitati on necessary to establish percolation to the water table. The possible 
extent of upward movement of radionuclides should be determined . 
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Action Taken: During the past few years an extensive research program has been conducted 
under ERDA sponsorship to understand fluid migration in the unsaturated zone . Migration 
of fluids in the zone immediately 'below the land surface is a very complex process affected 
by a variety of forces, some of which induce downward migration while others induce upward 
flow . The actual fluid migration is the net sum of all such forces. 

In a dr-y environment such as Hanford, precipitation does not penetrate more than 15 or 
20 feet and in the summer months all the precipitation evaporates before i t has a chance 
to filter into the subsurface. Such a statement is substantiated by data from an experi 
mental facility (a lysimeter) located just south of the 200-E Area . Migration of ground
water upward to within 15 feet of the land surface in the 200 Area cribs is not a credible 
event. 

All research to date shows that fluid migration in the unsaturated zone is negligible . 
Monitoring programs for the past 30 years have not observed significant upward movement of 
radionuclides due to any upward moisture flow in the Hanford soils. 

• None of the operating sites are geologically suitable for storage of radioactive waste in 
perpetuity, other than very dilute, very low-level liquids . 

Action Taken: Insufficient information had been developed at the review time to support 
such a conclusion. Additional research on ultimate disposal of waste on the Hanford site 
has since been conducted and the information gathered to date has not ruled out the alter
native of ultimate disposal onsite (Section V Ultimate Disposal) . 

• The oil well drilled to 10,655 feet should be reentered for the purpose of obtaining 
hydrological and geological data . 

Action Taken: The well was reentered, the fluids sampled and geophysical logs taken . 
Four additional wells (2,500 to 5,600 feet) were drilled to obtain additional data. 

• Geological studies are needed in the Rattlesnake Hills before a cavern to store waste is 
built. 

Action Taken: The recommendation is valid . 

II . 3.14 . 2 GAO Review 

The GAO reviewed the policies and procedures for the management of radioactive waste at Hanford 
and other sites in 1968, 1971, and 1974. 

• In 1968 the total AEC waste management effort was reviewed. The fiscal and managerial 
aspects were emphasized. The GAO emphasized the need for: l) an integrated in-depth 
review of waste management problems, 2) priority commitment of financial resources, 
3) reorganization to vest in a single AEC office the responsibility for waste management 
policy making and coordination, and 4) development of reserve storage capability for 
liquid stored in tanks. 

Action Taken: The Manager of the AEC conducted an in-depth review, established a waste 
management division to make policy decisions and coordinate waste management, and reaffinned 
the reserve storage requirement for liquids at each site. 

• In 1971 the GAO reviewed progress on recommendations made in 1968 and found progress was 
made on all reconmendations. However, the GAO stated that due to the complex nature of 
technical aspects of the waste management efforts, certain problems remain unresolved and 
delays are being experienced. They concluded (Hanford related): 1) more work was required 
on interim and long-tenn storage of waste, and 2) further review and consolidation of 
plans for resolving interim and long-term waste management problems was necessary. 

Action Taken: The interim and long-tenn waste management effort has since been again 
reviewed and additional effort has been funded. 

• In 1974 the GAO again reviewed radioactive waste management and concluded that considerable 
progress had been made in safe storage of high-level waste, but problems had been 
encountered at Hanford with containing liquids and slippage in the solidification program. 
No reconmendations were made. 
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Action Taken: New double-wall tanks are being built to contain liquids and a new capital 
project is under construction to accelerate the solidification of liquid waste. 

II . 3.14.3 EPA Review 

The Federal Water Pollution Control Administration (now EPA) reviewed waste discharges in the 
reactor and laboratory areas in 1969. Reconmendations for the 300 Laboratory Areas were: 
1) shallow wells should be constructed to pump out the groundwater in the event that radioactive 
waste i s accidentally spilled or leaked to the groundwater, 2) the piping should be pressure 
tested periodically and, 3) the source and extent of groundwater contamination in the 300 Area 
should be investigated. For the 100 Reactor Areas, FWPCA reconmended that: 

• Inmediate plans should be initiated for the design and construction of adequate cooling 
facilities for the waste streams from the KE, KW and N Reactors (an acceptable alternative 
would be to initiate an inmediate program for waste heat utilization). 

• Settled sludge and filter backwash from K Reactor water treatment plants should be dis
charged to a trench. 

• The source of 122Sb in the Columbia River should be investigated. 

Action Taken: All radioactive liquid effluents from the 300 Areas are now collected in 
tanks and sent to the 200 Area tanks or the the 100-H Area for solar evaporati on . Dis
charges of nitrate ion also have been essential ly eliminated. Collection tank systems for 
t he radioactive liquids are with in facil iti es that have the capab i lity to confine and 
recollect leaks. The concentration of contaminants in the groundwater below the 300 Area 
is now dropping and the groundwater meets drinking water standards . 

Discharges of radioactivity from the reactors to the Columbia River have been nearly 
eliminated (<200 Ci/yr tritium and <15 Ci/yr other) by shutdown of those reactors that 
discharged cooling water directly to the river and by eliminating direct discharge of 
radioacti vity from the N Reactor. Antimony-122 is not detected i n the river and only 
occasionally in N Reactor effluent to the crib . The effect of therma l discharges from 
N Reactor are discussed in Secti on III.1 . 3. The K Reactor water treatment plant operates 
intermittently now (3 to 4 times per year) and a discharge permit has been requested. 
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III ENVIRONMENTAL IMPACT 

III.l ENVIRONMENTAL EFFECTS OF ROUTINE OPERATION OF PLANT FACILITIES 

This section considers the effects of existing Hanford facilities and the waste released during 
routine operation. The waste considered includes radioactive, chemical and thermal wastes that 
are released to l) the atroosphere, 2) the Columbia River, and 3) the ground. For impact calcu
lations, routine releases anticipated from normal operation of facilities are considered the same 
as amounts measured in the environment as a result of 1972 operations. The actual release of 
waste to the environment will be less than 1972 levels, due to the installation of pollution 
abatement facilities and progress in solidification of waste . The detailed models and computer 
codes used for evaluating the environmental radiation doses are given in Appendix III-A and III-8. 

III.l. l Radiological Impact on Man 

Radioactive materials are released to the atmosphere, the Columbia River -ind the ground as a 
resul t of operations at Hanford. (The radionuclides released to the environment during CY-1972 
are tabulated in Section II of this statement.) Studies have been conducted of the exposure 
pathways in the Hanford1 environment . These studies, combinee---w+th results of the environmental 
radiation monitoring and evaluation program, have facilitated the construction of a hypothetical 
person whose dietary and recreation habits maximize the potential radiation doses he might 
receive. Such a hypothetical person is called the "maximum individual." The habits and diet of 
the maximum individual include the maximum reported values for each exposure mode in spite of the 
fact that the maximum values are no t all attributable to the same one person. In addition, these 
studies permitted delineati on of an average member of the population, the "average individual . " 
Similar studies identified the total harvest of such important dietary items as Columbia River 
fish, game birds, and locally irrigated produce. The potential pathways of exposure to man are 
summarized in Table III.l-1. 

TABLE I I I. 1-1 

POTENTIAL PATHWAYS OF RADIATION EXPOSURE TO MAN FROM OPERATION 
OF THE NUCLEAR FACILITIES AT HANFORD 

A. Gaseous Effluents Released to the Atmosphere 
• Air subme~sion 
• Inhalation 
• Ingestion of foods contaminated via deposition 
• Exposure of ground contaminated via depos ition 

B. Liquid Effluents Released to the Columbia River 
0' • Water immers ion (swimming) 

• Exposure to water surface (boating) 
• Exposure to contaminated shoreline (hunting, fishing, picnicking) 
• Ingestion of aquatic foods (fish and waterfowl) 
• Ingestion of irrigated foods (produce, milk, eggs, meat) 

C. Liquid Effluents Discharged to the Ground 
• Ingestion of waterfowl which had access to surface ponds 
• Use of well water drawn from contaminated groundwater for drink

ing or irrigation 
• Migration of contaminated groundwater to the Col umbia River 

(pathways under B above) 

D. Sol id Waste Buried in the Ground 
• Leaching of radionuclides from burial sites close to the Columbia 

River during flood 

E. Transportation of Radioactive Materials on Public Highways 
• External exposure to persons in the proximity of the shipment 
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Historically, the principal pathways of exposure involve only the direct releases of effluents 
to the atmosphere and to the Columbia River. Radioactive effluents released to the atmosphere 
are diluted and dispersed during their travel to areas of public access and can lead to 1) exter
nal .e~po~ure of sk~n and ~hole body, ~nd 2) internal dose (principally to the thyroid from 
rad101od1ne) from inhalation or from ingestion of foods contaminated vi a deposition of airborne 
~at~ri~l~. External exposure from gr~und contamination via deposition is characteristically 
1ns1gnif1cant (several orders of magnitude less) compared to exposure via the other air pathways. 

Release of radioactive materials in liquid effluents that reach the Columbia River can lead to 
public exposure through several pathways. Direct external exposure can result from swirrming i n 
or boating _and water s~iing upon the Columbia Ri ver and from hunting, fishing or picnicking on 
the shoreline of the river. Ingestion of water or foods derived from the river or from river
irrigated farms can lead to radiat ion doses to the whole body and internal organs. Such foods 
inc l ude 1) Columbia River fish and waterfowl, 2) irrigated produce, and 3) milk, eggs and meat 
produced by animals i ngesting river water or river-irrigated feeds. 

Irrigation of farm land with Columbia River water drawn from immediately downstream of the Han
ford Reservat i on is limited to two areas : Ringold and Riverview . At Ringold, a small number of 
family farms use Columbia River water for irrigation of orchards, the i r own gardens and some 
pasture grass . Riverv i ew, a total of 3300 acres occupied by about 3000 people , is irrigated fr om 
the river. About 75% of the acreage used for growing crops i s in pasture and hay. Most res i 
dents have kitchen gardens, but only a very limited number of gardens are large enough to prov ide 
produce for market. 

Liquid effluents released to the ground have only a small potential for public exposure through 
the several different pathways listed. At the present time there is no public access to the 
groundwater through wells beneath the Hanford Reservation, and the second item under C in 
Table III.1-1 is listed only as a potential future pathway. 

As a result of studies of waterfowl inhabiting open ponds and trenches, measures were taken to 
prevent waterfowl access to contaminated surface waters in the 100 Areas . Contamination of the 
waterfowl via the slightly radioactive surface waters in the 200 Areas is a minor contribution 
to the radiation exposures of the general publ i c. 

Radioactive l i quid effluents disposed to the ground can reach man via migration to the Columbia 
River. At the present time, radionuclides in liquid effluents sent to the ground in the 200 Areas 
(fuels processing areas), with the possible exception of tritium and iodine, are not entering the 
Columbia River via groundwater migration. Such small amounts of tritium, which could be entering 
the river from 200 Area sources in 1972, are less than the tritium present in the river as a 
result of fallout from past weapons testing and natural sources. The quantities of tritium 
entering the river will increase in the future as a result of the slow migration of groundwater 
from the 200 Areas disposal sites. From the transport model simulation (Appendix II.3-D), the 
forecast peak rate of entry of tritium should be reached in the early 1980s, at which time about 
2 x l0- 7 Ci/day of tritium and 2 x 10-1° Ci/day of gross beta activity would be entering the 
Columbia River. This discharge rate would probably continue for about 6 years, and then it would 
decrease. The radiation doses from the entry of tritium and ~ross beta into the Columbia River 
during the peak years would be extremely small (less than 10- mrem/yr to the maximum individual 
and less than 0.1 man-rem/yr to the local population). 

The 100-N Reactor has a disposal trench and crib (1301-N) for liquid effluents which are not 
directly discharged to the Columbia River. Some of the radionuclides disposed to these facili
ties reach the river with the groundwater at seepage springs along the riverbank. The radionu
clide content of the spring water is reduced below that in the original liquid effluent by soil 
retention of some radionuclides and by radioactive decay during the travel time between the crib 
and trench and the river . Similar ground disposal techniques were employed in years past at the 
older reactors, and seepage springs existed at some of those reactor areas also. By 1973 the 
major portion of the radionuclides reaching the Columbia River from Hanford operations did so via 
the groundwater from the 1301-N crib disposal site. 

In addition to the radionuclides reaching the Columbia River in 1972, river sediments contain 
some residual long-lived contamination from past effluent disposal. During the annual spring 
runoff some of these deposits are scoured by the increased river flow rates and are transported 
downstream. As a result, occasionally small concentrations of certain radionuclides are measured 
in river water and biota samples even though no measurable quantities of the nuclides are being 
released. These small concentrations in turn can lead to radiation doses to local residents from 
many of the potential pathways outlined above for liquid effluent releases to the river. 
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Radioactive solid waste placed in burial grounds has no further impact on the general public. 
(The potential effects of accidents and floods are discussed in Section III.2.) 

III.1.1.l Impact of Liguid Releases 

The radiation doses to the hypothetical maximum individual and to the general population during 
1972 were calculated from releases of liquid effluents at Hanford listed in Table III.1-2 and 
from bio-accumulation factors listed in Table. III.1-5 . 

Several distinct sources of liquid effluents are released to the Columbia River : 

• the 102-in. cooling water pipeline and the crib and trench at 100-N 

• animal farm waste at 100-F and 300 Areas 

• uran i um from the 300 Area North Pond 

• triti um migrating to the river with the groundwater from the 200 Areas disposal sites. 

TABLE III.1-2 

RADIONUCLIDES RELEASED TO THE COLUMBIA RIVER WITH LIQUID EFFLUENTS AT 100-N IN 1972(a) 

Nuclide ;, CiiYr Nuclide Ci /Yr 

95Nb 3H 7000 ~ .,. 

24Na 500 99Mo 21. 1 

32p 1 EO(b·) 103Ru 0.4 

Sl Cr 25 . 3 106Ru 4. 

54Mn 40 124Sb 0.8 

56Mn 600 131 I 4i. 9 

59Fe 10 l 33Xe 10 . 

58Co 2 l 34cs 0. 5 

60Co 20 137cs 5. 05 

65zn 440(b) 140Ba 5.25 

89Sr a.as 140La 5.25 

90Sr 0.95 239Np 90 

95zr 4. 

(a) Includes both the discharge from the 102-in. pipeline and riverbank 
seepage from disposa l to the 1301-N crib. The annual discharges 
have been reduced to <200 Ci/yr tritium and · <15 Ci/yr of all other 
radionuclides after CY-1973 . 

(b). Estimated from concentration measured in whitefish in 1972 
and historical data relating ,,.,ater concentrations to fish 
concentrations. 
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TABLE III. 1-5 

BIOACCUMULATION FACTORS FOR RADIONUCLIDES IN FRESH WATER ORGANISMS 
(pCi/kg Organism per pCi/liter Water) 

Radionuclide Fish Invertebrates Plants 

3H l 
24Na lOO(a) 200 500 
32p 170 (a) 100,000 l 00,000 
51Cr 20 2, 000 4,000 
54Mn 400 90,000 10,000 
56Mn 400 90,000 10,000 
59Fe l 00 3,200 l ,000 
58co 50 200 200 
60co 50 200 200 
65zn 64 (a) 10,000 20,000 
89sr 30 l 00 500 
90Sr 30 l 00 500 
95zr 330 7 1,000 
95Nb 30,000 100 800 
99Mo 10 10 1,000 

103Ru 10 300 2,000 
106Ru 10 300 2,000 
124Sb 1 10 1,500 
131 I 15 5 40 
l 34cs 2,000 100 500 
137 Cs 2,000 100 500 
1408a 4 200 500 
140La 25 1,000 5,000 
239Np 10 400 300 

(a) Based on actual measurements for panfish in the Columbia River. 

A study conducted in 1957 3 of the behavior of uranium discharged to the 300 Area North Pond 
indicated that a large fraction of the uranium eventually reached the Columbia River where it was 
rapidly dispersed in the water and mixed with the much higher concentrations of natural back
ground uranium already present in the river water. 

In addition to the radionuclides reported as released to the Columbia River in 1972, certain 
other radionuclides were detected in water and/or biota samples.~ Principal among these were 
32P in whitefish and 65Zn in river water and fish and in chickens and eggs from local farms adja
cent to the river. The 65Zn was undoubtedly scoured from the river sediments during the spring 
runoff and could also be accurmJlated to some extent on irrigated farm land· and in shoreline 
insects eaten by the chickens. The 32P was present in low concentrations in the 100-N liquid 
effluents discharged to the Columbia River through the 102-in. pipeline. Table III.1-2 includes 
the estimated quantities of 32P and 65Zn released from 100-N. 

The population within 50 miles of the Hanford Reservation using Columbia River water for sanitary 
purposes includes the cities of Pasco (1970 population was 19,500) and Richland (1970 population 
was 28,500). The city of Kennewick uses groundwater drawn from collectors placed along the 
Columbia River. Historically, the Kennewick city water has contained significantly lower concen
trations of radionuclides than the water in the Pasco municipal system inmediately across the 
river. 
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The city of Richland supplements its water supply with well water (recharged with Yakima River 
water) to a varying degree depending upon seasonal demand. At most, about 20% of the Richland 
residents receive well water all year around. During the hottest surrmer days, up to a maximum 
of another 20% of the residents may receive well water depending upon demand . For purposes of 
radiation dose calculations, the simplifying and conservative assumption can be made that all 
Richland residents use Columbia River water and no Kennewick residents use Columbia River water . 

Extensive data available on the removal efficiencies for specific radionuclides in the municipa l 
water treatment plants 5 were employed when calculating radiation doses from drinking water . 
These removal factors are tabu1ated in Table III. 1-6. For nuclides not directly measured at the 
water treatment plant, factors for chemically similar elements were employed . 

TABLE III.1-6s 

REMOVAL OF RAOIONUCLIOES BY WATER TREATMENT SYSTEMS 
AT RICHLAND ANO PASCO , WASHINGTON 

Concentration Ratio 
Nuclide (Treated Water/Raw Water) 

RE+ y(a) o. 16 

64cu 0. 28 (0.6)(b) 

46sc 0. 32 

76As 0. 37 (0 . 5) (b) 

32? 0. 38 

65zn 0. 39 

24Na 0. 62 (0 .9)(b) 

239Np 0.67 

122Sb 0. 77 
131 1 0.83 

Slcr 0. 87 

(a) Rare Earths plus Yttrium. 
(b) ( ) indicates ra tios est imated for elements 

by correcting for radioactive decay within 
the water plant. 

The results of these dose calculations are surrmarized in Tables III.1-7 and III. 1-12. Assuming 
a consumption rate of 2.0 liters/day of water, an average individual living in Richland or Pasco 
wou ld receive a whole body dose of 0. 015 mrem/yr from this source. The total population of con
sumers (~50,000) drinking an average of 1.2 liters/day would receive an integrated who le body 
dose of 0.45 man-rem/yr; tritium, 32P and 6 Szn contribute about 70% of these doses. The radia
tton dose to the individual adult thyro id from consumption of 2.0 li ter/day of drinking water was 
estimated to be 0.3 mrem/yr, primarily from 131 ! wi th a sma ll contributi on fr~m t ritium. 

Because fish will concentrate radionuclides from the water they inhabit , t he potential radiation 
dose from consumption of Columbia River fi sh was estimated for both the i ndividual and the popu
lation within 50 mi l es of the plant . 

The following assumpti ons were used : 

• For population dose calculations, the f i sh were assumed caught from water conta ining 
radionuclides at concentrations ca lculated by diluting the radionuclide release rates in 
the 1972 annual average Columbia River flow (160,000 cfs). 

• There was a minimum of 24 hour delay between harvest and consumption. 
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TABLE III. 1-7 

ESTIMATED ANNUAL MAXIMUM DOSE TO THE INDIVIDUAL FROM THE EFFLUENTS R;LEASED 
IN 1972(a) AT THE HANFORD RESERVATION 

(mrem) 
Pathwa~ Annua 1 Ex!!!,!sure ill!!. 

Whole 
~ 

Gaseous Effluents 
Air Sut:mersion 8766 hr a. 088 4 

0. 011 -4 
Tritiian-lnhalation & Transpiration 8766 hr 2 X 10- 2 X 10 
Radioiodine-lnhalation 7300 m3 ait 

Hilk 274 liters(b) 
Vegetables 30 kg(c) 

Total Air ?athways 0. 088 0. 011 

Li9uid Effluents(e) 

Drinking Water 730 liters 0.015 
Fish Consumption 40 kg 0.30 
Irrigated Foods 710 kg 0.16 
Shor-el ine 500 hr 0.10 0.090 
Swimming 100 hr 0. 0032 0. 0026 
Boating 100 hr 0. 0016 0. 0013 

Total Water Pathways 0. 10 0. 57 

Total (Adult) 0.19 0. 58 

Infant Thyroid Dose 
Airllome Triti um 8766 hr 
Air Submersion 8766 hr 
Inhalation 2045 m3 
Hilk 274 littrs(b) 
Drinking water 292 liters 

Total (Infant) 

la) Using releases tabul1ted in Tables III.1-2, 3, 4, 8, 9 and 10. 
(b) One liter/day for a 9-1110nth grazing season . 
(c) 200 g/d for a 5-1110nth produce season . 

lli:.!:l Thyroid ~ 

(0.011) (d) ( 0.011) -4 (0 .011) 
2 X 10-4 2 X 10 

0.0019 
0.056 
0. 042 

0.011 0.11 0. 011 

0.036 0.30 0.066 
1.02 0.31 1.63 

0.25 0.33 0. 33 
(0 . 090) (0 . 090) (0.090) 
(0.0026) (0 . 0026) (0 . 0026) 
(0.00JJ) (0 . 0013) (0.0013) --- ---
1. 4 1.0 2 .1 
1.4 1. 1 (fl 2. 1 

0. 0001 
(0.011) 
0.002 
0.46 
0.95 

T.4l'Tr 

(d) ( ) indicates intem, al dose fT'OII extern1l exposure . 
(e) Essentially all fran 100-N effluentf 
(f) Does not include contribution frOffl ~91 in the envirorwnent _fram previous years' operations estimated 

to be '\() . 4 mill1ret11/yr to both the 1111x11111m individual adult and infant.• 

• There were no losses in preparation of the fish (cooking or long-term freezer storage) . 

• An individual consumes as much as 40 kg of fish per year. 7 

• The total edible weight of sport fish harvested from the Columbia River between the 
Ringold area and Boardman, Oregon, is not over 1.5 x 10~ kg/yr. 7 

Based on these assumptions, the whole body dose to the individual fisherman would be 0.3 mrem/yr. 
Integrated dose to the population would be 0.1 man-rem/yr from fish consumption. The doses for 
an avid waterfowl hunter from consumption of 40 kg/yr of waterfowl from the Hanford environment 
l'IOuld be somewhat less than the doses to the avid fisherman reported here, while the integrated 
dose to the population would be <0.1 man-rem/yr. 

Aquatic recreation is a popular pastime in the stretch of the Columbia River below the plant 
site. Swirrming, boating, water skiing and picnicking alon9 the shore or on islands could result 
in small incremental doses to the local population. Assuming an individual spent 100 hr/yr swim
ming, 100 hr/yr water skiing or boating, and 500 hr/yr along the shoreline, all near the site his 
whole body dose from external exposure would tota1 only 0.09 mrem/yr. This dose and others poten
tially received by such an ardent water sports fan are surrmarized in Table III.1-7. 

The population dose received during water recreation activities can be estimated on the basis of 
the following assumptions: 

• The average number of hours spent in various water sports by the population are: 8 

10 hr/yr swirrming (irrmersion) 
5 hr/yr boating and water skiing (surface) 

17 hr/yr on rivershore 
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• The population within 50 miles of the site in the sectors between the NE and SSW direc
tions, inclusive, are the persons who travel to the Columbia River for their aquatic 
recreation. This population totaled approximately 120,000 persons in 1972. 

• The dilution offered by the Snake River below Pasco and the decay during river travel 
time to southwest Benton County can be ignored. The majority (over 50%) of the exposed 
population resides in the vicinity of the Tri-Cities (Pasco, Kennewick and Richland) . 

Under these conservative* assumptions, the integrated population dose from water sports would be 
0.4 man-rem/yr. 

Even though a limited amount of fruit, vegetables, eggs and meat are produced on farms irrigated 
with water drawn from the Columbia River downstream of the Hanford Reservation, the hypothetica l 
maximum individual could possibly eat local irrigated foods during the entire growing season. 
Certain products such as root vegetables, fruit, eggs, and meat are assumed to be available year
round either because they can be produced any month or because they can ·be stored Tor several 
months after harvest. The uptake and concentration of radionuclides in irrigated produce was 
calculated using local data on season and irrigation rates and the uptake equation and factors 
given in the reports on the "Year 2000 Studies." 9 , 10 

For conservatism, only relatively short decay times were used between harvest and consumption 
(1 day for most foods, 10 days for potatoes and orchard fruit, and 15 days for beef and pork). 
The total dose to the maximum individual for all irrigated products was 0.2 mrem/yr to the whole 
body and 0. 3 mrem/yr to the thyroid (Table III . 1-7). For the population dose from irrigated 
products, it was conservatively assumed that 2000 persons each consumed about one-half as much 
irri gated foods as did the maximum individual . On that basis , the populati'on doses from i rri
gated products would be 0.2 man-rem/yr to the whole body and 0.3 man-thyroid-rem/yr to thyroids 
(Table III . 1-12). . 

The radiation dose from all liquid pathways combined listed in Table III.1 -7 for the maximum 
individual adult is 0 .. 6 mrem/yr to the whole body and 1 mrem/yr the thyroid. The infant thyroid 
dose from the liquid pathways is about 1 mrem/yr, entirely from drinking water , and the total 
infant thyroid dose is 1.4 mrem/yr. The combined whole body dos~ to the population from liquid 
pathways was estimated to be about 1 man-rem/yr, while the combined population thyroid dose from 
the liquid pathways i s ~10 man-thyroid-rem/yr (Table III . 1-12). 

III. 1.1 . 2 Imoact of Gaseous Releases 

The radionuclides released to the atmosphere from the several Hanford fac iliti es were discussed 
in Section II.1 . 1. The various releases were grouped into five categories for purposes of dose 
calculation. Table III. 1-8 lists the releases from the 200-ft stack at the 100-N Reactor Area . 
Table III. 1-9 summarizes all of the releases to t he atmosphere in t he 200 East and 200 West Areas 
into two categories : roof vent releases and stack releases . For purposes of offs ite dose cal
cu l ations , all of these releases were assumed to occur at one location between 200 East and 
200 West Areas close to the Hanford Meteorology. Station (HMS). 

TABLE II I. 1-8 

RADIONUCLIDES RELEASED WITH GASEOUS EFFLUENTS AT 100-N AREA 
IN 1972(a) 

Nuclide CiLYr 

3H 27 
41Ar 1 X 105 

131 I 0.013 
1331 0. 5 

(a) Released from the 200-ft stack. 

* The word "conservative" implies the use of assumptions which would tend to overestimate 
rather than underestimate the dose to man. 
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TABLE III.1-9 

RAOIONUCLIDES RELEASED WITH GASEOUS EFFLUENTS AT THE 200 AREAS IN 1972 

Curies£'.Year Released 
Nuclide Roof Vents(al Stacks(b) 

3H l.O X 103 

85Kr 4. 0 X 105 
90sr 2. 28 x l 0 -1 8.03 X 10- l 

131 I 4. 71 x l 0 - 3 2. 06 X 10- l 
l33Xe 2.Q X 102 
239Pu l. 53 x 10-3 3.78 X 10- 3 

(a) Assumed to be a ground release for purposes of dose 
calculations. 

(b) Released from the 200-ft stacks. 

Table III . 1-10 summarizes the release data from all of the facilities in 300 Area into two 
categories: roof vent and 200-ft stack . Many of the stack release measurements in the 300 Area 
were below detection level in 1972. Nevertheless, the values in Table III . 1-10 were assumed to 
be positive measurements for purposes of dose calculation. 

In order to maximize the total dose from all gaseous pathways, the hypothetical maximum indi
vidual adult and child were assumed to be located directly across the river from the 300 Area . 
This is the location of the highest concentrations of radioiodine in the air, on vegetation and 
in milk, but is not the location of highest dose rate (mrem/hr to a radiation detector) from air
borne radionuclides from all sources. Since the major contributors to the air submersion dose 
rate are the releases from the 100-N stack, the highest external dose rate would be directly 
across the river from 100-N. However, no permanent residences are located in the near vicinity 
of the 100-N site, and the annual external doses to nonresident farmers and hunters should not be 
as great as the combined dose to the permanent residents on fanns near the 300 Area. The mathe
matical .model used to calculate air dispersion of the radionuclide releases is given in Refer
ence 11; the computer calculation scheme is given in detail in Reference 12 (excerpts included 
in Part 1 of Appendix III-A) . 

TABLE I I I. 1-1 0 

RADIONUCLIDES RELEASED WITH GASEOUS EFFLUENTS AT 300 AREA IN 1972 
Curies/Year Released 

Nuclide Roof Vents(al Stacks(bl 

Gross Alpha <3 . 6 X 10-S(c) <2 .4 x 10-s(d) 

Gross Beta(e) 2.9 X 10-3 <l . 6 x 10-4 

131 I l. 3 X 10-2 <l.6 X lQ-3 

(a) For purposes of dose calculations, a ground level release was 
assumed. 

(b) All measurements were below detection limits; however, for 
purposes of dose calculations, the values were assumed to be 
positive and a release height of 200 feet was used. The dose 
contributions of the stack releases so calculated were a small 
fraction of the total dose from 300 Area releases. 

(c) Measured as gross alpha, assumed to be plutonium with a 
composition like that processed in 327 building during 1972 

(viz, 0.035 wt% 238Pu, 86.3 wt% 239Pu, 11.8 wt% 240Pu, 1.7 wt% 
241Pu and 0.15 wt% 242Pu). 

(d) Assumed to be all 239Pu for purposes of dose calculations. 

(e) Reported variously as gross beta, 90sr and mixed fission products 
(MFP). Assumed to be all 90sr for purposes of dose calculations. 
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The meteorological data bases employed in the calculations were as follows: 

• Data collected at the Hanford Meteorological Station (over a 15-year period) were used 
for the 200 Area releases. 

• Data collected (over a 1-year period) at 100-N were used for the 100-N releases. 
, 

• A combination of wind velocity data collected (over a 2.5-year period) at the FFTF site 
and long-term stability data from HMS were used for the 300 Area releases. 

• Correction for height of release and plume rise were included . 

• Changes in elevation of the receptor location were not included . 

• Releases from building vents were treated as though they were at ground level. 

• No building wake factors were included. This results in conservative (higher) values 
for the atmospheric dilution factor (x/Q~) and dose to man. 

The "maximum individual" across the river from the 300 Area is in a location where the annual 
average atmospheric dilution is 

• 3.2 x 10- 7 sec/m3* from 300 Area vent releases 

• 6. 0 x 10-8 sec/m3 from 300 Area stack releases 

• 2. 3 x 10- 9 sec/m3 from 100-N Area stack releases 

• 4.0 x 10- 9 sec/m3 from 200 Area stack releases 

• 2.1 x 10-a sec/m3 from 200 Area vent releases. 

The doses to the maximum individual resulting from these various sources depends also upon the 
rate of release of the severa l radionuclides with the gaseous effluent . The external radiation 
doses to the maximum indiv idual adult and child from air submersion and the internal doses from 
radioiodine are sunmarized in Table III.1-7 . 

Inhalation and transpiration of tritium through the skin contribute a very small increment 
(2 x lOG* mrem/yr) to the internal dose received by all organs li sted in the table excep t for 
the mineral bone which does not accumulate tritium. The release of 85 Kr from the 291-A stac~ 
contributes 82% of the external dose t o the skin but only 8% of the external dose to the whole 
body of the maximum i nd ivi dual. Approximately 80% of the internal thyroid dose from airborne 
radionuclides results from the release of 131 I from the 300 Area. The tota·l dose to the max imum 
individual from air pathways is given in Table III . 1-7 as 0.088 mrem/yr to the skin, 0. 011 mrem/ 
yr to the whole body, GI tract and bone (principally from external exposure ) and 0.11 mrem/yr to 
the thyroid principally from ingestion of radioiodine. 

The whole body dose due to air submersion is tabu lated versus di stance from the HMS in 
Table III.1-11. The integrated dose from this source is 1.4 man-rem/yr in 1972. The contri
butions from releases at the 200 Areas (9 x 10- 3 man-rem/yr) and the 300 Area (4 x 10- 6 man
rem/yr) are a neg li gibly small fraction of the total air submersion dose. 

The population dose from all gaseous pathways is listed in Table III.1-12. A small increment 
population dose (0.02 man-rem/yr) results from releases of tritium to the atmosphere from the 
100-N and the 200 Areas stacks. Table III.1-12a shows the trend of recent years in popula
tion doses of Hanford origin, expressed as percentages of annual dose limits as given i n 
EROAM-0524 . 

The total population dose to the thyroids of local residents was estimated by two methods. A 
tabulation of all dairy cows in Benton and Franklin counties was availab le from the bi-county 
health department . From these data , it was estimated that 41,200 lb of milk were produced each 
day for delivery to conmercial milk plants in eastern Washington and to a-limited extent Portland, 
Oregon, and Seattle, Washington, In addition , about 10,500 lb/day of milk were produced by non
shippers in Benton and Franklin counties . At an average population consumption of 0.35 liters 
of milk/day, this quantity of milk would provide for about 74,000 consumers if it were all used 
as fresh milk. 

* Ci/m3 divided by Ci/sec. 
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TABLE III.1-11 

ESTIMATED CUMULATIVE POPULATION, CUMULATIVE ANNUAL DOSE AND AVERAGE ANNUAL DOSE 
IN CIRCULAR AREAS AROUND THE HANFORD METEOROLOGY STATION FROM GASEOUS 

EFFLUENTS RELEASED FROM ALL FACILITIES IN 1972 

Radius Cumulative Cumulative Dose Average Annual Dose 
(miles) Poeulation (1973) man-rem/year mrem/year eer eerson 

10 0 0 
20 5,885 0. 10 
30 71,438 0. 78 
40 135,944 1. 1 
50 248,644 1.4 (a) 

{a) Contributions from 100-N, 200 Area and 300 Area are 
9 x l0-2, and 4 x 10-6 man-rem/year, respectively. 

TABLE III.1-12 

SU~ARY OF ESTIMATED POPULATION DOSES RECEIVED 
AS A RESULT OF THE HANFORD OPERATIONS 

Whole Body Dose 
man-rem/yr 

Pathway 1972 

Gaseous Effluents 

Air Submersion 1.4 

Tritium (Inhalation & 
Transpiration) 0.02 

Radiodine (Inhalation, 
Milk, Vegetables) 

Liquid Effluents 

Drinking water 0.45 
Fish Consumption 0.11 
Aquatic Recreation 0.40 
Irrigated Foods 

(Produce, Eggs, Meat) ..£.:..1§. 

Total 2.5 

(a) ( ) indicates internal dose from external exposure. 

0 
0. 017 
0. 011 
0. 0083 
0. 0055 

1.4' 

Thyroid Dose 
man-thyroid 
ren/y__r 1972 

(1.4)(a) 

0.02 

0.6 

8.9 
0. 12 

(0.40) 

0.33 

12 (b) 

(b) Not including the contribution from 129! in the Hanford environment 
presumably as a result of previous years of operation. This con
tribution can be estimated to be an additional 4 man-thyroid
rem/yr. 6, 13 
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TABLE I I I. 1-12a 

COMPARABLE DOSE ESTIMATES(a) FOR MAXIMUM AVERAGE 
INDIVIDUAL AND RICHLAND RESIDENT, 1968-1972 71 

% of Limit Limi t 

1968 1969 1970 1971 1972 (mrem/;tr) 

Maximum Individual 
Bone 17 9 6 < 1 <l 1500 
Whole Body 5 4 2 < l <l 500 
GI Tract 4 3 2 <l < 1 1500 
Thyroid (infant) 7 4 2 <1 <1 1500 

Average Richland Resident 
Bone 3 3 2 < 1 <1 500 
Whole Body 2 2 l <l < 1 170 
GI Tract 5 4 2 <l < l 500 
Thyroid (infant) 8 5 2 <l < l 500 

(a) Not including contributions from fallout or natura l background radiation . 

Concentrations of radioiodine in thi s milk from all Hanford sources were estimated using the math
emati cal models previously discussed, and the resultant popu lation thyroid dose to all the milk 
consumers was calculated to be 0.5 man-thyroid-rem/yr . Inhalation and consumption of fresh 
leafy vegetables was est imated to add another 0. 1 man-thyroid-rem to this total. These results 
are listed in Table III.l-12. . 

Another estimate was made of the maximum potential thyroid dose by assuming that sufficient milk 
and leafy vegetables were produced locally to supply all of the needs of the population with in 
50 miles. The dairy cows and gardens were distributed the same way that the population was (not 
necessarily implying each family had their own cow and garden ). On thi s bas is, the total inte
grated thyroid dose was estimated from a modification of the air submersion dose computer code 
to have an upper limit of 0.9 man-thyroid rem/yr from inhalation, milk and leafy vegetables 
combined, in reasonable agreement with the value of 0.6 calculated by the first method . 

An additional source of thyroi d exposure in the Hanford en vironments is the 129 I present from 
oast releases . Measurements of this radionuclide have recently been reported . 6, lj, 1* From these 
data, 13 the thyroid doses to indi vi dua ls in the vici ni ty of Hanford from all potential pathways 
were calculated . 6 The dose to the maximum indivi dual adult and infant thyroids were both esti
mated to be about 0. 4 mrem/yr . In a manner simi la r to that employed for cal cula tin g the popu la
tion doses from 131 I and 133 I for 1972, the contribution from the total 129 I present in the local 
environment was estimated to be about 4 man-thyroid-rem/yr. These 129 I contributions were not 
included in ·the thyroid doses tabulated in Tab les III. l-7 and III.1 -12 . 

III.1.1.2.l Inhalation of Plutonium 

The estimated dose to the lung and to the bone of individuals in the Hanford environment due to 
plutonium releases to the atmosphere can be ca l culated by the methods detailed in Appendix III-a. 
These calculations have been made for both soluble and insoluble plutonium compounds fo r 1 year 
of chronic exposure at the release rates for 1972 as given in Table III.1 -9 . The first year and 
the 50 year dose commitments were calculated. The resultant doses depend on the individual 's 
location rela tive to the 200 Areas . The doses calculated at t he distance of closest approach to 
the Hanford boundary in the preva i.ling downwind direction (east southeast to southeast ) are 
su11111arized in Tabl e III.1-13. 

An analysis of pl utonium air sample data showed no signifi.cant difference between nearby areas 
in the prevailing downwind direction from the chemical process i ng areas and similar data for more 
distant perimeter co11111unit i es in both the upwind and downwind directi on. In 1972 , the pluton ium 
concentrations averaged 1.9 x 10- s pCi/m3 at nearby downwi nd locations and 1.8 x 10-s pC i/m3 at· 
the more distant perimeter co11111unities. Since these are actual air concentration measurements , 
they include any contribution from resuspension of any previously deposited plutonium. The lung 
dose due to these concentrations, which are believed to be due to worldwide plutonium fall ou t, is 
about 2.2 x 10-4 rem/year. The SO-year lung dose co11111itment is about 1 ~rem. These lung dose 
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values were calculated from the measured average plutonium air concentrations at perimeter 
colllllun i ties using the concentration to dose conversion factor of (12 rem/yr)/(pCi/m3) as given 
in EPA report number EPA-520/4-73-003. 1 5 · 

Lung 
Bone 

TABLE III. l-13 

MAXIMUM RADIATION DOSE TO AN INDIVIDUAL FROM 
INHALATION OF PLUTONIUM RELEASED AT THE 200 AREAS IN 1972(a) 

Soluble Insoluble 
50 Year 50 Year 
Dose Dose 

1st Year ColT'ITlitment 1st Year Colllllitment 
{rem} 

2.2 X 10-] 
{rem} 

2. 7 X 10-? 
{rem} 

2.2 X 10-6 
{rem} 

1.0 X 10-S 

l. l x 10-6 , :·o x ,o-4 5. 9 X 10-8 3.9 X l•- 5 

(a) Results based on ICRP Task Group Lung Model (Appendix III-8) . 

II I.1.1.2 .2 Radionuclide Analysis of Human Ti ssue Samoles at Autopsy [X.10] 

In 1949 a program of tissue sampling at autopsy was in iti ated 16 on former Hanford employees, 
residents of the Hanford regions and persons from distant places who had died loca l ly. The 
objective of th i s program is to obtain tissue samples for analysis for plutonium and other radio
nuclides to fonn a more direct basis for assessing the radiological impact of the Hanford pluto
nium facilities on workers and local residents and for evaluation of the long-tenn effectiveness 
of safety practices associated with operation of Hanford facilities. This study supplements two 
other ERDA-sponsored studies relating to the health of Hanford workers and residents : the U.S . 
Transuranium Registry and the ERDA Health and Mortality Study. Both studies have been 
documented. 

The number of cases analyzed between 1949 and 1970 amounted to about one-third of those coming 
to autopsy at the local hospital. 17 Samples of lung, liver, bone and the tracheobronchial lymph 
nodes, when prominent, were taken from noncontagious disease cases as selected by the patholo
gist. At various times other samples such as blood, pancreas, prostate, seminal vesicles and 
spleen have been taken. Because of the infrequency of measurable plutonium in these samples, those 
tissues are no longer sampled on a routine basis . In cases where measurable plutonium was 
anticipated because of known occupational exposure, the sampling of tissues has been more 
ext ensi ve. 

The measurement capability for plutonium in autopsy tissue samples varies with amount and type 
of sample and with analytical chemistry parameters. For practical purposes, the detectable 
amount in a sample for the cases reported here may be taken as about 20 fCi Pu (total plutonium 
alpha) per sample. The detectable concentration then depends on the sample size. For example, 
using the above, the detectable concentration of plutoni um in a one gram tracheobronchial lymph 
node would be 20 fCi Pu/g whereas if 1000 grams of lung had been processed, the detectable 
concentration would be 0.02 fCi Pu/g of lung. 

Results of sample analyses co""'leted through 197017 were published in 1972. At that time, 160 
cases had been analyzed for individuals who had worked at Hanford; another 147 cases had been 
reported for individuals who had lived in the Hanford area for at least three years but who 
had not worked at Hanford; and another 50 cases had been analyzed for individuals coming to 
autopsy locally but who had not resided locally. 

Of the individuals residing locally, the largest positive measurements were 2.6 fCi Pu/g of lung 
and 2. 3 fCi / g of liver. About one-half of the results for each of these tissues were less than 
0.5 fCi Pu/g. Of those individuals not residing locally, the measured concentration of pluto
niiJlll in lung and liver did not exceed 5 fCi Pu/g except for one liver specimen in which a 
measured concentration of 6.5 fCi/g was obtained in 1950. Again, about one-half of these results 
were less than 0.5 fCi Pu/g. The largest positive measurements obtained since 1950 were 
1.8 fCi Pu/g of lung and 1.1 fCf Pu/g of liver . 

Measurement of plutonium in tracheobronchial lymph nodes was initiated in late 1959, and results 
have been obtained on 76 cases of local residents and 31 cases of nonlocal residents. Among 
local residents, the highest concentration found was 140 fCi Pu/g. Ninety-seven percent of the 
results were less than 20 fCi Pu/g and over one-half of the results were less than 5 fCi Pu/g. 
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Among nonlocal cases, the highest concentration measured was 68 fCi Pu/g and again about 97% 
of the results were less than 20 fCi Pu/g and over one-half of the concentrations were less than 
5 fCi Pu/g. 

Except for one individual residing locally, the concentration of plutonium in bone was less than 
20 fCi Pu/g for all individuals of either environmental category. A plutonium concentration of 
49 fCi/g of bone was detennined for one individual in 1967. More than three-fourths of the 
results of measurements of plutonium in bone indicated concentrations of less than 5 fCi Pu/g. 

The amount of fallout plutonium that might be expected in local lung tissue samples is estimated 
to be approximately 0.5 fCi Pu/g. 16• 17 This resul~as well as the Hanford measurement results 
for both categori es of environmental residents are in substanti al agreement with analytical 
results obtained elsewhere for the general population in New Mexico, Colorado, Georgia, South 
Carolina, Tennessee and New York. 18 As a consequence, the Hanford data are considered to 
suggest preclusion of past Hanford operations as an important contribution to the presence of 
plutonium in local residents. 

Maximum va lues were reported for the various groups. Th e minimum was uncertain because so many 
results were very near background and could be reported only as less than some value, which 
varies with the si ze of the sample as well as statistical parameters assoc ia ted with the radio
chemical measurements. The best that can be done is to state the number of samples which are 
less than some prescribed value . However, the problem with such reporting is that how much less 
than the value shown the true activity may be is not known . Standard deviation of such data is 
meaningless. 

No reports on 90 sr in human teeth of Hanford personnel have been made because even during times 
of weapons fallout such measurements were not thought to yield significant results. In 1961, 74 

measurements of 90sr in sanitary water at Pasco indicated an annual average of about 0.3 pCi 
90Sr/liter, with a maximum of 1 pCi 90 Sr/liter. Also during that year, the average concentra
tion of 90 Sr in milk was about 3 pCi/liter, which was among the lowest in the nation . In 1972 
an average of about 0.2 pCi 90Sr/li ter was measured in Richland sanitary water while the average 
in local milk was about 3 x 10- 3 pCi 90Sr/l iter. 

A number of autopsy tissue samples were analyzed for fission products prior to 1963; none of 
these gave positive results so t he measurement program was abandoned. 

With such small amounts of 90sr in the envi rons, bones of animals were only infrequent ly ana
lyzed for 90sr. Analyses of ~eer bone for 90sr in 1972 detected 0.48 pCi 90 Sr/ g. 90 sr concen
trations75 in Hanford deer are simi lar to the concentrations in deer from other parts of the 
country and are attributed to fallout . 76 

A 1960 study77 of mortality from congen ital ma lformati on concl uded that the incidence of congeni
tal malformati on deaths in Benton County was nonnal . A 1965 paper78 asserted that malignancy 
indices for counti es bordering along the Columbia River correlated significantly with a mathe
matical express i on of exposure to the river and closeness to Hanford . However , another study79 

pointed out that omissions were made in the ear li er analysis and concluded tha t no evidence 
existed that persons liv ing downstream from the Hanford complex have had an excessive risk of 
death from cancer in general or from leukemia in particul ar. Also noted was that both Oregon 
and Washington have had a consistent excess in leukemia mortality but that the excess was present 
before Hanford began operation. 

The occurrence of "thyroid nodules" was not investigated. Symptoms appeared 10 years after 
Rongelap is landers had been exposed to about 1200 rads of 131 I radiation. 80 Upper limits on 
exposed persons, as measured in the Hanford environs, suggest doses of less than one rad over 
a 10-year period. The likelihood of thyroid nodules appearing as a result of such low expo
sures is judged to be very remote. 

For the most part. 131 1 found in human thyroids has been primarily associated with weapons fall
out or as a result of occasional unusual releases. In 1962, 37 children in the Hanford environs 
were examined81 for the presence of 131 I in their thyroids . The values ranged from less than 
20 pC1 131 I to 100 pC i 13 11 in- the thyroid. In a study82 of radionucl ides in people just down
stream from the Hanford reactors in late 1962, 131 I found in thyroids ranged from less than 
30 pC1 to 300 pC i among 12 indivi duals. As a resu l t of an unusual release of 131 1 from the Han
ford site in September 1963, a measured . value of 73 pCi 131 1 was reported83 based on food con
sumption. A child and his sister were residents of the fann where the maximum concentration of 
131 1 (less than 30 pC i) was found following this incident. Iodine-131 in bovine thyroids is also 
documented. 84 The emission of 131 I from the Hanford facilities has been so reduced over the 
years that such .sampling, collection and measurement are no longer warranted. 
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III.1.1.3 Direct Radiation 

Because of the isolation of the major nuclear faci l ities within the Hanford Reservation, no 
direct radiation exposure of the public occurs from these sources. Potential direct radiation 
exposure from a severe accident will be discussed later. 

III.1.1.4 Transportation of Radioactive Materials [X.26] 

Close coordination between ERDA, and the U.S . Department of Transportation (DOT) is maintained, 
assuring compliance with all pertinent regulations prior to the shipment of any radioactive or 
other hazardous materials. Special shipping containers are used when specified by the DOT. 

During 1972 the radioactive materials transported to or from the Hanford site did not result in 
any measurable population exposure. The quantities shipped were either small or consisted of 
alpha emitting radionuclides (uranium and plutonium), which had extremely low external radiation 
potential. 

Prior to 1972, approximately 40 shipments of 100-N irradiated fuel were made to West Valley, New 
York, for processing. The population dose potential received from such shipments was estimated 
using the shipping data and the calculation methods published by the USAEC in WASH-1238. 19 The 
population density along the shipping route was taken to be 110 persons per square mile in the 
western half of the route and 330 persons per square mile in the eastern half. Thus, for 12 ship
ments made per year at 3000 miles each, the general population dose would be '\.0.01 man-rem. How
ever, a few individuals would receive additional radiation exposure from closer approach to the 
vehicles. If a person were to spend about 3 minutes at 3 feet from the shipment, where the dose 
rate was 3 mR/hr, he would receive a whole body dose of 0.15 mrem. Assuming 10 such persons/ship
ment and 12 shipments/yr, the whole body dose to all such persons would be 0.018 man-rem/yr. The 
dose to the transportation workers can also be estimated to be about 0.15 mrem/person/shipment; 
with the same total of 10 workers/shipment and 12 shipments/yr, the total dose to the workers 
becomes 0.018 man-rem/yr. 

Thus, the total whole body population dose for all three categories combined is estimated to be 
'\.0.04 man-rem/yr. Since this dose was not incurred in 1972, it was not included in Tables IIl . l-7 
and IIl.1-12. But it is a potential dose if the alternative of offsite shipment instead of local 
processing were selected for the 100-N ·irradiated fuels. 

III.1.1.5 Dose to Population from all Sources 

The total doses to the whole body and the thyroids of the population living within 50 miles of 
the Hanford Reservation from the several pathways are summarized in Table III.1-12. The whole 
body copulation dose rate from all sources is 2.5 man-rem/yr. The average per-capita annual dose 
rate is 1.0 x 10-2 mrem/yr. When N Reactor is shut down, the current release of ~1Ar and some 
tritium and 1 31 ! as well as other activation and fission products from N Reactor effluents will 
cease. At that time, the air submersion dose to the population will be reduced to about 
0.09 man-rem/yr and the dose attributable to the liquid effluents will be reduced as the radio
active materials already in the river sediments decay. The radionuclides reaching the Columbia 
River from the groundwater system, (mostly tritium and 1 06 Ru-Rh) will, at their maximum rate of 
discharge, contribute less than 0.1 man-rem/yr to the local population dose. The population 
whole body dose in the first year after N Reactor is shut down is not expected to exceed 0.5 man
rem/yr and will then continue to decrease as the river inventory decays. 

The SO-year population lung dose corrmitment due to the 1972 Hanford Waste Management Operations 
release of 239Pu (all assumed to be insoluble) was 0.03 man-rem. The corresponding SO-year 
population lung dose corrmitment due to worldwide fallout plutonium (all assumed to be insoluble 
2 39 Pu) was about 250-man-rem. The SO-year lung dose corrmitment from fallout plutonium was 
nearly 9,000 .times the calculated SO-year lung dose corrmitment from Hanford 1972 emissions . 

Both the whole body population dose and the average per-capita dose are insignificant compared 
with the doses received by the same residents from natural background radiation and other man
made sources. The external penetrating whole-body dose from natural cosmic and terrestrial 
radiation sources in the Hanford vicinity has been measured at 75 to 92 mrem/yr. 

In addition to this background, natural radioactive materials within the body, acquired from 
ingestion and inhalation, add another 25 mrem/yr to the whole body dose.~ Therefore, the 
natural background per capita dose from external and internal sources is about 100 mrem/yr and 
the total population dose is about 27,000 man-rem/yr. Thus, the total exposure from Hanford 
sources (2.5 man-rem/yr) is 9 x 10-s of that from natural background and would be imperceptible 
when compared to the nonnal 10 to 15% fluctuation which occurs annually in the natural background 
radiation levels. 
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Medical and dental radiation from diagnostic and therapeutic procedures received in the U.S. in 
1970 totaled about 70 mrem/yr/capita. 20 Other miscellaneous sources listed by the EPA totaled 
2.6 mrem/yr per capita in 1970. These included 0. 1 from television receivers, 1.0 from high 
altitude air flights, and 1.5 from miscellaneous consumer products containing radioactive mate
rials (such as luminescent dials on watches). The dose from high altitude jet aircraft travel 
includes an average of 670 mrem/yr per crew member and a total of about 200,000 man-rem/yr for 
passengers at a rate of 0.7 mrem/hr while flying at an altitude of 30,000 feet. The dose 
received during a single high altitude cross-country flight (~6 hours) would then be about 4 mrem. 

Assuming the people within 50 miles of the Hanford Reservation are typical of the national aver
age, they probably received total population doses of 17,400 man.-rem/yr from medical sources of 
radiation, 250 man-rem/yr from jet air travel, 25 man-rem/yr from television receivers, and 
370 man-rem/yr from miscellaneous consumer products for a total of 18,000 man-rem/yr in addition 
to the natural background radiation. The population dose of 2.5 man-rem calculated to be 
received as a result of Hanford operations is within normal fluctuations of doses received from 
natural background radiation! Therefore, relation of a dose of this magnitude to any environ
mental effect would be unrealistic to postulate and impossible to demonstrate . 

I I I. 1. 1. 6 Maximum Hea 1th fffects [X.6] 

The reports, "The Effects on Populations of Exposure to Low Levels of Ionizing Radiation" (The 
BEIR Report) 20 and "Ionizing Radiation: Levels and Effects, "21 have attempt ed to relate radia
tion dose to the population to a quantity called "health effects . '' The health effects general ly 
considered are cancer deaths, cancer cases, general ill health and genetic damage. 

Both reports discuss the difficul ti es in arriving at dose to hea l th effect relat i onships because 
of the very low number of health effects that might occur at the low doses of radiation being 
considered . Because of the lack of data at the very low actual dose rates (usually 10- 3 or l ess 
rem/hr), health effect assumptions are extrapolated from data from radiation exposures at very 
high dose rates (many rem/hr). An additional assumption is then made that when the populat i on 
doses (sum of the dose received by each member of a population group) for population grou~s of 
various sizes are equal, the number of health effects are the same for each group. It does not 
matter whether t he doses are small and the populations are large or vice versa. The calculat ions 
make the conservative (yielding higher effects) assumption that the population dose health effect s 
relationship is linear and passes through the origin of a plot, i.e., zero dose equal zero effect. 

For the analysis of the maximum poteritial number of health effects that might occur as a result 
of the 1972 environmental radiation doses due to the Hanford Waste Management Operations, the 
dose to maximum number of health effect conversion factors from the BEIR Report as summarized by 
EPA 15 were used. These values are given in Table I II . 1-14 ~ 

For the population doses due to 1972 Hanford Was t e Management Operations, the maximum potential 
health effects are su111T1arized in Table III.1-15. For this ca l culation , the l ung and genetic 
organ doses were conservatively estimated to be the same as . the whole body dose. 

Si nce the number of health effects are all far less than one, it may be concluded that there are 
no health effects due to Hanford operations for 1972. The naturally-occurring radiation back
ground whole body dose is 11,000 times larger than the dose contribution from the Hanford opera
tions for 1972 (27,400 man-rem background to 2.5 man-rem Hanford). The maximum numbers of heal th 
effects (cancer deaths, cancer cases and genetic effects) arising from this natural background i s 
about 11,000 times the number of health effects calculated for Hanford operations. 

The question of whether low doses of radiation received at low dose rates results in any carcino
genic or genetic injury at all has not been resolved. Thus far animal experimentation has given 
no evidence that such injury results. In some experiments, the exposed animals have outsurvived 
the controls. Low exposures at low rates could some day be demonstrated to be tru ly ins i gn ifi 
cant . In the meantime, until this question can be resolved one way or other , it is prudent t o 
emp l oy conservative dose expected-effect assumptions. The Hanford Waste Management Operations 
have never considered adopting practices that would lead to exposures approaching recorrmended 
l imits or standards. The National Council on Radiation Protection and Measurements has stated 
in their report: 7 3 

* The U.S. Public Health Service recently reduced estimates of population dose due to errors found 
in earlier calculations. From the new estimates the population dose due to medical source 
would be reduced from 17,400 man-rem/yr to about 5000 man-rem/yr and the population dose from 
miscellaneous consumer products would be reduced from 18,000 man-rem/yr to about 6,000 man-rem/yr . 
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"Before considering any further restriction of radiation protection standards, it is 
important to attain realistic values for risks and benefits, for weighing risks and 
benefits in decision-making, and for the most effective application of the principle 
of "lowest practicable level." This approach is important in order to avoid the 
expenditure of large amounts of the limited resources of society to reduce very 
small risks still further with possible concomitant increase in risks of other haz
ards or consequent lack of attention to existing greater risks." 

TABLE III.1-14 

CONVERSION FACTORS 
Population Dose to Maximum Number of Health Effects 

Morta 1 i ty 
Organ 
Whole Body 
Lung 
Thyroid 
(Weighted Average)(a) 

Morbidity 
Whole Body 
Thyroid <l year old 

1-19 years old 
>20 years old 

(Weighted Average)(ai 
Genetic Damage 

Conversion Factors 
200 cancer deaths/106 man-rem 

50 cancer deaths/106 man-rem 
5 cancer deaths/106 man-rem 

400 cancer cases/106 man-rem 
150 cancer cases/106 man-rem 

35 cancer cases/106 man-rem 
5 cancer cases/106 man-rem 

20 cancer cases/106 man-rem 
300 effects/106 man-rem 

(a) Weighted for an asslllled population age distribution given by 
EPA in Reference 15 . 

TABLE II I. 1-15 

MAXIMUM NUMBER OF HEALTH EFFECTS FOR 1972 ENVIRONMENTAL DOSE LEVELS 

Mortality 
Population Maximum Number of 

Organ Dose Health Effects(a) 

Whole Body 2. 5 man-rem -4 5.0 x 10 cancer deaths 
Lung 2.5 man-rem -4 1.2 x 10 cancer deaths 
Thyroid 12 man-rem 6.0 X 10-5 cancer deaths 

Morbidity 
Whole Body 2.5 man-rem -3 1.0 x 10 cancer cases 
Thyroid 12 man-rem -4 2.4 x 10 cancer cases 
Genetic 2.5 man-rem 7.5 x 10-4 genetic effects 
Damage 

(a) This column gives the total number of health effects through 
all future years for the doses received in 1972 from Hanford 
Operations. 

The data on lung doses referenced in the previous section and the Appendix III-8 have assumed uni
form distribution, 70 the method adopted by the International Corrmission on Radiological Protection. 
However, it has been proposed that sU11111ing the energy released from radioactive material in the 
lung over the entire lung may not be a proper assessment of consequences. 22 , 23 Particulate radio
active materials (hot particles) nay be considered to produce a 111Jch larger health effect than 
would be expected from the total organ dose because of the very high dose delivered to the tissue 
by alpha particles from the deposited material. 
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The Radiation Alert Network of the Division of Atrrospheric Surveillance, EPA, routinely collects 
airborne particulates from eleven stations across the U.S. for plutonium analysis. 24 The high, 
low and Seattle values are: 

Anchorage, Alaska 14 x 10-10 Ci/m3 
Austin, Texas 44 x 10-10 Ci/m3 
Seattle, Washington 20 x 10- 18 Ci/m3 

The measurements for 1972 at Richland, Washington and other locations in the vi cinity of the 
Hanford Operations averaged 19 x 10- 18 Ci/m3 .. At this background level, it i s not poss i ble t o 
measure the Hanford contribution to the general fallout plutonium. However, a calculati on of the 
maximum plutonium concentrations at an offsite location can be made from the measured stack and 
vent emission rates and the measured dilution factors. The calculated maximum concentrat ions 
at the nearest occupied location is 1.5 x 10- 18 Ci/m3, about one-tenth of the concentration of 
fallout background. The average concentration is considerably less . 

In su11111ary, the Hanford measurement of 19 x 10- 18 Ci/m3 includes the ca lculated maximum add iti on 
from Hanford of 1. 5 x 10- 18 Ci/m3 and any resuspension that would result from prev ious Hanford 
or fallout depositions. Thus, the Hanford contribution does not measurably contribute to the 
plutonium fallout background. It is concluded from Tables III . 1-14 and III . 1-15, and from the 
plutonium measurements, that the Hanford Waste Management Operations for 1972 did not impact 
harmfully to any signif i cant degree on the health and well bei ng of the populati on i n the Hanford 
env i ronment. 

The question of whether or not there i s such a thing as a "harml ess " or "safe" dose of rad iation 
has not been conclusi vely answered to dat e. At very low doses of radiati on t he ex i stence or non
existence of any effect has not been proven. However , acceptable risk dose l evels have been 
establi shed by competent medi cal and sc i entific author i t i es. As i ndicated in the BEIR Report, 20 

t here i s insuffici ent information and scientifi c data on wh ich to base estimates of t he actual 
r i sk of health effects attributable to a parti cular i ncrease i n t he l evel of exposure of the 
general population to ionizing radiation. This report also recognizes that the assumpt ions and 
models used in making an analysis of health effects are fraught wi th uncerta i nty . There are 
r esponsible views to the effect that assumptions used i n cal cu lati ng so-call ed hea l t h effects 
are si mp ly not corr ect. The President of the Nat i onal Counc il on Rad iat i on Protecti on and Mea
surements has stated : 2 S 

"If thi s i s true it becomes purely a matter of j udgment as to where to set permi ssi bl e 
standards, and that is precisely the dilerrma i nto which we have worked ourse lves dur i ng 
the past decade . 

"In t he development of thi s concept, t here were many reservati ons and expl anat ions but 
if the li nea r dose-effect relationshi p i s t aken at i ts face , and you literal ly accept 
the rela tionshi p as fact rather than as assumpti on or mode l , you can presumab ly calcu
late t he number of people that wi l l be kil l ed by any level of rad iati on exposure that 
you wish to use. Thi s i s precisely what has happened during the past t hree or four 
years . A couple of authors predicted a ' ki ll' up to 100 ,000 peop le a year- - i n the 
minds of t he average reader and t he publi c- -due to the use of current standards app li ed 
to the generati on of electri c power by nuclear means . Another author pred i cted that 
the medi ca l profession would ' kill ' a third of that number because rad iolog i sts are not 
suffi ciently careful about diaphraming the i r x-ray beams. Sti l l another author pre
dicts a 'kill' of countless babies by exposure t o radiation from power reactors at 
radiation l evels far l ess t han the natural background radiat i on . What has happened is 
that each of these people have taken the assumptions or models and used t hem as t hough 
they were facts." 

There has been a history of disagreement with the established radiati on protecti on standards on 
t he part of some members of t he scienti fic co11111uni ty. In some i ns tances , t he absence of suffi 
cient data concerni ng biological effects f rom radiat i on at l ow level s has resu l ted in disagree
ment wi t h the val ue j udgment t hat use of radi ati on produci ng materi al s and processes shou ld 
proceed even though all r isks may not be known. The BEIR report does not propose new numer ical 
standards fo r radi ati on exposure but rather conc l udes that such dec i sions requ i re t echn ical, 
economic and soci ological cons iderations of a complex nature. 
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III.l.1.7 Occupational Doses to Hanford Workers* [RPS, X.6, X.25] 

The average number of Hanford employees during the years 1965 to 1973 was 8,951. The annual 
average dose ranged from 0.30 to 0.68 rem and for the period averaged 0.41 rem. The maximum 
received during the same period ranged from 4.4 to 8.4 rem. The average accumulated for this 
period was 4.1 rem with a maximum accumulated of 38.1 rem. 

Who l e body occupational doses to Hanford workers for the past ten years are shown in 
Table III.1-15a. The whole body occupational dose is included for all persons employed 
during each year, not just for those on the rolls at year-end. The averages are the total 
dose, ei ther for a -particular year or that accumulated since 1965 divided by the numer of 
employees on roll at year-end. 

TABLE III.l-15a 

WHOLE BODY OCCUPATIONAL DOSE 
(rem) 

Total No. Annual 
Year Emplolees Total Average Maximum 
1965 9,697 6,640 0. 68 5.0 
1966 9,379 4,430 0. 47 5. 1 
1967 9,405 4,150 0.44 4. 6 
1968 9,050 4,040 0.45 5.4 
1969 8,796 3,290 0.37 8.4 
1970 8,934 2,700 0.30 5. 0 
1971 8,563 3,090 0.36 4.9 
1972 8,338 3,090 0.37 4.4 
1973 8,240 2,550 0.31 4.8 

. 1974 9,111 2,940 0. 32 4.7 

III.1.8 Environmental Dose Co11111itment [RPS, X.24, X.25 ] 

The EPA has developed a concept called the "environmental dose co11111itment 11 to assess the total 
impact of a nuclear facility on the environment. EPA claims that "The concept encompasses the 
total projected radiation dose to populations co11111itted by the irreversible release of long
lived radionuclides to the environment, and forms a basis for estimating the total potential 
consequences on public health of such environmental release." 15 As stated by EPA, "Because of 
the difficulty of making projections of radionuclide transport on the basis of present knowledge , 
these potential consequences have been calculated only for the first one hundred-year period fol
lowing release." The particular radionuclides considered by EPA were tritium, 85 Kr, 129 1, and 
the actinides. 

The environmental dose co11111itment from Hanford Waste Management Operations is small because of 
the small quantities of radionuclides released to ttie environment. An estimate of the Hanford 
environmental dose co11111itment can be calculated by comparing the releases used by EPA 15 and the 
Hanford releases. For comparison, all assumptions stated by EPA were adopted and the resulting 
health effects for Hanford Waste Management Operations for several postulated time periods were 
calculated. Operating periods and emission rates assumed were: 

* The Health and Mortality Study of employees of ERDA contractors provides a comparison of 
radiation worker groups and their siblings with respect to longevity and cause of death. 
The study concludes that to date the gross analysis of relative longevity of employees 
exposed to external radiation has given no indication of any general adverse effect within 
the timt span currently available. However, the data do not warrant concluding that in the 
future some adverse effects may not become evident. Additional studies aimed at detecting 
any biological effects of radiation doses occupationally received at selected ERDA facili
ties were started in FY-1976. The emphasis of these new studies is to search for deleteri
ous effects in the definitive class of occupationally exposed workers who have received the 
higher exposures. Recently, an advisory co11111ittee reco11111ended procedures for incorporating 
exposure data from internally deposited radionuclides into the individual worker's exposure 
estimate. Programs of certification of radiation exposure values for all Oak Ridge employees 
and of ascertainment of date and cause of death on that population are now in progress. Per
sonnel and radiation data collection are scheduled for early completion at r-t>und Laboratories. 
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• N Reactor and Purex operate through 1978 with emission rates equal to those observed 
in 1972. 

• N Reactor and Purex operate through 1983 with emission rates equal to those observed 
in 1972. 

~ N Reactor and Purex operate through 1990 (the full design life of N Reactor) with 
emission rates equal t o those observed in 1972. 

The emission rates assumed for all three cases are believed high because process improvements 
and effluent reduction programs are continually being developed and adopted . The environmental 
dose commitment was calculated for the four radionuclides considered in the EPA study. Exposures 
were calculated for a U.S. population increasing from 200 million in 1970 to a constant 400 mil
lion in the year 2030 and beyond. The earth's population was taken as 3.5 billion in 1970 with 
a growth rate of 1.9% per year. 

The quantities of radionuclides potentially released by the nuclear power industry through 2020 
were calculated by summing the 5-year inventory quantities and multiplying by the EPA assumed 
release fraction as shown in Table III. 1-15b. 

TABLE III.1-15b 

POTENTIAL RADIONUCLIDE RELEASES FROM NUCLEAR POWER INDUSTRY 
Total Quantity Assumed Ca 1 cu lated 

Produced to Release Quantity 
Radionuclide 2020 (Ci) Fraction Released (Ci} 
Tritium 1. 1 X 109 1. 1 X 109 
85Kr 1.4 X 1010 1 1. 4 X ,010 
129I 5.5 X 104 0. l 5. 5 X 1 o3 

239Pu 1.0 X 109 1 o-6 1.Q X 103 

The health effects calculated to result from this release fr om the nuclear power industry 
the period 1970 to 2020 and for the following 100 years as given by EPA are shown in 
Table III.1-15c. 

TABLE III.1-15c 

POTENTIAL HEALTH EFFECTS ON THE EARTH ' S POPULATION FROM NUCLEAR 
POWER INDUSTRY AS STATED BY EPA 

Calculated Total 
Radionucl ide Curies Released Health Effect Severit:t 
Tritium 1 . ] X ] 09 2,800 2/3 Fata 1 
85Kr 1.4 X 1010 6,900 2/3 Fata 1 
129I 5, 5 X 103 250 1/4 Fatal 
239Pu 1.0x 103 24,000 All Fatal 

for 

The quantities of these radionuclides released by Hanford Waste Management Operat ions under the 
three postulated operating periods are given in Table III. 1-15d. 

TABLE I I I. 1- l 5d 

ESTIMATED RAD IONUCLIDE RELEASE FROM HANFORD WASTE MANAGEMENT OPERATION 

Curies Released for 

Radionuclide 
Tritium 
85Kr 
129I 
239Pu 

Postulated Operating Periods 
1972+1978 

4. 8 X 104 

2.4 X 106 

1.8 X 101 

3. lxlo-2 
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1972+1 983 
8. 8 X 104 

4.4 X 106 

3. 3 x ,al 
5.7 X lQ- 2 

1972•1990 
1.4 X 1 OS 
7. 2 X 106 

5. 4 x ,al 
9. 3 X 10-2 
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For the releases of radionuclides given in Table III.1-lSd. the environmental dose corrmitments 
in maximum number of health effects are given .in Table III.1-15e for each postulated operating 
period. The calculation is made by taking the ratio of the releases used by EPA and the esti
mated releases from the Hanford Wast~ Management Operations and applying the resulting ratio to 
the health effects as calculated by EPA. This approach accepts all assumptions and calculatory 
methods used by EPA.ls 

TABLE III.1-15e 

MAXIMUM POTENTIAL HEALTH EFFECTS ON THE EARTH'S POPULATIONS 
FROM HANFORD WASTE MANAGEMENT OPERATIONS 

Radionuclide 
Tritium 
(2/3 Fata 1) 

85Kr 
(2/3 Fatal) 

1291 
(1/4 Fatal) 

239Pu 
(All Fatal) 

Health Effects for 
Postulated Operating Periods 

1972-1978 1972-1983 1972-1990 
.0.3 0.5 l 

2 4 7 

2 3 5 

2 3 5 

The significance of these values is not known. Although the dose rate is extremely low. the 
population exposed is taken to be very large. The uncertainties involved in using health effects 
data from high dose and high dose rate exposures to estimate the effects for extremely low doses 
and extremely low dose rates were reviewed earlier. The whole body dose to an average earth 
resident from one years total release of 85 Kr from Hanford is about 2 x 10- 9 rem/yr. Naturally
occurring radiation background is about 100 million times greater for each individual on the 
earth. 

III. 1.1.9 1974 Update-Radiological Impact on Man 72 

The preparation of this impact statement began in August. 1973. thereby necessitating the use of 
1972 data. Throughout its preparation. some data updating has been provided. This section sum
marizes the radiological impact on man for CY-1974. · The improvements in effluent controls put 
into service since 1972. the change in N Reactor product requirements. and the fact that the 
Purex flant did not operate in 1974 all tend to reduce the quantities of effluents released. The 
low population dose of 2.5 man-rem calculated for 1972 operations was further reduced. The envi
ronmental measurement program results of 1974 and a bibliography of earlier reports are included 
as Appendix III-G of Volume 2. 

II I. l. l. 9. 1 Maximum "Fence-Post" Exposure Rate 

The maximum "fence-post" exposure rate during 1974 was calculated to be 2 x 10-5 mR/hr along the 
northwest boundary of the Hanford Reservation. Although no one lives in this particular area. 
the dose potentially received by an individual continuously present on the boundary was estimated 
to be 0. 17 mrem. The majority of the do!'e received would be from 41 Ar (half-life 1.8 hours) 
released at N Reactor. 

III.1. 1.9.2 Maximum Individual Dose 

The maxirrum dose to an individual member of the public during 1974 and the SO-year dose co111nit
ment from 1974 effluent were calculated for all of the radionuclides listed in Table III. 1-lSf. 

All significant envirorvnental exposure path~ays were evaluated including submersion in the plume. 
drinking water. foodstuffs irrigated with Columbia River water. atmospheric iodine-pasture-cow
milk pathway, etc. The methods employed are expected to provide a best estimate of the doses due 
to the different exposure pathways. The calculated doses are conservative since less-than num
bers in Table III.1-lSf were assumed to be positive measurements for purposes of dose calculation. 
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3H (HTO) 
24NI 
32p 

41Ar 
46Sc 

Slcr 
S4Mn 
56Mn 
58Co 

59Fe 
60co 
65zn 
76As 
90sr 
95Nb 
95zr 
99M., 
99rc· 
103Ru 
106Ru 

122sti 
124Sb 
125Sb 
1311 

1321 
1331 

133Xe 
134cs 
1351 
135xe 
137cs 
140Bal.a 
141ce 
144ce 
187,_. 

239,-. 
241AII 

Pu-Alpha(d) 
U-Alpha(d) 
Part1culates(e) 

TABLE III.1-lSf 

RADIONUCLIDE COMPOSITION OF EFFLUENT - 1974(a) 

Half Life 
12.3 yr 

15 hr 
14.3 d 
1.8 hr 

84 d 

28 d 
303 d 

2.6 hr 
71 d 

46 d 

5.3 yr 
245 d 

26.4 hr 
28 yr 
35 d 

66 d 

67 hr 
2. 1 X 105 yr 

40 d 

368 d 
2. 8 d 

60 d 

2. 7 yr 

8 d 

2. 3 hr 
20 . 3 hr 
5. 3 d 

2. 0 yr 
6.7 hr 
9.1 hr 

30.0 yr 

12.8 d 
32.5 d 

284 d 

23 . 9 hr 
2.3 d 

458 yr 
24,390 yr 
4. 5 X 109 yr 

Liquid to 
River 

190. 
1.0 

0.004 

0.02 
0.22 
0.5 
5.0 
0.02 
o. 18 
1.2 

0.2 
0. 03 
0. 3 
0. 1 
0. 11 

<0.6 

<0. 1 
0.12 
0.5 

<0.01 
<0.07 
0. 02 
2.33 

0. 003 
0.02 

o. 12 
0.8 
a.as 
0.103 

<0 . 01 
0. 02 

Effluent (Curies} 
Gaseous 

lOO Areas 200 Areas 
4.2 

50,000 

0. 5 
o. 1 

2.2 
o. 15 

3. 1 
1.8 

0. 23 

(a) Table includes al l reported releases. 

300 Areas 

<5 x 10-5(b) 

<J X 10-7 

<4 X 10" 5 

<4.3 X 10-4 

(b) Actually reported as mixed activation products. Cobalt-60 ass!Jllled for simplifica
tion and -s used fn dose calculations. 

(c) Actually reported as mixed fission products. Stronti...,90 assumed for simplifica
tfon and -s used in dose calculations. For 300 Area , 2 x 10- .. curies of 90sr .,..s 
reported. The addttional, <2 x 10-.. , wu reported as mixed fission products. 

(d) Gross alpha. counts for different facilit1es interpreted as either reflecting 239Pu 
or urani .. activity dapending on the nature of the operations inside the fac111t1es. 

(e) Gross activity collected on particle filter. Subsequent. analyses have shown the 
najority of the particulate activity to be 99Mo. This radionuclide .,..s used 1n the 
dose c1lcul1tions. 

III.1-21 



0 

-;-.. 

Past studies, combined with results of the environmental surveillance program, have facilitated 
the construction of a hypothetical person whose dietary and recreational habits maximize the dose 
he might receive from Hanford operations. Such a hypothetical person is called the maximum ind i
vidual . The hab i ts and diet of the maximum individual include the maximum reported for each expo
sure mode i n spite of the fact that the maximum values are not, in actuality, attributable to the 
same person. The maximum individual is a person assumed to have the following characteristics : 

• Resides continuously directly across the river from the Hanford 300 Area. 

• Obtains drinking water from the Columbia River . 

• Drinks 275 liters of milk during a nine-month period from a cow eating pasture grass 
near his residence . 

• Eats 710 kg · of produce grown near his residence and irrigated with Columbia River water . 

• Eats 40 kg of fish per year caught from the Columbia River . 

• Spends as much as 500 hours per year on the shorel i ne of the Columbia River, 100 hours 
per year swirrming in the river, and 100 hours per year boating. 

The estimated ~hole body dose received during 1974 for such an individual from effluent released 
dur i ng 1974 is 0.03 mrem as shown in Table III.l-15g . The dose received was primarily the result 
of external radiation from 41Ar releases from N Reactor (0.02 mrem) and radionuclides ingested 
with fish from the Columbia River and foodstuffs irrigated with Columbia River water (0.01 mrem) . 

TABLE II I. 1-159 

ESTIMATED DOSE TO THE MAXIMUM INDIVIDUAL DURING 1974 FROM EFFLUENTS 
RELEASED FROM HANFORD FACILITIES DURING 1974 

Annual Annual Dose tmrem)(a) 
PathWI):'. Ex!!!!sure Skin _b~ GI-LL __b_n,L_ 

Gaseous Effluents 

Air Submersion 8766 hr 3.Q X 10• 2 2.Q X 10"2 (2. 0 X 10"2)(b) (2 . Q X 10"2) 

Tritium-Inhalation 8766 hr 7. 0 X 10. ]Q 7.0 X l Q• lQ 7. Q X ,o•lQ 
& Transpiration 

Radioiodine-lnhalation 7300 m3 

Milk 274 liters (c) 

Vegetables 30 kg(d) 
( leafy) 

Total Air Pathways 3. Q X 10-2 2.0 X 10·2 2.Q X 10• 2 2. 0 X 10• 2 

Li9uid Effluents 

Ori nki ng Water 730 1 i ters 2. 4 X 10•4 4 . 9 X 10•4 2. Q X 10•4 

Fish Consumption 40 kg 5. 7 X 10•3 2.1x10·2 6. 2 X 10•3 

Irri gated Foods 710 kg 4.8 X 10"3 7. 5 X 10"2 2.5 X 10.J 

Shoreline 500 hr 4 . 0 X 10"3 3.0 X 10• 3 (3.Q X 10"3) (3.Q X 10-3) 

Swirrmi ng 100 hr 2.0 X 10•5 2.Q X 10"6 (2 . Q X 10"6) (2.Q X 10•6) 

l.Q X 10•5 8.Q X 10•6 ·61 -6 
Soati ng 100 hr is.ax 10 • is . ax 10 l 

Tota 1 Water Pathways 4.Q X 10·3 l.4x10·2 3.2 X 10•2 1. 2x10·2 

Tota 1 _(Adul tl 3.4 X 10•2 0.03 0. 05 0.03 

Infant Th):'.roid Dose 

Airborne Tritium 8766 hr 

Air S11bmersion 8766 hr 

Inhalation 2045 m3 

Milk 274 liters(c) 

Drinking Water 292 1 iters 
Total (Infant) 

(a) Dose received during 1974 due to effluent released during 1974 . 
(b) Internal Dose from external exposure indicated by parenthesis ( ). 
(c) One liter per day for a 9-month grazing season. 
(d) 200 g/d for a 5-month growing season. 
(e) Only the potentially irrigated produce is included. 
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Th;::ro1d 

(2. Q X 10"2) 
7. Q X lQ•lQ 

2.0 X 10"3 

6. Q X 10"2 

1 .Q X 10•2 

9.Q X 10·2 

1.7 X 10•2 

1.8 X 10•2 

6. 3 X 10"2 

(3.Q X 10"3) 

(2.Q X 10"6 ) 

is . a x 10·6i 
1.Q X 10-l 

0.19 

4.0 X 10-lQ 

(2.0 x 10·2) 

6 . Q X 10•3 

0. 4 
5.Q X 10·2 

0.5 
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The dose potentially received by the thyroid of an infant (one year old) was estimated to be 0.5 
mrem from effluent released during 1974, as shown in Table III. 1-lSg. The dose was primarily due 
to 131 1 in milk and drinking water. The iodine in milk results from irrigation of the pasture 
with Columbia River water and deposition on the pasture grass of airborne iodine. Essentially 
all of the dose would be received during 1974 since 131I has an eight-day half-life. The pre
viously estimated thyroid dose contribution from 12 91 is not included. 

The SO-year whole body dose corrmitment to the maximum individual from 1974 effluents is 0.05 mrem 
as shown in Table III . 1-lSh. The additional 0.02 mrem received after 1974 is due primarily to 
the consumption during 1974 of 90sr in drinking water, fish, and irrigated foods. The bone dose 
recei.ved during 1974 was estimated to be 0.03 mrem due primarily to external exposure. The SO
year dose commitment to the bone was estimated to be 0.1 mrem, as shown in Table III.1-lSh. The 
dose received after 1974 is due primarily to 90 sr. 

TABLE IILl- lSh 

ESTIMATED SO-YEAR DOSE COMMITMENT TO THE MAXIMUM INDIVIDUAL FROM EFFLUENTS 
RELEASED FROM HANFORD FACILITIES DURING 1974 

Annual Dose Corrmitment (mrem!(a) 
Pat'-a,l Ex~sure mn §od,l GI-LLI ~one 

Gaseous Effluents 

Air Sul:lllersion 8766 hr 3.0 X 10•2 2.0 X 10•2 (2.0 X l0.2)(b) (2.0 X 10·2) 

Tri tium-Inhalation 8766 hr 7.0 X lO·lO 7.0 X lO•lO 7. 0 X lO•lQ 
& Transpiration 
Radioiodine-Inhalation 7300 m3 

Milk 274 11fe?(c) 
Vegetables 30 kg d 
(leafy) 

Total Air Pathways 3. 0 X 10•2 2. Q X 10•2 2,Q X 10·2 2.Q X 10·2 

Li9uid Effluents 

Drinking Water 730 liters 8.3 X 1•- 4 4.9 X ]Q-4 2.6 X 10·3 

Fish Consuinption 40 kg 1.1 X Jo•2 2. I x 10·2 2.6 X l•-2 

Irrigated Foods 710 kg(e) 1.5 X 1•• 2 7.5 X 10•2 4.6 X l •- 2 

Shorel 1ne 500 hr 4.0 X 1•- 3 3. Q X 1•- 3 (3.Q X 10°3) (3 . Q X 1•- 3) 
Swirrming . 100 hr 2. Q X 10•5 2.Q X 10•6 (2.Q X 10°6) (2 . Q X 1•- 6) 
Boating 100 hr J. Q X 1••5 8.Q X ] •• 6 (8.Q X 10"6) (8.Q X 10"6) 
Total Water Pathways 4. 0 X 10.J 3.0 X 10·2 3. 2 X 10·2 7.8 X 10·2 

Total (Adult) 3.4 X 10•2 0. 05 0.05 0.10 

Infant Thiro id Dose 

Airborne Tritium 8766 hr 
Air Sublllersion 8766 hr 
Inhalation 2045 m3 

Mi l k 274 liters(c) 
Drinking Water 292 liters 

Total (Infant) 

(a) Dose connitment for 50 years (1974-2023, inclusive) due to effluents released during 1974. 
(b) Internal dose fran external expasure indicated by parenthesis ( ). 
(c) One liter per day for a 9-month grazing season. 
(d) 200 g/d for 5-month growing season. 
(e) Onl y the potentially i rrigated produce 1s Included. 

III.l. 1.9. 3 SO-Mile Radius Population Dose 

Thiro;a 

(2.0 X 10-2) 
7.Q X 10·10 

2.Q X 10·3 
6.Q X 10·3 
1.0x 10·2 

9.Q X 10·2 

1. 7 X l •- 2 

1.8 X 1••2 

6.3 X l •- 2 

(3 . Q X 1•- 3) 
(2.Q X 10·6 , 

(8 . lJ X 10·6i 
J.Q X 10.] 

0. 19 

4 . Q X 10• l 0 

(2.Q X 1•-2 ) 

6.Q X 10·3 

0. 4 
5.Q X 10·2 

0.5 

The whole body population dOie-rec~ived during 1974· by the population within an SO-mile (80-
kilometer) radius of theHanford Reservation and the SO-year dose corrmitment from effluent 
released during 1974 were estimated for all of the radionuclides listed i n Table III.1-lSf. 
Table III.1-l Si lists the popu la tion dose received during 1974 by the whole body, bone, GI-LLI 
(Gastro-Intestinal tract - Lower Large Intestine), lung, and thyroid. The estimated whole body 
population dose received by the approximate 250,000 people living within the SO-mile (80-
kilometer) radi us during 1974 was 1. 1 man-rem dr an average annual dose per capita of 0.004 mrem. 
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TABLE III.1-lSi 

ESTIMATED POPULATION DOSE DURING 1974 FROM EFFLUENTS RELEASED 
FROM HANFORD FACILITIES DURING 1974 

Annual Dose (man-rem){a) 
Exposure Mode Radionuc 1 ide Whole Body Bone GI-LLI Lung 

Gaseous Effluent 
Air {I nhalation and 3H 2.5 .x 10-4 2.5 .x 10-4 2. 5 .x 10-4 
Suomersion) 41Ar 1.1 {l.l){b) {1.1) (1.1) 

60co 3.B x 10-7 3.2 X 10-7 
90Sr-+O 7.8 X 10-3 2.9 .x 10-2 1.3 X 10-l 
99Mo+O 2.5 X 10-5 7 .1 X 1 o-4 
241Am 2.3 X 10-7 2.8 X 10-6 3.5 X 10-5 
239Pu 7.2 X 10-4 1. 7 X 10-2 1. 1 X 10- l 
U-nat 1.4 X 10-4 1. 1 X 10-3 

Radioiodine {Inhalation, 
Milk, Vegetables) {131 I} 1331 
Total Gaseous Pathways 1.1 1.1 1.1 

L iguid Effluent 
Urinking Water {c) 7 .3 X 1 o-3 6.0 X 1 o-3 1.5 X 10-2 

Fish Consumption {c) 2.1 X 10-3 2.3 X 10-3 a.a x 10-3 

Aquatic Recreation {c) 1.3 X 10-2 (1.3 X 10-2) -2 (1.3 X 10 ) 
Irrigated Foodstuffs (c) 4.8 X 10-3 2.5 X lQ-3 7.5 X lQ- 3 

Total Liquid Pathways 2.7 X 10-2 2.4 X 10-2 4.4 X 10-2 

Total 1. l 1. 

(a) Dose received during 1974 from effluent released during 1974. 
{b) Internal dose from external exposure indicated by parenthesis ( ). 
(c) Radionuclides released to the river listed in Table III. 1-15f . 

4.1 X 10-2 

1.4 

1 .4 

Thyroid 

2.5 X 1 o-4 

{ 1.1) 

2.5 
3.6 

0.5 
6.7 X 10-3 

( 1. 3 X 10-2) 
6. J X 10-2 

5 .8 X 10-1 

4.2 

This dose is primarily due to external irradiation from 41Ar. The dose received by the bone, 
GI-LLI, and lung is due primarily to external irradiation. The dose to the thyroid is primarily 
due to isotopes of iodine released to the atmo~phere and Columbia River. The population thyroid 
dose was estimated to be 4.2 man-thyroid-rem during 1974. 

Table III. 1-lSj lists the SO-year dose corrmitment (1974 to 2023, inclusive) potentially received 
by the 250,000 people from effluents released during 1974. The whole-body population dose com
mitment was estimated to be 1.6 man-rem; the 0.5 man-rem received by the population after 1974 
is due primarily to 90sr; 239Pu ·also contributes. The SO-year dose corrmitment to the thyroid is 
all received during 1974 since the iodine nuclides which contribute the majority of the thyroid 
dose have short half-lives and the external exposure sources are no longer present after 1974. 
The SO-year dose conmitment for the G.I. tract is also all received in 1974 since there is no 
·accumulation of material within the tract. The estimated SO-year dose corrmitments to,the bone 
and lung are 4.4 (man-bone-rem) and 2.4 (man-lung-rem), respectively. The doses received by 
these two organs after 1974 are due primarily to 90sr and 239Pu. 

In surrmary, the maximum "fence-post" exposure rate was calculated.to be 2· x 10- 5 mR/hr along the 
northwest boundary of the Hanford Reservation. The whole-body dose received by the maximum indi
vidual during 1974 and the SO-year dose co111nitment from eff1uent released during 1974 are 0.03 
mrem and 0.05 mrem, respectively. The whole-body dose potentially received by the assumed 
250,000 people living within a SO-mile radius of the Hanford Reservation during 1974 and" the 
SO-year dose coll'lllitment from effluents released during 1974 are l. l man-rem and 1.6 man-rem, 
respectively. 
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TABLE III.1-lSj 

ESTIMATED SO-YEAR POPULATION DOSE COMMITMENT FROM EFFLUENTS RELEASED 
FROM HANFORD FACILITIES DURING 1974 

Exeosure Mode 
Dose Co11111itment (man-rem)(a) 

Radionuclide Whole Bodl Bone GI-LL I Lung Thlroid 
Gaseous Effluent 

Air (Inhalation and 3H 2.5 X 10"4 2.5 X 10"4 2.5 X 10"4 
2.5 X 10"4 

Submersion) 41 Ar 1.1 (1. I) (b) (1. 1) (1.1) (1.1) 
60Co 3.8 X 10"7 3.2 X 10"7 
90sr+0 0. 3 1.3 0.6 
99Mo+O 2. 5 X 10"5 7. 1 X 10"4 

241 Aal 2. 0 X 10"5 2. 7 X 10"4 1.6 X 10-4 

239Pu 8. J X 10"2 1.8 0.5 
U-nat 2. 5 X 10"4 4.) X 10"3 J.9 X 10"1 

Radioiodine (Inhalation, 
Milk, Vegetables) {131 I} 133I 2.5 
Total Gaseous Pathways 1.5 4.2 1.1 2.4 3.6 

Liquid Effluent 

Drinking Water (c) 2. 9 X 10"2 7. 9 X 10-2 1.5 X 10•2 0. 5 
Fish ConsUffl!)tion (c) 3. 9 X 10"3 9. 8 X 10"3 a.a x 10·3 6.7 X 10" 3 

Aquatic Recreation (c) 1.3 X 10•2 (1.3 X 10"2) (1.3 X 10"2) (l .J X 10"2) 
Irrigated Foodstuffs 1.5 X 10"2 4. 6 X 10"2 7.5 X 1•- 3 6. 3 X 10"2 (c) 

Total Liquid Pathways 5. 7 ' x 10·2 J. 5 X 10"1 4.3 X 10•2 5. 8 X 10• 1 

Total 1.6 4. 4 1.1 2.4 4.2 

ia) Dose coaaitment for 50 years (1974-2023, inclusive) from effluents released during 1974. 
b) Internal dose frcm external exposure indicated by parenthesis ( ). 

(c) Radionuclides released to the river listed in Table III. l-15f. · 

III.1.2 Radiological Impact on Biota Other than Man 

III.1 . 2.l Terrestrial [X . 10] 

Research and surveillance programs indicate that the release of radioactivity to the terrestria l 
environment from Hanford operations since startup in 1944 has not affected the local biota. No 
change in corrmunity types is recognized except following major perturbation from construction 
activity. No significant amounts (in most cases no detectable amounts) of long-lived radionu
clides have escaped the Hanford site boundary and accumulated in soils or biota . 4 , 2 6 Similarly, 
the effects of routine operation, manufacturing and waste management programs on terrestrial eco
systems are not expected to be significant from a radio logical standpoint. 

Some biological uptake and dispersion of radionuclides from waste management zones can be 
expected at least at a low level. 27 Most uptake of waste radionuclides from current routine 
Hanford operations is from a soil substrate into plants. Burial grounds of one type or another 
represent the largest source of radionuclides accessible to local biota. 

Tumbleweed (Russian thistle), a noxious weed because of its opportunistic growth habit, has an 
affinity for radionuclides such as 90 sr. The first tumbleweeds found growing into soil con
taminated from a waste-pipe leak contained about 3 µCi 90sr-90 v;g. 28 Soil at a depth of 4 feet 
contained about 6.6 µCi 90sr-90Y/g, suggesting a concentration factor (CF) of about 0.5. 
Cytological examination of the growing tips failed to show differences · between plants contain
ing these radionuclides and those without. Tumbleweed populations are now controlled at radio
active as well as nonradioactive sites by several methods . Herbicides (almost exclusively 
"Krovar," 501 Bromacil, SO% Diuron, i.e., substi tuted ureas, or "trysben," 2,3,6-Trichloro
benzoic acid) are applied periodically when necessary to limited waste management areas under 
strict control procedures to eliminate mature tumbleweeds and other growth. 

Over the years, deeper placement of buried materials and containment of transuranics in retriev
able containers has reduced the likelihood of biological uptake problems. Another method used 
to •discourage tumbleweed growth is the layering of a plastic sheet below the soil surface over 
the buried material. This reduces the need for herbicide treatment. Tank farm ground surfaces 
are covered with rock and grave 1 1 ayers; herbicides are used to contra 1- weed growth. 
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Animal interaction with waste storage sites occurs when waterfowl find areas of open water 
(ditches and ponds). Vegetation control reduces the availability of food, cover and nesting 
sites. Potential problem areas, such as the 1301-N trench, are covered with wire mesh to prevent 
access by large manmals or waterfowl. Surveillance data for 1972 for various radionuclides in 
tissues of waterfowl are given in Table III .1-16 . Data for other animals are given in the most 
recent Hanford Environmental Status Report . 29 

TABLE III. l-16 

AVERAGE RADIONUCLIDE CONCENTRATIONS IN MUSCLES OF WATERFOWL (1972) 
Units of 10-6 uCi/g (wet weight) 

Number 
of 

58co 60co 65zn 90Sr 137Cs 141ce Location Species Samples 
Analytical Limit 0. 15 0. 15 0.20 0.002 0. l 0. 16 
U Pond Ducks 2 0. 006 27. 
Redox Pond Ducks 2 0. 054 3. l 
Gable Pond Ducks 4 0. 003 26 . 
B Pond Ducks 4 0. 11 0. 003 3. 3 
300 Pond Ducks 5 

100-F Trench Ducks 3 0. 14 0. 11 0. 14 
T Pond Ducks l 0. 20 0. 40 0. 003 70. 
West Lake Ducks l 4. 2 
Columbia River Ducks 71 0. 096(a ) 0.003 0. 070(a ) 

Columbia River Geese 32 0. 079(a) 0.003 0. 11 

(a) Result smaller than analytical limit due to larger sample size . 

The most significant interaction of terrestrial biota with waste management is related to the 
B/C Controlled Area which lies south of 200-E Area. 6 a The B/C Controlled Area covers an area 0 1 
about 4 square miles and was contaminated with radioactive animal feces and urine in 1960 . A 
process liquid containing 90sr and 137Cs had been disposed of to the 216-B trenches which were 
burrowed into by animals (presumably a badger) exposing a salt layer. Rabbits subsequently use1 

the sites as a "salt lick" and soon spread the radionuclides over a large area. The stability 
of this source of radioactivity under current environmental conditions is being studied. Air 
monitoring studies 30 indicate that concentrations of airborne 13 7Cs (e.g., 0.19 to 3.0 x 10- 14 

uCi/cm 3 air) are roughly one l millionth of guide values for radiation workers and are not far 
different than general onsite environmental surveillance data for 1972. 29 

Changes in animal . populations and vegetation abundance ascribable to the deposition of radionu• 
elides are not evident. Studies of the uptake of radioactive materials by plants and animals 
have evaluated such uptake as a potential pathway of radionuclides to man. Comprehensive stud 
of the effects of the depositions of radionuclides in plants and animals have not been made . 

III. 1.2.2 Aquatic 

III.l.2.2.l Columbia River 

The main sources of radioactivity presently entering the Columbia River are from the spring se 
ages along the banks below N Reactor. The aquatic biota in the Hanford reach of the Columbia 
River are exposed to significantly lower levels of radionuclides in the water now than prior to 
December 1971 when the once-through cooling, plutonium production reactors were operating. Con
centrations of the various radionuclides in the Columbia River are orders of magnitude less than 
during the period when several reactors were in operation. 

Much data have accumulated on the concentrations of various radionuclides in the biota of the 
Columbia River from the start of reactor operation in 1944 until December 1972. Since then, 
studies were made of the declining concentrations of radionuclides in the biota of the Columbia 
River-McNary Reservoir ecosystem. Much of the evaluation presented here relies heavily on the 
results of studies made during periods when greater amounts of radionuclides were present, with 
inferences made to the present lower levels of radioactivity. 
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The most recent ecological study of a variety of Columbia River biota while several reactors were 
operating took place from February 1966 to September 1967 (s i x reactors were opera ti ng at t hi s 
time). 31 A comparison of radionuclide concentrations in biota from this and earl i er studi es is 
given along with information on concentration factors (CF). Table III.l-17 presents a compar i so n 
of ga11111a-emitting radionuclides in several organisms from 1957 to 1967. No consistent changes 
could be attributed to the number of operating reactors ; the same was true for total beta mea
surements (not included in the table) . Evidently hi ghest concentrations of most rad ionucl ides 
are found in the lower trophic levels , such as plankton, algae , and sponges. These organ i sms 
have a large surface to volume ratio and present a relatively large surface for adsorpt i on of 
radionuclides. In general, CFs were highest for the biol og i ca l ly important radi onuc lides 32 P 
and 6 5Zn and were highest in t he net plankton (9,000 to 68 ,000 for 32P and 3, 500 to 40, 000 for 
55Zn) and peri phyton (5 , 000 to 24,000 fo r 65 Zn} and decreased i n higher t roph ic levels . 

TABLE III.1-1 7 

COMPARISON OF CONCENTRATIONS OF 3Zp ANO GAMMA EMITTING RAOIONUCL IOES 
IN COLUMBIA RIVER ORGANISMS 1957-67 31 

54Mn 

95zr-Nb 

1957 
1966 
1967 

1957 (a) 
1967 (b) 

1957 
1964(c) 
1965(c ) 
1967 

1957 
1967 

1957 
1967 

1957 
1967 

1957 
1964 
1965 
1967 

1957 
1967 

1957 
1967 

1957 
1964 
1965 
1967 

1957 
1967 

(a ) Reference 85 
(b) Reference 31 
(c ) Reference 33 

Plankton 

5,690 

59,500 
28,400 
12,600 

791 

1,250 

41 

14, 000 
1, 910 
4,580 

953 

1, 910 

5, 900 
2,010 
4,630 

3,010 

Sess i le 
Green 
Al gae 

66 , 000 

12,800 

1,730 
3, 020 

7,900 
43 , 400 
32, 900 
10, 200 

1, 030 
1 , 080 

1,640 
1,360 

155 
456 

12 ,300 
8,870 
3,250 
2,050 

1,790 
380 

901 
459 

3,270 
1, 610 
1,760 
2,400 

2, 690 
1,750 

pC i /g wet we i ght 
Limpet 

Cadd i sfly Soft Limpe t 
Sponge Larvae Par t s She 11 

4,460 
3, 270 

15,100 

94 . 7 
2,1 30 

4, 580 
10 ,200 
16 , 000 

5, 060 

603 

860 

11. 6 
0 

1,460 
3,070 
2,500 
1,910 

553 

510 

1,230 
950 

1,330 
2 ,400 

401 
1, 080 
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24, 300 
6, 560 

28,200 

70. 6 
968 

6, 000 
3, 590 
4,890 
3,030 

79 . 1 
447 

537 

1.72 
7 

1, 980 
1, 970 
1,770 
1,790 

66 . 3 
156 

42 .2 
367 

347 
223 
322 
656 

311 
384 

3,790 
19,000 

87 

1 ,940 
2,260 

696 

136 

260 

80 

2,820 
1,360 
1,560 

109 

96 

73 
107 
33_3 

79 

988 
2, 310 

475 

1,080 
1,350 
1,060 

359 

274 

31 

658 
346 
435 

13 

117 

113 
107 
379 

173 

~innows 

24,000 
7,110 

0. 702 
O( b ) 

372 

o ( b ) 

o 

762 

o 

- c ( b) 

- (b) 
0 
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Considerable data have been collected on the movement of radionuclides from Columbia River water 
to biota and from one organism to another . 34 An early paper 35 on some of the principles involved 
with the transfer of radionuclides from water to higher organisms in the food web reported CFs 
of 150,000 for 32P i n shiners and 350,000 in caddis fly larvae. The relative concentration of 
beta emitters in Columbia River biota varies for three reasons : l) the several radionuclides 
involved have different relative proportions in the various organisms, 2) variation in moisture 
content exists between organisms, and 3) the relative position in the food pyramid is influen
tial . 32 A study36 in 1957 provided data on CFs in various organisms from the Columbi a River and 
considered the basic concepts governing the uptake and retention of radionuclides by aquatic 
biota. 

The factors governing the amounts and kinds of radionuclides accumulated by Columbia River f i sh 
have been investigated. 37 Radionuclide concentrations in fish are mediated by a host of factors 
including metabolic rates. Relative radionucli~e concentrations in fish do not reflect the rela
tive concentration of that nuclide in the water; this is an example of selective uptake of essen
tial elements. Concentrations of 32P in whitefish varied over two orders of magnitude in one 
year ; 65Zn varied over one order of magnitude . Dilution of radionuclides in the water by runoff 
is a major contributing factor to these seasonal variations. 

The pathways of accumulation of Columbia River radionuclides through food chains and the ultimate 
dose estimates to man have been considered in detail . 38 These pathways may be entirely aqua t ic, 
in which the food chain terminates in fish eaten by fishermen, or partially terrestrial, in which 
Columbia River water is used to irrigate crops. In each case, 32P and 65 Zn were of greatest 
importance. 

Columbia River plankton have been studied since the late 1940s. In 1953 39 plankton averaged 
about 3.7 x 10- 3 ~Ci total beta/g wet wt, and no harmful influence from the Hanford Operations 
could be detected. Seasonal variation in radionuclide burden in the river biota has a wide 
range. In plankton, lowest radionuclide concentrations of 32P and 65Zn were found in the spring
summer runoff period; the increased biomass at this time resulted in a greater transport of 32P 
and 65Zn . 4° Concentration factors for 32P ranged from 5,000 to 118,000 and for 65 Zn from 300 to 
19,000; highest values were in the fall. 

The uptake of 32P and 65 Zn by periphyton in the Columbia River was closely related to dry and 
ash weight of the periphyton and to chlorophyll! content. 41 Net production rate was highly 
related to solar energy and chlorophyll a. The data suggest that adsorption was the dominant 
mode of uptake . -

In laboratory tests, 65Zn uptake by periphyton was proportional to ambient levels of 6Szn in· the 
water and adsorption was the dominant mode of uptake. 42 The 65 Zn uptake could be decreased by 
addition of stable divalent cations, either zirconium or magnesium, demonstrating that uptake 
involves a competition for binding sites. Uptake of 65 Zn in this system was essentially complete 
after about 80 hours. While 65Zn is strongly bound to periphyton in the pH range around 8.0, 
65 Zn is not absorb~ at a pH below about 4.0, which could be significant in transfer of 6 5Zn from 
ingested particles in the intestines of higher animals like the sucker. Studies of the cycling 
of 65 Zn from water to periphyton to juvenile carp in laboratory streams show~ that equilibrium 
concentrations for the periphyton were reached in about 28 days. 43 The effective half-life was 
about 15 days; approximate equilibrium in the _fish was attained after about 43 days. 

l!!. situ radiation dose measurements made in periphyton c011111unities near a reactor effluent out
fal~ 1969 ranged from 350 mR/day near the surface of the river to 230 mR/day near the bottom.44 
Twenty-four km below the reactors, dose rates were 20 mR/day and less. Twenty-two km below a 
reactor outfall, dose in the periphyton ranged from about 30 mR/day in March to September 1969, 
to about 34 mR/day from September to December. 45 Dose rates beneath stones were from 10 to 20: 
less than on the upper side. Doses to adult fish 23 km downstream of rea11or outfalls ranged from 
11 mR/day on the dorsal surface to 17 mR/day near the intestinal tract. P has been shown to oe 
the dominant beta emitting nuclide in crayfish and Cladocera. 46 Approximate retention times 47 for 
various radionuclides in limpet snails, with both a slow and fast component, have been observed. 
The slow component for sszn in the body resulted in an effective half-lif~ of about eight days in 
November to thirty days in March. Data 48 on the accumulation of various radionuclides b{ aquatic 
insects in the Columbia River showed that CFs for caddis fly larvae ranged from 30 for 2 9Np to 
100,000 for 32P. 

Concentrations of Gszn in the tissues of freshwater mussels 49 have been shown to decrease in the 
following order: gills, mantle and palps, body mass (including the digestive gland, digestive 
tract, and gonad), adductor muscles, and foot. The whole body burden was directly related to 
the ambient concentration of 65Zn. 
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Studies of uptake, cycling, etc., of radionuclides by fish far outnumber studies of other orga
nisms in the Columbia River at Hanford. The most recent data on radionuclide concentrations in 
various species were published in 1970. 31 A bibliography 50 with abstracts of all aquatic bio
environmental studies in the Columbia River at Hanford from 1945-1971 provides a guide to the 
extensive data available on fish and other aquatic organisms. 

The above discussion attempted to put the radiological status of Columbia River organisms into 
some perspective as it related to water conditions while several reactors were in operation. 
Three studies provide data related to concentration and cycling of radionuclides by Columbia 
River biota when reactors were shut down. The first 33 presents information from a limited sam
pling program to document the ·effects of the closure of three reactors in 1965. A significant 
decrease of biologically important radionuclides was evident with some indication of a trophic 
level response. Also documented 51 is the response of several organisms to a complete shutdown 
of all reactors for several weeks and subsequent reactions after the reactors were restarted. 

A signifi cant study of the cycling and retention of radionuclides in the Columbia River - McNary 
Reservoir ecosystems presently in progress was initiated the summer of 1971 following closure of 
all reactors except N Reactor. (Data from this study are still being processed, but cursory 
information has been published. 52 ) In general, the biota at White Bluffs and McNary Reservoir 
exhibited concentrations of various radionuclides of at least an order of magnitude lower by the 
winter of 1972. This was especially true of the organisms in the lower trophic levels while con
centrations declined more slowly in fish due to their sl ower biological turnover. By 1974, 
levels of 65Zn and 60cowere just above detection limits in most biota in McNary Reservoir , while 
levels of 46Sc, 54Mn, and 137Cs have essentia lly become unmeasurable. 

The following comparisons may be useful in evaluating the impact of present operation upon por
tions of the food-web. In water, 15 to 35% of the 65 Zn was ionic when the reactors were opera
ting, but less than 2% was present in ionic form in 1971 and 1972. Ratios of 65 Zn can be 
compared i n various organisms and in their principal food for that period. Suckers graze on 
periphyton corrmunities and when the reactors were operati ng, approximately 10 times as much 65 Zn 
was in the periphyton as in the suckers. In 1971 and 1972, only about 2 times as much was in the 
periphyton. The same ratios, essentially, were found for the squawf ish which prey on smaller 
forage f i sh. Manganese-54 was undetectable i n the plankton in McNary Reservoir for several 
imnths, yet it had the highest concentration of any radionuclide in the fle~h of the freshwater 
mussels . Mussels util ize plankton for food and are known concentraters of ~4Mn; the measured 
levels of 54Mn (~10 pCi/g dry weight) are probably related to the long biological half-life of 
54Mn i n Anodonta, about 1300 days. 53 Zinc-65 is also present in higher concentrations in mussels 
than in other organisms. Catfish have similar concentrations of 6Szn as their food items, cray
fish and forage fi sh. 

In summary, extensive studies have investigated the rel ationship between the concentrations of 
radionuclides in water and in a wide range of lower and higher aquatic life forms. The concen
tration factors for various chemical forms of radionuclides and various aquatic life forms have 
been studied also. Studies of the radionuclide concentrations in aquatic organisms between 
times of widely varying radionuc lide concentrations in the Columbia River show how these changes 
affect deposition in aquatic organisms. Comparisons of the quantity and species of aquatic orga
nisms dur ing the periods of substantially different radionuclide concentrations in the river 
indicates no gross effects from these conditions . Comprehensive studies of the effects on i ndi 
vidual organisms are limited. Most studies have investigated the deposition in aquatic organisms 
as a pathway to exposure of man. 

III.1.2.2.2 200 Areas Ponds and Ditches 

Measurement of the radionuclide burden in the biota in the chemical processing areas of Hanford 
Reservation has been mainly concerned with the life forms that are potential vectors for the off
site transfer of radioactive material s to nearby uncontrolled regions. These aquatic life forms 
have not been as thoroughl y studied as some of the other natural systems of the area. 

An intercomparison of the concentrations .of radioactivity in several of the surface waters 
receiving low-level radioactive waste is shown in Table III.1-18. These data indicate that the 
concentration of radionuclides is highly variable with no consistent pattern ev ident in the bur
dens in algae and bottom muds. A more extensive study of aquatic organisms within one of these 
ponds (Gable Mounta in Pond) suggests a number of points concerning the distribution of radio
activity in a waste pond ecosystem (Table III . l -19). The concentration of radionuclides in the 
bottom muds is usually an order of magnitude greater than that of the biota and is nonuniformly 
distributed. Burdens in plants, periphyton and rooted submergents, usually exceed that of the 
animal forms. Goldfish , which are a potential food source for aquatic birds, conta in higher 
levels of radioactivity than some of the invertebrates. The adults of two of the maj or emergent 
insects i n the ponds, damsel flies and dragonflies, have very low radionuclide concentrations 
and appear to be of minor importance in the translocation of radioactivity from the pond . 
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TABLE II I. 1-18 

COMPARATIVE RADIONUCLIDE CONCENTRATIONS - 200 AREAS SURFACE WATERS 
(MARCH .. T970) 

eCi /g wet wt 

13'cs Total A lrha Total Beta 
Location Mud Algae Mud A gae Mud Algae 

Laundry Ditch 10 74 3 6 140 630 
U Pond - N.E. Shore 420 25 6 900 440 130 

- S.E . Shore 500 2 14 2 320 5 
Gable Mtn Pond Inlet 38 360 l 0. 5 810 540 

B Plant Ditch Inlet 44 290 

B Plant Pond Inlet 59 32 0. 7 2 320 320 

Purex Chemical Sewer 58 3 240 2700 430 1900 

TABLE III.1-19 

CONCENTRATION OF RADIONUCLIDESIN GABLE MOUNTAIN POND BIOTA - 1972 

eci /g wet wt 

137cs 95zn 60Co 
Tota 1 

239Pu Alpha 
Samele T;i:ee June Jul;i: 2ill._ June jtlL_ .Jm.. June ~ Sept June June 

Mud-1 ower end 11,300 16,400 6,900 910 382 218 56.0 40 .8 26 . 0 l. 99 

Mud-near inlet so .a 76.8 5. 60 8.56 2.61 1. 76 
Periphyton 74 . 5 7,480 516 8.30 398 37 . 4 1. 10 25.1 4.00 

Rooted Plants 
potamogeton sp . 174.5 1,460 161 9. 36 29.5 16.2 0. 70 4. 55 0.250 

Sna i1 s 91.8 3.72 5. 78 9. 68 0. 472 

Waterboatmen 13 . 2 3. 36 12 . 0 2.30 0.330 1. 69 0.400 
Dragonfly-adults 10 .3 9.34 1. 95 1.65 

Damselfly-adults 7.84 14.3 0.942 1.38 0.525 

Goldfish 130 75 . 7 67 .s 7.28 3. 20 3. 11 l. 79 0.42 1.06 

Several studies involving the cycling of specific radionuclides by biota have been published. 5 ~ 
When 137Cs, at a concentration of 6 x 10- 3 uCi/ml was added to a pond, the rapid uptake of 137Cs 
by algae occurred (100 times the water concentration in 2 hours). Concentration factors for 
137Cs by various aquatic biota ranged from 50 for bullrush culms to over 10,000 in scuds. 

Studies are currently in progress in Gable Mountain Pond (an effluent discharge pond} to explore 
the relationship between the rate of radionuclide accumulation in goldfish and sediment radioac
~ivity. Uncontaminatep goldfish confined in a pen over sediments of relatively low radioactivity 
and permitted to feed naturally, approached equilibrium concentrations of about 300 pCi 137Cs/g 
net weight in approximately 15 weeks. A similar group of fish penned over higher level sediments 
attained body burdens nearly twice this high over a period of about 19 weeks. Levels of 137Cs in 
the free-ranging native goldfish population were similar to- those in experimental fish over the 
low-level sediments. The food base of the goldfish appears to be largely organic plant debris, 
presumably obtained from the pond bottom. Goldfish in U Pond have a similar food base. 
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Radiation doses at the sediment-water interface of Gable Mountain Pond, as measured with thermo
luminescent dosimeters, ranged up to 230 mR/day during the first quarter of 1973. Large 
location-dependent differences were in the measured dose, again indicating t he heterogeneous 
distribution of radionuclides in the pond bottom. 

III . 1. 2.2.3 Radiation Doses to Aguatic Organisms 

Radiation doses to waterfowl and aquatic organisms were estimated from the radionuclide ana lyses 
previously listed in Tables I II. 1-16 through III . 1-19. In addition, external rad iati on doses for 
Columbia River organisms were also estimated from the release rates of radionuc li des to the 
Columbia River i n 1972. In the latter instance. external doses from both water immersion and 
shoreline exposure were included. The results of these calculations are summarized in Table 
III . 1-20. All of the doses listed in this table are well below the levels where any observable 
radiological effects should occur. Indeed, no such effects have ever been seen in the Hanford 
environment. 

TABLE I I I. 1-20 

ESTIMATED RADIATION DOSES TO AQUATIC ORGAN ISMS AND WATERFOWL FROM LIQUID 
RELEASES AT THE HANFORD RESERVATION - 1972 (rad/yr) 

Organism 

Waterfowl 

Duck 
Duck 
Duck 
Duck 
Duck 
Duck 
Duck 
Duck 
Goose 
Heron 

Fish 

Goldfish 
Salmon 

Plants 

Rooted Plants 

Miscellaneous 
Biota 

Muskrat 
Invertebrates 

Location 

T Pond 
U Pond 
Redox Pond 
Gable Mtn Pond 
8 Pond 
West Lake 
100-F Trench 
Columbia River 
Columbia River 
Columbia River 

Gable Mtn Pond 
Columbia River 

Gabl e Mtn Pond 

Columb ia River 
Columb ia River 

Internal 
Dose(a) 

0.41 
0.16 
0. 02 
0 . l 5 
0 .20 
0.025 
0.003 -4 
6 X 10_4 8 X lQ 

o:55 

2.9 

External 
Dose(b) 

(a) From rad i onuclide concentrations listed in Tables III.l-16 through fII. 1-19 . 
(b) Calculated frcm liquid effluent releases to the Columbia River . 

III. 1.3 Nonradiological Effects on Ecological Systems 

III . 1. 3. l Effects on Terrestrial Ecolog ica l Systems 

Other t han loss of habitat , the signi ficant nonradi ological impacts on terrestri a l ecosystems 
tha t mi ght resu l t from rout i ne waste management opera t i ons programs would be assoc iated with 
1) t he use of herbici des for weed control, 2) waste oil s used on unpaved roads for dust control , 
3) fires arising fran plant activity, and 4) vehicu lar traffic. In genera l , no seri ous t hreat 
is posed to higher biota and only localized interference occurs with lower life fonns . In f act , 
observati ons of a variety of wildlife, even within the confines of exclus i on area fences, sug 
gest that several species are maki ng use of the works of man to their advantage. 

The total comnitment of land to Hanford operations (as described in Section II .1) has al ways been 
a small fraction of t he 570 square miles of the Hanford Reservati on and i n recent years has 
actually decreased wi th the retirement of ol der facil i ties. Positive actions taken by the AEC to 
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preserve existing ecosystems for the future include the dedication of the Arid Lands Ecology 
Reserve and the release of much of the Reservation north of the Columbia River for wildlife man
agement. Although construction activities at Hanford have been locally disruptive to vegetation, 
much of the affected land not in actual use has shown a succession of other local flora which 
may be more productive than the original. 

Herbicides are selected from a list approved for use by federal agencies and are used under pre
scribed conditions . Such usage is necessary for weed control along roadsides and railroad 
rights-of-way, and especially around both liquid and solid waste disposal sites to prevent the 
uptake of radioactive materials in the soil by vegetation. About 17,000 pounds of a soil steri 
lant (Krovar) and 104 gallons of oil-basic herbicides were used duri ng CY-1972. 

About 23,000 gallons of nonradiological waste oil are generated annually at Hanford and used to 
stabilize roads, parking lots and "blow" areas throughout the Reservation. This materia l also 
acts as a temporary soil sterilant in the immediate area of application, but has the compensa
ting benefit of limiting the smothering of nearby vegetation by excessive dust. 

Only minor amounts of insecticides are used on the Hanford site and then directly around and 
inside of buildings, especially for black widow spider control. 

III . 1.3.2 Effects on Aquatic Ecological Systems 

The principal potential effects of the routine operation of Hanford Waste Management Operations 
Program on the aquatic environment include the following: 

• the impingement of some fish on the traveling screens of water intake structures in the 
Columbia River 

• the entrapment or entrainment of some fish in such intake structures 

• destruction of drift organisms passing into the water withdrawal systems 

• thennal and chemical stress on organisms residing in or passing through zones of elevated 
thennal or chemical concentrations, either at points of direct discharge in the Columbia 
River or as a result of waste streams reaching the Columbia River via groundwater movement 
and riverbank seepage 

• thennal and chemical stress on organisms residing in or using other surface waters affected 
by plant discharges of cooling water 

• effects on Columbia River water quality for other uses, including public water supply . 

III.1.3.2.1 Effects of Intake Structures on Aquatic Ecological Systems 

At present, intake structures are operating and withdrawing water from the Columbia River at 
100-8, 100-K, 100-N and 300 Areas (listed in Table III . 1-21). Only at 100-N Area is there a 
major withdrawal of water amounting to as much as 490 cubic feet per second (cfs) for the ERDA 
N Reactor facility and up to 1260 cfs for the WPPSS power generation facility~ The maximum with
drawal rate at the other structures is 30 cfs or less . 

TABLE III.1-21 

HANFORD INTAKE STRUCTURES DRAWING FROM THE COLUMBIA RIVER 
Maximum Type of 
Rate of Maximum Velocity Protection 

Location Withdrawal at Intake Screen for Biota 

100-8 Area 29 cfs 1.0 fps Traveling Screens 

100-K Area 22 cfs 0.5 fps l 100-N Area 490 cfs 1.0 fps 
WPPSS* 1260 cfs 0.89 fps 
300 Area 5 cfs 1.0 fps No Screens 

* Although the WPPSS electrical generating station and associated water intake and dis
charge facilities are not part of ERDA's Hanford operations, they are included here and in 
Table III.1-22 to provide full coverage. 
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With the exception of the 300 Area, all intakes were designed in accordance with U.S. Fish and 
Wild Life rec0111!1endations and include traveling screens with continuous backwash capability and 
appropriate piping to return the dislodged biota back to the river. These screens are of 
approximately 1/4-in. mesh, typical for such facflities. The pump wells and traveling screens 
are protected by steel bars to prevent entry of any large river debris, but at such a spacing as 

. to be no hindrance to the free passage of fish in either direction. Although velocities at the 
intakes and at the screens (the potential point of impingement) vary somewhat with facility and 
with river elevation, the range of screen velocities is generally 0.1 to l .0 feet per second. 
Although no studies have been completed which would quantify impingement of biota upon the 
traveling screens protecting each of these intakes, most juvenile fish should be able to escape 
impingement at average river fl-0w rates. A study evaluating impingement and screen passage is 
in progress at the WPPSS intake structure.* 

The small fraction of the total Columbia River flow being withdrawn for plant use (less than 2%) 
implies a negligible effect on available food supplies to higher trophic levels from drift orga
nisms entrained at the water intakes. 

III. 1.3.2.2 Effects on Aquatic Ecosystems of Dredging or Shoreline Disturbance 

No dredging or other r1ver bottom or shoreline disturbances are in progress or are planned by the 
ERDA . 

• III. 1.3.2.3 Thermal and Chemical Effects on Aquatic Ecosystems[X.15, X.17, X.18, X.24, X.25] 

III.1.3. 2.3 .1 Effects of Direct Thennal and Chemical Discharges to the Columbia River [X.15,XJS] 

Fourteen liquid effluent lines from Hanford facilities discharge their contents directly to the 
Columbia River. An EPA permit application made in 1970 is pending for these discharges. Perti
nent data for these streams are summarized in Tables III.l-22 and III.1-23; a descripti on of the 
discharges is given in Appendix II.1-D . 

The lack of significant impact due to nonradiological contami nation or ·heating of the Hanford 
stretch of the Columbia River i s probably best illustrated by the various eco log i cal studies dis 
cussed in Section I!.l. In general, the heated effluents from up to nine plutonium-production 
reactors have had no detectable harmful influence on the number of salmon spawning in the Hanford 
reach of the river nor caused demonstrable biotic downgrading of the aquatic ecosystem in the 
almost 30 years of operation and concurrent scientific observa ti on. The annual aerial survey of 
ch inook salmon nesting in the free flowing Hanford reach of the river shows a fairly constant 
increase in the number of chinook salmon redds from the late 1940 's up through the fal l of 
1973 . 55 

Salmonids are singled out for mention f requently in evaluations not because. they are more impor 
tant ecologically than the other species not because they are popular and economically important , 
but rather because: l) scientific literature concerning them is extensive, 2) they are genera lly 
consi dered t o be among the most sensitive of fishes to temperature alterations and chemical toxi 
cants, and 3) they are seasonally abundant i n the Hanford reach of the Columbia River. 

When the chemical and thermal tolerance of fish are cons idered, a reasonable assumption is that 
if there is not a significant impact on salmonids, a significant impact on other species is not 
occurring. Salmonids, especially in the early life stages, are quite susceptible to morta lity 
from various causes . However, to conclude that if salmonids are not adverse ly affected, other 
components of the trophic food web are also not affected, is not enti rely correct. An organism(s) 
in the food web could be adversely affected or eliminated by a perturbation but be replaced by 
another organism to fill this niche without disrupting other components, i.e . , sa lmonids . 

Synergistic effects can occur when two or more potentially hannful perturbations occur together. 
A large literature exists on both the effects of singl e and mul ti ple parameters on vari ous 
aquatic organisms. An active research program on combined effects on aquatic organi sms is 
ongoing at Batte11e-Northwest . Parameters being studied include temperature (col d and hot), 
nitrogen supersaturation, chlorine , and degree of parasitism. These and many such studies 
reported in the lfterature have been perfonned in the laboratory but caution must be used when 
extrapolating to field conditions . Relatively smal l areas of the Columbia River are subject t o 
potential detrimental effects from Hanford operations effluents . Even in the irrmediate vicinity 
of effluent discharges concentrations or levels of potentia lly hannful parameters are rapidly 
diluted by the large flow of the river . Mobile organisms encountering deleterious conditions are 

* Although the WPPSS electrical generating station and associated water intake and dis
charge facilities are not part of ERDA'S Hanford operations, they are included here and in 
Table III.1-22 to provide full coverage. 
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C 

100- 8/C 

100- 8/C 

I 00-KE and KW 

100-KE and KW 

100- N 

100-N 

100- N 

I ~0-N 

100- ,1 

WPPSS ( a) 

100-0/0R 

100-0/0R 

300 

300 

300 

Oi s cnarge 
Li nes 

12- i n. stee l pipe 

42 - i n. steel Plpt! 

12-i n. stee l pi pe 

two 84-i n. steel 
pi pes 

16 i n. steel pipe 

3 by 4-ft 
concrete cnute 

42- i n . stee I pi pe 

TABLE I I I. 1-22 

DISCHARGE LINES TO COLUMBIA RIVER 

Discharge 
Rates , 

cfs or Quan ti ties use 

6000 ga l lons Backflush pump inlet screens 
twice a ~k 

2. 2 Dra i ns and 
f ilter backwash 

5000 ga l lons Backflush p- inlet screens 
3 ti ,,.s a year 

1. 1 Drains , overflow and cool i ng 
water for COfflPressors ar.d 
pumps 

75, 000 gallons Backflush PUfflP inlet 
3 ti ,,.s a day screens 

1, I Overflow from fi 1 tered water 
and raw -.ter storage tanks, 
c0ncs.nsat1 f rom ffll!'di um 
pressur-e steui syst•, 

0 . 01 

f1 l ter twick,..sh 

Filtt!~ "'ater overfl ow , 
and waste from floor 
drains 

66- i n . pipe to 140 Turbine condenser cooling 
water and graphite neat 
excnanger cool fog water 

12-ft concrete flume 
on ri verbank 

1J2- i n . steel pi pe 

132- i n steel pipe 

12- i n. steel pi pe 

two 42-in . 
stee l pipes 

24 .. i n. concrete 
pi pe tenninating 
as a 30-in . na 1 f • 
round corregated 
.. u1 pipe 

36- i n s teel pipe 

12-i n. steel pipe 

300 
(extremes 140 
and 410 cfs ) 

940 wnen river 
<2s·c 
1260 wnen river 
,25•c 

4 . 4 
(2. 2 to 22) 

0. 01 

l. l 
(0.0-4 to 2. 3) 

6000-gallons 
once a mntn 

6 to 12 
batches/ day 
of 12, 000 gal 

Steam conaenser 
cooling w1ter 

Stea• condenser 
coo 1 i ng water 

Back flush PIIOO 
inlet screens 
Fi 1 ter back,..sh and 
process ( coo hnt and ... sh ) 
,..ter. hydraul i c test loop 
water 

Filter back.was rt 
( from "&ter treat• 
ment plant) 

Air conditioner cooling 
"" ter and fl oar drains 

Ora i nage frOOI roof and 
parking lot, tlnks for 
aQU41tic organis•s 

(a ) Not an ERDA facility. Heated discharge occurs only when N Reactor 
is supplying stHOI to the WPPSS generating plant. 
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Tempera tur~ 

Ambient 

z.a·c . 
Above amb ient 

Amb i ent 

2. S'C 
Above a..,ient 

Ambient 

11 to zo•c 
Abowe allf)ient 

6 to a•c 
Above • ..,tent 

16'C 
Abowe alllbi ent 

5. 5' C 
Above ambient 

15 to zo•c 
Above allll>ien t 

Ambient 

z. a•c 
Above a..,ient 

2s•c 
Abo•• a1111>ient 

2 to J"C 
Above alllbient 

Other Paten th I 
Water 

Qua 1 i ty Effects 

None - untreated 
raw river w• ter 

Tota l Solids 
Turb i dity 
Aluminum 
Su 1 fate 
Chloride 

None • untre1ted 
ri ver w•ter 

Taul Solids 
Turbidity 
Aluminum 
Sulfate 
Chloride 
Chlorine (0. 25 mg/ t) 

None - untreated 
rher w•ter 

Tota l Solids 
.\Mnonia 
(as wel 1 as radioactive 
waste ) 
Chlorine (0.05 mg/t) 
Turbidity 

Sulfate 
Chloride 
Chlori ne (0 . 05 mg/ t) 

Alumin,.. 
Turbidity 

Turb i dity 
Aolrcnia 
Sul fate, I ron 
Sodi ,_ 
(occasionally 
O. 3 mg/ 1 ortno
phosphate ) 
Chlorine -
2 to 40 ppb 

( s• as above) 

None • untreated 
ri ver w1ter 

Taul Solids 
Turbidity 
Alumin,.. 
Sul fate 
Chlor i de 
chlorine (0. 74 mg/1) 
(mu . 2.2 mg/1) 

Total Solids 
Turbidity 
Al~ini.a 
Sul fate 
"Seoaron" (a 
prop~; eUry PO 1 y
acrv 1 ... i ~ filter 
aid) chlorine 
(0.5 mg/l) 

Al.,.in,_ 
Sulfate 
chlorine ("-0.5 rng/1) 

Total Sol ids 
Turbidity 
Organ1c nitrogen 



TABLE III.1-23 

TOTAL DIRECT CHEMICAL DISCHARGE TO COLUMBIA RIVER PER YEAR 

Materials 
Aluminum sulfate 
Chlorine 
Polyacrylamide 
Salt (rock) 
Sodium Dichromate 
Sulfuric Acid 
Ammonium Hydroxide 
Hydrazine 
Morpholine 
Sodium Hydroxide 

Quantity from 
All Facilities 

(tons) 
260 

20 
0.8 

22 
2 

650 
60 
8 

1.5 
230 

capable of moving to favorable locations. If adverse conditions existed over si gnificant areas 
of the Columbia River, population or community changes would be apparent ; none have been no t ed in 
these studies. The only organisms l i kely to experience potentially harmful conditions wou ld be 
sessile (fixed) organisms li ving in the immediate vicinity of a discharge. Changes have been 
noticed in the community structure of sessile algae populati ons growing in heated water; blue
green algae dominate these communities , whereas diatoms and green algae are the norma l consti t u
ents. Areas of such changes comprise a negligible portion of the Columbia River ecosystem 
within the Hanford reach. 

Major effluent discharges, including river water warmed from use as a coolant, . to the Columb i a 
River are limited to those from the 100-N Reactor and associ ated electrical steam generati ng 
plant. Water containing low levels of radioactivity also reach the river via seepage springs 
from a disposal trench . The heated water discharged into the r i ver results in a plume of water 
extending from the midstream outfall downstream until it is completely mixed and diluted to 
ambient temperatures by the river water. The feasibility of adult salmonids being adversely 
af fected by these heated waters is remote because of their capability to avoid uns ui t ab le areas . 
The downstream migration of j uvenile salmonids could resu lt i n smal l fis h being carri ed by t he 
currents into this t hennal plume . If t his were poss i ble, the amount of ti me t he f ish were 
exposed to lethal t emperatures would be smal l because of 1) the rap id reducti on i n t empera t ure 
by dilution and mix i ng , and 2) the location of the outfal l away from the reg i on where most of t he 
migrants move . 

Studies to determine rrortality such as t hi s were performed in 1969 by al l owing caged juveni l e 
salrronids to drift through therma l plumes and through areas away from discharges. Delayed 
mortality due to nitrogen supersat uration prevented analysis of some experiments i n spring, but 
those done in su111T1er showed that the fish passing through midriver plumes did not rema i n in 
thermally hot waters long enough to cause mortalities. Even if those fish which cou ld possibl y 
enter the area of the plume with lethal water temperatures stayed there long enough to suffer 
mortal i ty, the numbers involved would be quite sma l l compared to the total migrating popu lat ion. 
The studies further showed that significant mortality could occur to the juvenil es if t hey 
migrated through shoreline thermal discharge areas where insufficient mixing results in larger 
areas of lethal water temperatures. No such discharges exist at Hanford now. 

Thermal Effects on the Columbia River Ecosystems 

At present , the only thermal di scharges of suffici ent magni tude to affect Columbia Ri ver temper a
tures occur ei ther from 100-N Area or from the associa t ed WPPSS power generating stations when 
the N Reactor is operating. Other discharges entering the ri ver have suffi ci ently sma ll . fl ow 
rates and temperature i ncrements as to affect at roost a few square feet of river bottom or to 
impi nge on drifti ng organisms for a few seconds. 

The l argest .heated stream arising from N Reactor operation is the cooling water from the WPPSS 
Station (Table III.l-22) whi ch has a flow-rate of 940 to 1260 cfs depending on incoming r i ver 
temperature. Surveys56 of the thermal plume created by th i s discharge showed a maximum measured 
temperature increment in the plume of 4.5°C wi th a river f1ow rate of 44,000 cfs and a maximum 
increment of 2.5°C at 100 yards downstream at which point the width of the plume was less than 
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300 feet, 20% of the river width. Directly below an island some 4000 yards downstream, turbulent 
mixing occurs and the plume becomes well mixed across the river width. The calculated tempera
ture increment for complete mixing at the minimum river flow rate of 36,000 cfs would be 0.6°C . 

Outside a limited mixing zone, river temperatures would be in compliance with the Washington 
State Water Quality criteria 57 (excerpted in Appendix II . 1-G) for incoming river water tempera
tures up to about 19°C . The temperature criteria were aimed especially at preservation of cold 
water fish such as salmonids. 

During N Reactor operation, a cooling water stream of about 140 cfs, with a temperature up to 
16°C above ambient river temperature, discharges at the river shoreline via a concrete f l ume . 
The construction of this flume is such that the lower the river level, the more gradual the slope 
of the flume where the effluent enters the river . 58 This tends to spread the discharge across 
the river surface where the heat will dissipate to the atmosphere more rapidly and will not be as 
likely to interact with the benthic biota . Although partial mixing with surface river water 
begins immediately, a potential exists for interaction between certain fishes and this heated 
water. 

The principal migration routes of juvenile salmonids in the Columbia River are nearshore . 59 In a 
study, about 30% of the total migrating population was found near each shore, with the remaining 
40% distributed across the expanse of the river. Therefore, a significant number of these 
salmonids could encounter this heated water while st i ll only partially diluted . A recent review 
of laboratory studies conducted at Hanford on juvenile salmonids suggests that these fish would 
have to remain in the undiluted effluent of this line for 1/2 minute or longer before noticeable 
sublethal effects would occur. As long as no entrapping structures or circumstances are present, 
most fish are able to detect and avoid heated areas which are uncomfortable for them. Because of 
the turbulent flow, the consequent rapid decrease in the temperature increment, and the river 
velocity, juvenile fish will be carried rapidly through the elevated temperature zone, if they 
encounter it. Exposure to the elevated temperatures is limited, and the thermal impact would be 
of minimal significance to the survival of downstream migrants. 

In a limited area illl!IE!diately downstream from the point of entrance of the heated water benthic 
aquatic life may be affected. The extent of this area will depend on the flow rate of the river 
but does not appear to represent a significant effect when compared to the entire free-flowing 
stretch of the Colurli>ia River within the Hanford Reservation. 

Effects of Other Water Quality Parameters on Columbia River Ecosystems 

Other than direct thennal effects, potential effects of effluent releases on the river ecosystem 
would be associated with toxic chemicals in effluent mixing zones and solids deposits on the 
river bed from water plant filter backwash streams. Routine river monitoring data 29 have shown 
the lack of effect of Hanford operations on river water quality after mixing . 

Several of the smaller effluent streams, consisting largely of treated water, may contain free 
chlorine at concentrations up to a maximum of l mg/1. In limited mixing zones for these dis
charges, concentrations in the river may exceed at times the 0.002 mg/1 guideline61 suggested 
for salmonids in water receiving a continuous discharge. The rapid disappearance of free 
chlorine from natural waters, coupled with the rapid mixing of the effluents in the river and 
natural avoidance mechanisms of most species, indicate any effects would be limited in extent 
and negligible in the overall impact on the river ecosystem. 

Other chemical concentrations in treated water are mostly the result of the use of alum (aluminum 
sulfate) and small quantities of proprietary materials in the water filtration plant. None of 
these are present in the treated water in toxic concentrations, and the usual small change in pH 
leaves the treated water well within the State water quality standards for aquatic life. 

Filter backwash contains suspended solids, principally an alumin1111 hydroxide floe plus an accu
mulation of suspended solids removed from the raw river water during the filtration process. 
Although the effluent may be visibly of higher turbidity during the intermittent backwash opera
tion, the daily fluctuation of several feet in river elevation along with the high river velocity 
and rapid mixing prevent any appreciable buildup of these solids at the discharge points. 

III.1.3.2.3.2 Effects of Columbia River Bank Seepage 

The degree of environmentai in,;,act caused by waste discharged to the groundwater is detennined by 
the flow rates and concentrations of the various contam1nants entering the Columbia River as well 
as by the effects of the contamination on groundwater quality under the Hanford Reservation. 
100-N Area and the 300 Area are the two principal locations along the Hanford reach of the 
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Columbia River where liquid effluents discharged to the ground form groundwater mounds which 
cause seepage "springs" to form at °the riverbank. Nitrate ion is present in the groundwater 
along much of the shoreline, particularly at the 300 Area. 

Much of the available information on the spri ngs in the 100-N Area pertain to radionucl ides . 
However, the concentraton of chemtcals found in the seepage springs were measured in August of 
1972 and compared to the ambient rtver concentrations. That comparison revealed that sulfate , 
calc1um, chromium, nitrate and total solids were higher in the seepage water than in the r iver 
(Table II I.1-24). 

Chromiwn appears to be the only nonradiological component of the SQring water which, due to 
higher levels than the ambient river water, had any potential toxicity for aquatic l i fe. Chro
mium discharge at N Reactor has now been eliminated. Nitrate, which is relatively low in 
toxicity, 62 is an important plant nutrient and would be expected to support a fairly luxurian t 
growth of attached algae at the point of emergence of the springs. Other than an increase in 
algae biomass supplying more food for shoreline benthic fauna, no impact to the ecosystem is 
predicted from the nitrate . Since the flow from these springs is relatively low (estimated 
observable flow at less than 0.1 cfs), the more than 300,000 :1 dilution by the passing river 
water keeps the 1mpacted area very locali~ed. 

The riverbank seepage springs in the 300 Area were sampled routinely from May 1971 through March 
1972. The components of the principal spring (which is about 100 yards upstream from the 300 
Area water intake) were identified and their range of values over this samp li ng period is given 
in Table III.1-25 . 

TABLE III.1-24 

CHEMICAL CONCENTRATIONS AT 100-N AREA, AUGUST 1972 

Riverbank Ambient Ri ver 
Spri ngs Concentration 
{mg{t l {mgO.) 

Sul fate 5.5 4.5 
Calcium 24 . 5 17 . 
Chromium 20 . 0.1 
Nitrate 2.7 0. 1 
Total Sol ids 123 . 81. 
Aluminum 0. 050 0. 080 
Iron 0.025 0.075 
Magnesium 3. 3. 
Arrmon i a <0.1 <0.1 
Ni trate <0.002 <0.002 
Strontium 0.080 0.120 

TABLE III.1-25 
300 AREA SPRING DISCHARGE 

Concentrations 
Material mg/1 
Iron 0. 002 to O • 1 50 
Copper 0.006 t o 0.080 
Sul fa t e 13 to 40 
Chloride 1. 1 to 16.0 
Fluoride 0.8 to 1.8 
Nitrate 1.2 to 212.0 
Chromium 0. 001 to 0. 023 
Uranium 0.016 to 0.20 
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The pH of this spring d1scharge ranged from 7.4 to 8.2. When the data given in the table above 
were collected, 300 Area process waste was being routed to the South Pond of the 300 Area waste 
treatment complex. The South Pond is not now used for waste disposal and is presently dry (it 
will be used in the future only on a temporary basis). The North Pond, which is now receiving 
the waste, has a much slower pond-to-river flow time. The waste ponds are now kept at neutral or 
basic pH which keeps the copper fairly well retained as copper hydroxide. The waste component 
which contains rost of the metals (copper, chromium+6, and uranium) will be disposed .of in 
evaporation basins in 100-H Area. A new pond location, rore rerote from the river, also has 
been selected and will be brought into use in the future. These actions should greatly reduce 
the metal input to the ponds and to the river. 

Copper analyses made on the riverbank springs effluent since use of the South Pond was discon
tinued have contained 1 ug/t or less of copper. Chromium concentrations can be toxic (reduced 
growth in chronic exposures) to juvenile salmonids at levels as low as 0.013 mg/t. The few 
studies on the nonradiological toxicity of uranium compounds to aquatic life have observed 
effects on bacteria, algae, zooplankton and fathead minnows only at concentrations greater than 
1.0 mg/ t . 64 With metals, the accu111Jlation in lower trophic levels and the biomagnification as 
nutrients pass through food chains are always potential problems. Copper, chromium and uranium 
concentrate in these lower trophic levels . 6) Numerous studies have reported toxic effects due 
to fluoride; however, the lowest value found to produce toxic effects was 1.5 mg/ t . 54 Fluoride 
also accumulates in fish tissues, especially bone. 65 

Nitrate generally does not pose a toxicity problem for aquatic life, but is a plant nutrient and 
may be used as a tracer. River samples taken upstream from Hanford in early 1972 showed nitrate 
concentrations up to 0. 96 mg/t, while during the same period, the 300 Area spring sample con
tained up to 195 .0 mg/t, and the 300 Area water intake, about 100 yards downstream from this 
seepage spring, contained a maximum of 6.0 mg/ z nitrate. A comparison with river concentrations 
indicates a 90% reduction may reasonably be used to predict dilution effects for the other spring 
effluent comoonents for a 100 yard travel path. Thus, the metals and fluoride from the 300 Area 
springs will be restricted to a very localized area which should not have significant effects on 
the aquatic ecosystem of the Hanford reach of the Columbia River or the area ilTIT1ediately down
stream, even after considering the potential for food chain interactions . 

III.1.3.2 .3.3 Effects on Aquatic Ecosystems of Discharges to Other Surface Waters 

Numerous surface .water ponds, trenches and ditches at the 100, 200 and 300 Areas on the Hanford 
Reservation are used primarily for the disposal of cooling waters; several also receive nonradio
logical waste, as discussed in Section II.1. 

The 100-N Area contains the only active reactor and has a 1600-ft long dispersal trench which 
receives sane overflow from the waste crib. However, this trench has been screened to exclude 
game birds and the larger ma1T111als. 

The 200 Areas have by far the majority of the onsite surface ponding, including about 30 pre
viously or presently used sites covering 360 acres of land. Data on the chemical composition of 
these ponds are not taken regularly, although ecological studies have been made on Gable Mountain 
Pond and U Pond. Some potential may exist for mammals and migratory waterfowl to accumulate non
radiological pollutants, such as heavy metals, although there is no evidence of any effects. 

In the 300 Area, about 17 acres of pond surface serve as lagoons for waste generated in the 
various research and industrial locations. Since only one of the two ponds is used at a time, 
there are generally only 7 acres (North Pond) or 10 acres (South Pond) of standing water. The 
inlet to the North Pond was analyzed routinely in early 1972 and found to contain potential 
pollutants in the ranges of concentrations as shown in Table III.l-26. 

Material 
Chloride 
Copper 
Iron 
Fluoride 

TABLE II I. 1 -26 

NORTH POND - INPUT CHEMICAL CONCENTRATION 
Concentration Range 

mg/R. 
8.1-17.9 

0.55 - 5.85 
0.02 - 0.64 
0.3 - 6.6 
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Material 
Nitrate 
Sul fate 
Chromium (+6) 

- Uran i tJ11 

Concentration Range 
mg/t 

43 - 93 
14 - 37 

0.001 - 0.008 
0.029 - 0.130 
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The pH ranged generally fran 6.1 to 9.4. 29 In addition to these, the North Pond was found to 
contain an average of 0.58 ~g/t mercury (detection limit 0.5 ~g/i) during the last quarter of 
1972. Although the ponds are not suitable for most aquatic life and have not been studied 
ecologically, they are visited frequently by waterfowl. The close proximity of this area to the 
Columbia River suggests that the potential for transfer of certain chemicals, in particular the 
metals and fluoride, through algal or detrital food chains into the filter feeding waterfowl (and 
perhaps on to local hunters) exists to a degree. The planned actions described in the preceding 
section to reduce the metallic waste input to the 300 Area waste ponds wil l largely eliminate 
this potenti a 1. 

III.1.4 Effects on Land Use 

The Hanford Reservation is now, as it was in the early 1940's, a reasonable choice for the loca
tion of facilities both for experimental and industrial application of nuclear processes . This 
land corrmitment does not substantially interfere with other offsite pursuits. Further nuclear 
industry development on the Hanford Reservation is viewed as increasing the importance of this 
corrmitment, rather than resulting in any conflict. 

One potential constraint on future land usage onsite exists as a result of the nitrate and radio
activity in the groundwater beneath part of the Reservation. Major withdrawal of water from or 
discharge to the aquifer could affect existing local groundwater elevations and travel times . 
Such a constraint does not prevent further land use, although it may cause an economic penalty . 

I II . 1.5 Effects on the Atmosphere 

Although chemicals released to the atmosphere from Hanford power houses and other facilities were 
detailed in Section II, the more significant releases, S02 and N02 , are presented in Table 
III.1-27 . . 

TABLE I I I. 1-27 

POLLUTANT RELEASES TO THE A1'1'10SPHERE FROM 
POWER HOUSE STACKS 

(tons/yr - 1972) 

100 Areas 
1000 

170 

200 Areas 300 Areas Total 
1050 380 2430 
690 210 1070 

Four atmospheric monitori ng stations are located at fanns east of the river in the vicinity of the 
300 Area where the power house and other faci l iti es nearest the Hanford site boun9ary are loca ted. 
The nearest monitoring station i s about 1 mile east of the 300 Area where measurements made 
during 1972 indicated levels of N02 <0.006 ppm (Table III .1 -28). The standard for N02 concen 
t rations at such sites is 0.05 ppm. 66 Similarly, the concentrations of S0 2 were measured as 
<0 . 01 ppm during the first quarter of 1972 and <0 . 005 during the remainder of the year . The 
accepted standard for S0 2 concentrations at such sites i s 0 . 02 ppm66 on an annual basis. Si nce 
emissions from the 300 Area stacks are occasionally noticeable for some distance, these stack 
releases may be a visual nuisance. 

TABLE III.1-28 

AIR QUALITY MEASUREMENTS ANNUAL AVERAGES - 1972 
N02 

(ppm) 
No. of 

Location Sainples Max. Min . ~ 
Opposite Richland 

(Hobkirk Ranch) 109 0.034 <0 .0008. 0.006 
Opposite N. Richland 

(Gillum Ranch) 109 0.014 <0 .0008 0.004 

Opposite 300 Area 
(Sullivan Ranch) 109 0.019 <0 .0008 0.004 

Ringold 
(Keys Ranch) 

103 0. 010 <0.0008 9.004 
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III. 1.6 Effects on Water Use 

III.1.6.1 Effects of Surface Water and Groundwater Withdrawals 

The withdrawal rate of Columbia River water needed for conduct of the manufacturing and waste 
management program is expected to average approximately 11 cfs to 45 cfs through FY-1985. This 
does not include the cooling water used and returned to the river at 100-N Area. Based on 
historical flow data presented in Section II, these withdrawals would range from about 0.03 to 
0. 13% of the expected minimum river flow (on the order of 36,000 cfs). Since upstream dams 
extensively control the Columbia River flow, record low flows are not expected to be repeated i n 
the future. Thus, these withdrawals would only range from about 0. 01 to 0.04% of the annual 
Columbia River flow (55-year average flow of 120,800 cfs) in the vicinity of Hanford and have no 
significant effect on water availability for other uses. 

Most of this withdrawal is discharged to the ground as industrial waste or sanitary sewage while 
a small portion is returned to the river essentially unchanged (e.g . , back flushing at pump 
in 1 ets) . This 1 eaves a minor portion that is actually "consumed" through evaporation or storage 
in high-level radioactive waste tanks . 

Groundwater withdrawn from various wells on the Hanford Reservation amounts to an average of 
about 0. 32 cfs (28,000 ft 3/d) , including a present withdrawal of 0.05 cfs (4200 ft 3/d) for WPPSS 
construction purposes . About 80% is obtained from the unconfined aquifer and the rest from lower , 
confined aquifers. Uses of this water include sanitary, construction and emergency cooling 
systems supplies . However, this groundwater withdrawal from the unconfined aquifer is completely 
overshadowed by a factor of about 100 by the disposal of process water to the ground. The 
groundwater withdrawal is about 0.7% of the largest withdrawal rate from the Columbia River for 
manufacturing and waste management programs. The groundwater withdrawal is inconsequential 
relative to alteration of the site-wide groundwater elevations, flowpaths and flowrates caused by 
groundwater inputs, although localized changes in flowpaths must be considered . 

III . 1.6.2 Effects on Water Quality for Other Uses 

In addition to the process waste discharges already discussed, sanitary waste is generated in all 
operating areas, as well as animal waste in 100-F and 300 Area. ~ost of the sanitary waste is 
discharged through septic tanks and tile fields. The animal waste and 300 Area sanitary waste 
are discharged to leach trenches instead of tile fields, and some sanitary waste goes to the 
Richland sewer system. Water quality monitoring in the river is designed to measure the overall 
effect on river water quality of all plant discharges . 

Washington State Standards 57 for biological and chemical quality applicable to the local river 
reaches have been excerpted in Appendix II.1-G. In accordance with these standards, routine 
measurements were made both upriver at Priest Rapids or Vernita and downriver either at Richland 
or the 300 Area upriver from the Richland water plant, for the parameters for which quantitative 
criteria are given. These parameters are pH, turbidity, dissolved oxygen, colifonn organisms, 
BOO, and temperature (Tables III. 1-29 through III.1-31). 

Enterococci measurements are made to clarify the types of colifonns present. 

Columb1a River water analysis for biological quality indicates an increase in colifonn organisms 
and a slight increase in BOD between the Vernita and Richland measurement points. These addi 
tions are related to drainage from fanning and animal husbandry activities not associated with 
Hanford facilities. Additionally, this stretch of the river is heavily populated by waterfowl 
which contribute to the biological load. However, essentially identical values for enterococci 
at both upstream and downstream locations indicated that colifonn increases were not of fecal 
origin and demonstrated cOllll)liance with the water quality standards. On the average, nitrate 
was the same at upstream and downstream measurement points. Turbidity, pH and dissolved oxygen 
measurements were made only at 300 Area during 1972. The range associated with these 

TABLE II I. 1-29 

TEMPERATURE OF COLUMBIA RIVER WATER IN 1972 
(OF) 

Priest Rapids Richland 
Daily Daily 

Maximum Minimum Average Maximum Minimum Average 

66.7 33.8 51.8 66.2 31.5 50.2 
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Standard67 

# Samples 
Maximum 
Minimum 
Average 

TABLE I I I. 1-30 

COLUMBIA RIVER CHEMICAL ANALYSES FOR 1972 

N03 
(ppm) 

45 
Vernita Richland 

51 
1 ·Ta) 
0.36 

54 
1.0 
0.14 
0. 37 

Turbidity 
(Jackson 

oH Turbidity Unit) 
6.5 to 8.5 5 + Background 

Vernita 300 Area Vernita 300 Area 
47 
9.2 
7.4 
8. l 

224 
9.4 
7. 2 
8.0 

48 
28 . 
0.6 
5.0 

219 
30 . 
0.05 
4.6 

Dissolved o2 
(ppm) 

8.0 min . 
Vern i ta 300 Area 

34 181 
13 .6 14. 7 
4. 0 8.1 

11. 0 10. 

(a) Less than the analytical limit. 

TABLE III.l-31 

COLUMBIA RIVER BIOLOGI CAL ANALYSES FOR 1972 

Coliform Enterococc i BOD 
~NtlOO ml) (N/lOOml) (oom ) 

Standard67 240median value) No Standard No Standard 
Verni ta Richland Vern i ta Richland Verni ta Richl and 

ti Samples 14 11 14 11 14 11 
Max imum 210. 460. 280 . 88 . 4.1 4. 2 
Mi nimum 1. 0 2.0 1.0 2. 0 1.0 1. 2 
Average 49. 88 . 37 . 34 . 2.6 2.9 

measurements is bel ieved to be of natura l origin and not associ ated wi t h t he Hanford fac il i ties . 
In addition t here was a net decrease in average Columbia River temperatu re between Pri est Ra pids 
and Richland for 1972, as i ndi cated in Tab le II I .1 -29. 

The results of this program indicate no effects from Hanford operations which would affect the 
use of the Columbia Ri ver for other purposes assigned by t he Was hington State Water Quali ty 
Standards, inc luding domestic use, recreati on, and fish and she llfi sh rearing . 

, 
Water qual i ty measurements of the unconfi ned and confi ned aqu i fers are obtained rout i ne ly by 
utilizing t est well s on the Hanford Reservati on. Maps of the ni t rate ion concen tra tion near the 
surface of the unconfined aquifer are published semi annually . (The map for the last 6 months of 
1972 appears in Figure II. l -68. ) Since the nitrate ion is not absorbed on the soi l, t he map indi
cates the extent of wastewater movement. In Figure II. 1-68, the major pl ume i s f rom the 200 
Areas disposal operations . Plumes are also beneath the 300 Area and emanati ng f rom the 100-N 
Area. The plume at the 100-F Area i s presumably from continued disposal of BNW Anima l Lab waste . 
The i solated plume south of 100-N and east of 100-K Area is probably due to previous reactor 
operations. A residua l ni trate background of up to 6 mg/tin the groundwater north of Gab le 
Mountain and Gable Butte is due to pre-Hanford operations agricu ltural activi ties. Simi lar ly, 
occasionally detectable nitrate ion is in the groundwater between the Yakima River and the 
Columbia Rfver . 
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III.2 WASTE MANAGEMENT ACCIDENTS 

III.2.1 Introduction [RPB, X.4, X.6, X.25] 

This section discusses the range of accidents which might occur from waste management operations. 
These accidents were selected on the basis of present facility design and operations. Previous 
accidents and other possible accidents, more severe than have been experienced at Hanford, were 
also considered. In both the selection of accidents and methods and assumptions made for analy
sis (Appendix III-C contains a discussion of methods), a consistent attempt was made to be con
servative (to analyze the worst conditions credible) . The possible effects of credible natural 
forces (earthquakes, tornadoes, high winds and flooding) were also considered even though the 
site has not experienced the maximum credible natural forces and the probability of their occur
rence is extremely small. Factors involved in accidents were examined analytically where data 
were available and subjectively where data were not available . The final judgments as to acc i
dent credibility were subjective and represent a concensus of many knowledgeable individuals . 

Each of the selected accidents is described and estimates are made of 1) the probability of i ts 
occurrence, 2) the resulting release of radioactivity (source term), and 3) possible impacts . 
The accidents considered are: 

• Tank Leaks • Ons ite Liquid Waste Shipping Acc ident 

• Tank Gaseous Release • Sol i d Waste Accidents 
• Tan k Dome Failure • Range Fire 
• Li ne Leaks • Cri tica li ty at Ground Disposal Si tes 
• Fil ter Failure (B Plant) • Accidents Due to Natural Forces . 

III .2 .1. l Sabotage 

The accidents analyzed may represent potential consequences of sophisticated sabotage directed at 
waste management operations. However, sabotage scenarios are almost unlimited and may represent 
unwarranted speculation. In addition to set forth specific methods to perform such sabotage 
would be unreasonabl e. For example, tanks leaks , pipe leaks, or surface spills might be the 
result of sabotage. Expl osives added to a waste tank might lead to consequences such as the tan k 
dome fa i lure. Onsite transportation accidents might result from less sophi sticated sabotage. 

III .2.1 .2 Site Secur ity 

The Hanford site has a formally developed program to provide physica l and special nuc l ear mate
ri al (SNM) securi ty for all operating faciliti es. Th is program includes limited and controll ed 
personnel access t o operating faciliti es as well as detection and recovery of waste and SNM 
relocated in or out of the operating fac ili ties or site without prior approval by ERDA or its 
respons i ble contractors. Some of the measures used to prov ide these assurances are: 

• Mu l tiple phys ical barri ers between the operating facilities and the uncontrolled access area . 

• Personnel access/mobility controls through carefully developed and implemented adminis
trative control. 

• Fixed and mobile guard positions with redundant c00111Unications and a limited outside law 
enforcement response backup capability. 

• Alarm systems and SNM personnel monitors. 

• Personnel security program for employees having SNM access. 

• An elaborate SNM accountability system involving the "two-man-rule,"·documentati on, elec-
t ronic detecti on systems . and redundant internal checks and audits. 

A special access barrier i s provided by maintaining the air ~pace over the Hanford si te as a 
restricted air space; flights within this air space under 10,000 feet of elevation require 
prior approval by ERDA. 

Procedures are in place to provide adequate control of unauthorized access to the waste storage 
facilities at Hanford . These measures and procedures are conti nually under review and eva lua
tion; at this time, upgrading of fac i lities and associated barrier requirements are in progress . 
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III . 2.2 Leakage of High-Level Liquid Waste from Storage Tanks 

A total of 152 large underground storage tanks exist at Hanford for high-level waste (descri bed 
in Secti on II . 1) and an additional one is complete except for piping i nterties into the system. 
The older tanks ar~ single-wall, carbon steel, concrete design . Currently , all high-heat li qu id 
waste is only stored in the new double-wall tanks and low-heat waste and sa l t cake i s stored in 
the older single-wall tanks. 

Since 1958, 18 confinned tank leaks have occurred (described 1n Section II . 1 and Appendix 
II .1-C). All leaks have been from the single-wall tanks . The causes of leaks have been either 
corrosion of the carbon steel tank liner (general corrosion, pi tting corrosion or stress cor
rosion cracking) or mechanical failure of the steel liner (thennal expansion due to local over
heating or buckling due to other causes). These tank leaks have varied in si ze from very small 
to 115,000 gallons for the 106-T tank leak in 1973 {described later) . 

During the time that liquid waste is being converted to salt cake, addit i onal tank leaks are 
expected to occur . Extrapolation of past data would indicate that future leaks may occur at a 
rate of 2 to 3 per year . As the amount of liquid stored in tanks is reduced, this expected 
number of leaks will decrease. In the future, an increasing fraction of the l iquid waste will 
be storea in double-wall tanks . Here, a leak in the inner tank can be detected and corrective 
action taken without escape of liquid from the outer tank to the ground . 

III.2.2.l Leak Detection Capability [RPB, X.4, X.5, X.8] 

The capability to detect tank leakage varies with tank design, type of stored was t e and tank 
service. These variations include : 

• Radiation and conductivity monitors on the double-wall tanks (AY and AZ tanks) wi l l allow 
detection of leakage at less than 100 gallons. 

• Special leak collection sumps under the newer single-wall tanks (AX tanks) wil l al low 
detection of leakage at less than 100 gallons. 

• For those single-wall tanks which have radiation monitoring lateral wells directly under 
the tank, detection of leakage at less than about 5,000 gallons is expected . 

• For older single-wall tanks, the leak detection depends on liquid level measurement and 
vertical radiation monitoring wells. The expected leak detection capability i s from abou t 
2,000 gallons up to 30,000 gallons. This variation depends on several factors i ncluding 
the degree of evaporation which makes liquid level interpretation difficult, the degree of 
floating salt crust in the tank, and the proximity of the leak to one of the dry wells, 
etc. 

With the improved leak detection systems, procedures and increased frequency of monitoring and 
management attention, future leakage is expected to be detected at less than 30,000 gallons. A 
leak as large as the 106-T quantity of 115,000 gallons is not expected to occur again under 
nonnal operations. 

After the 106-T leak the following actions were taken: 

Immediate Actions 

• All operations were shut down except surveillance, which was imnediately increased, until 
all operating procedures (approximately 85) were reviewed and rewritten where appropriate. 

Organization Changes 

• Contractor management of the tank fanns was separated from the other production operations 
at the department level to concentrate attention in this area, and some 52 additional 
personnel were assigned to the tank far;n operations and surveillance organization. Further, 
responsibility for all tank fann surveillance, perfonnance and analysis was consolidated 
into the Tank Fann Surveillance Section under the direction of a senior manager . 

• Internal audits in the Production and Waste Management organization were reinforced and 
clarified in the organization structure and. procedures. 

• A new divis1on, Quality Assurance and Safety, reporting to the president of the company, 
was established to maintain appropriate audits and assure that proper Quality Assurance 
procedures are in place and are being followed in all operations in the company. 
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• A number of new personnel, two at the division level, were recruited to bring new and more 
aggressive management into place. 

Operational Changes 

• Manual liqu id level readings are taken a minimum of once per shift on all l iquid waste 
storage tanks available for and/or in active service. Readings are taken once every 2 hours 
with automatic computerized liquid level measuring instrumentation. 

• The computerized liquid-level measuring instrumentation alarms on out-of-l imit readings and 
prints out the actual liquid level. 

• Rad iat ion wells and laterals are read weekly for prompt detection of change , versus a pre
vious monthly schedule. Wells showing increases or readings ·above a pre-establ i shed limit 
are read on an increasing frequency. 

• Materi al-balance calculations during transfer-type operations are made every 2 hours t o 
monitor the locati on of the liquid and promptly detect losses. The ca lculations are 
checked by responsible supervision and al so by process control engineers at least once 
per day. 

• All dir ect buried lines used for the transfer of radioactive waste solutions are pressure
tested on a routine schedule to reduce potential for li qu id losses during t ransfers . 

• A rigorous policy of operating equ i pment accord ing to t he procedures has been imp l ement ed 
to assure compliance with approved procedures. 

Program Impacts 

• Accelera t ed evaporation of water from radioactive solutions has reduced the volume of 
liquids that needs to be stored. 

• Concentration of operating, technical, and management personnel in promptly detect i ng sma ll 
leaks prevents these small leaks from becoming large-magnitude leaks . 

• Use of double-wa ll underground waste storage tanks permits detection and contai nment of 
leakage shou ld the primary wall fa i l. 

• Future conversi on of t erminal evaporator solutions to solids will further reduce t he poten-
tial for radioacti ve solut ion leakage. 

III. 2. 2.2 Description of the 106-T Leak 

The 106-T tank leak is t he largest leak t hat has occurred f rom Hanford high-leve l waste storage 
tanks . A detai led report on the reasons for and results of this leak has been prepared . 1 

On June 8, 1973 , the 241-T-106 underground liquid waste storage tan k, located in the 200 West 
Area , was conf1nned as leaki ng. Subsequent investigation of th i s tank revealed that 115,000 
gallons of radioactive liquid waste had leaked into the adjacent sediments. Soon after t he l eak 
volume and the radiochemical constituents of the waste liquid were determined, i t was predicted 
that the waste liquid would be sorbed in the dry sediments near the 241-T-106 tank and wou ld not 
percolate to the underlying water table. This prediction was based on knowledge of the geology 
and hydrology underlying the 241-T tank farm and on more than 20 years of experi ence wi th l iqu id 
waste effluents in 200 West Area sediments. 

To confirm t his prediction , a study was conducted to define the boundary of the contami nated 
zone and the depth to which t h1s liqu id waste had percolated t oward the water t ab le . 1 Si xteen 
well s were drilled to delineate the contaminated zone . The deepest penetrati on of contamination 
observed in the wel l s drilled was 89 feet bel ow ground surface (11 5 feet above the water tab l e). 
The 1 ~Ci/ l i ter ruthenium isopleth was used to deli neate the cont aminated zone. The vo l ume of 
contaminated sedimen t s was calculated to be about 880,000 ft 3• 

Based on results of the study described above and the basic knowledge of liquid movement i n 
Hanford sediments, further movement of the radioactivity from i ts present location is expected 
to be negligible. · 

III .2.2.3 Postulated 800,000 Gallon Tank Leak 

A1though no such release is considered credible, the following tank leak is described for the 
purpose of analyzing the impact from a so-called "worst case." The tank has a vo lume of 
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1,000,000 gallons and is assumed to contain 80% liquid and 20% sludge which does not leak. Such 
a leak is more than five times greater than any leak previously experienced at Hanford. 

III .2.2.3.l Calculated Source Term for the 800,000 Gallon Leak . 

The waste canposition in the tanks was taken from radionuclide data presented in Appendix III-0 . 
The supernate composition is : -

Na+ 4.0 !1_ 3H 4.21 X 10+4 uCi/gal 
Ca++ 0.002 M, 90Sr 3.72 X 10+2 uCi/gal 

so; 0.25 11 99Tc 1.40 X lO+J uCi/gal 
OH- 0.24 M, l06Ru-l06Rh 7. 42 x 10+5 uCi /gal 
Al02 0. 06 M 125Sb 1.38 X 10+2 uCi/gal 
K+ 0.016 !1_ 1291 6. 15 X 10-l uCi/gal 
pH 11.9 134cs 1. 12 x 10+4 

11Ci/ga1 

NOi + N02 3.22 M 137 Cs 4.34 x 10+5 
11C1/gal 

co- 0.75 M, 239Pu 1.43 x 10-l uCi/gal 3 
The PERCOL Model 2 was used to simulate the sorption phenomena between soil and waste following 
the leak of the contents of a full tank. Input parameters for the analysis were those laboratory
measured values detennined on soil samples fran wells in the 200 West T tank farm. Only those 
soils below the backfill were used . The thin silt and caliche layers known to exist under some 
of the tank farms were anitted . This does not imply that soil profiles are the same everywhere 
but 111 ustrates the effect of a "worst case" leak. 

The following assumptions were made: 

• the tank leaks 800,000 gallons 

• the tank is 170 feet above water table 

• average porosity of the soil is 0.35 

• a silt layer typical of 200-W Area controls the waste percolation rate 

• measured distribution coefficients for high salt waste on 200-West T tank farm soils are 
applicable 

• the spreading of the waste laterally wets a circular area 126 feet in diameter 

• a conservative specific retention for the soils is 6% of the pore volume or 2% of the total 
column volume 

• seepage velocity is slow enough for sorption and chemical equilibrium to be attained. 

The soil pore volume in the soil column 126 feet in .diameter and 170 feet high is 7. 42 x 105 ft 3 • 
Six percent of this volume is 4.45 x 104 ft 3 • The tank leakage volume is 1.07 x 10 5 ft 3 of 
which only 6.25 x 104 ft 3 (or 4.7 x 105 gallon) drains into the groundwater, within the time 
scale that allows for a measureable impact on groundwater quality. 

The empirical concept of specific retention (Appendix II.3-0) was used to remove from the analy
sis that portion of liquid that takes thousands of years to drain to the water table. The 
assumed specific retention value of 2% of the column volume was selected to cause some liquid to 
pass through the col1111n and show the capacity of the soil to sorb radionuclides. If 6% of the 
total column volume were assumed as the specific retention volume, no liquid would reach the 
water table within a reasonable time and the PERCOL model would not be appiied to the analysis. 

The soils beneath the 200 Area plateau consist mainly of layers of sand and silt mixed with 
gravels. In 200-W Area, a layer of caliche up to several feet thick was identified in many of 
the wells. The soils beneath this caliche are generally classed as the Ringold Fonnation. This 
caliche does not exist in 200-E Area. The assumed soil layers for this analysis are schemati
cally shown in Figure III.2-1. The sorption results of the leak solution flowing down to the 
water table are illustrated in Figures III.2-2, III.2-3 and III.2-4. 
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Figure III.2-1 shows the regions within the soil profile where the 90 sr, 137Cs, and 125Sb are 
sorbed. Figures III.2-2, III.2-3 and III.2-4 show the concentration-distributions of 90 sr, 
13 7Cs, and 12 ssb on the soil as a function of depth: 

• 90sr is removed by ion exchange and by precipitation as SrCO3 close to the source 

• 137Cs i s sorbed within the first 15 feet 

• 12 ssb sorbs only on the fine silt and in the Ringold sediments where higher clay contents 
exist 

• 106Ru generally is not sorbed on the soil and travels with the water. 

In order to treat the nonsorbed nuclides, ruthenium, technetium, iodine, and tritium, it was 
assumed that the only reduction in concentration was due to the decay during transport to the 
Columbia River. Therefore, the convective· groundwater flow transport rates in both the par
tially saturated zones down to the water table and ·;n the saturated zone to the Columbia River 
became the governing factor in determining efflux rates to the environment. 

The rate of flow through the one-dimensional partially saturated column is difficult to calculate 
because of the changing hydraulic conductivity, moisture content and potential gradient. In the 
layered soil system, the soil w1th the lowest hydraulic conductivity will control the flow . 
Using the f l ow rate of the 1O6-T tank leak as typical for leaking tanks and restricting the f l ow 
to the 126-ft diameter column, the first arrival of liquid at the water table occurs in approxi
mately 2 to 11 years. Subsequent to the first arrival, 1 year is assumed to be required for 
the bulk of the water to enter the water table. This is conservative since the rate of entry 
will decrease as the moisture content of the column decreases. The shortest travel time to the
Columbia River from the 200 Areas is estimated as 20 years. Therefore, the 2-yr travel time for 
the liquid down to the water table, with the 1-yr duration of flow into the water table, followed 
by a 2O-yr travel time down the fastest flowpath to the river bank were assumed. These assumed 
travel time values mean that the tritium, technetium, iodine and ruthenium reach the river in 
about 22 years. The bulk of the leaked liquid is assumed to merge within about a year after first 
arrival since dispersion effects were neglected. 
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The total amounts of these nuclides reaching the river are given in Table III.2-1 with radio
active decay taken into account where significant. Analysis of this tank leak case with "worst 
case" assumptions demonstrates that the cesium and strontium never reach the river. For the 
nonsorbed or slfghtly sorbed radionuclides, only 99Tc reaches the river undiminished. The 
remaining nuclides, ruthenium, tritium, antimony and iodine, are discharged to the river at 
negligible levels due to the small quantities initially present (tritium, iodine), radioactivity 
decay (ruthenium, antimony) or due to sorption in the soil (antimony). 

III . 2.2.3.2 Calculated Radiological Impact on Man from 800,000 Gallon Leak 

The calculated radiation dose to the maximum individual and to the population within 50 miles of 
the postulated accident is given in Table III.2-2. The effective half-lives in the body of al l 
of the nuclides involved are short enough so that essentially all of the listed dose is rece ived 
in the first year. The total potential dose was calculated by SU11111ing the contributions from 
eating foods irrigated with the potentially contaminated water, eating fish in equilibrium with 
the water, drinking the water, and participating in aquatic recreation such as boating , water 
skiing, swimming, etc. 

III.2.3 Tank Gaseous Releases 

III .2.3.l Hfgh-Heat Waste Tanks 

The high-heat waste resulting from Purex Fuel Processing operations is stored in the A-AX-AY -AZ 
tank fann complex located in 200 East Area. In the past , this waste has contained suffi cien t 
fiss i on product decay heat to cause boiling and self-concentration . Currently only one tank 
contains sufficient decay heat to sustain boiling . 

Each of the tanks in A, AX, AY and AZ tank fanns vents through a baffled carbon steel heade r 
which is common to the tanks in each tank fann and then through either a primary or seconda ry 
ventilati on system . The tank vent sys t ems from the A, AX and AY fanns join together near the 
filtration bui lding in a conmon line which conducts the gas and vapors through a seri es of 
decontamination equipment and then through filtration . Motive force is provided by one of two 
exhaust fans located downstream of the f i lters. One of these fans i s maintained in standby for 
automatic ·activation if the operating fan fails . Both fans are supplied with emergency power 
by diesel generators . The gas exhausted by the stack is continuously sampled and monitored for 
rad i oactive material. The maximum daily radioactive releases given in Appendix II . 1-C , Part 7, 
are wel l within the release guide 11mits. A standby ventilation system backs up the primary 
ventilation system in the event of an emergency. 

II I . 2. 3. 1. 1 Filter Failure 

The manifo ld piping arrangement with shut -off valves for each of the six fil ters operating in 
parall el pennits manual isolation of each filter as requ ired when fi lter f ai lure occurs due t o 
over loading or breakthrough . Should a breakthrough occur in all f ilters simu l taneously , the 
re lease (and its consequences) would be expected to be less than the seal fai lure case di scussed 
below. 

II I.2.3.1.2 Sea l Failure 1n Exhaust Piping 

8nergency venting of the waste storage tanks is provided by a 24-in. line from the vapor header 
di rectly to the standby stack. This l ine conta i ns a water-filled seal pot that relieves at a 
pressure of 60 inches of water positive or 6 inches of water negative. Instruments indicate the 
seal pot water level. 

A tornado hitting a high-level waste fann (discussed later under capability of faciliti es to 
res i st natural forces) would si gnificantly damage above ground facilit i es , wh ich inc ludes the 
Yentilation system. The release of radioactivity in t he unfiltered noncondensed vapor resu l t i ng 
from the tota l severence of the system has been estimated to be less than 5 Ci/hr . For t he 
si ng le tank i nvolved , emergency control should be est abl i shed in less than 24 hours, (total cal
cul ated maxi mum release , 120 Ci ). Since this source tenn i s on the same order of magn itude but 
is less than that estimated for the tank dome failure case presented later in this section, the 
consequences of seal failure are not analyzed here. 
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III .2.3 .1.3 Solution Rollover (Bumoing) 

In the past, emergency venting of a waste tank has resulted from solution rollover. Venting is 
not likely to occur again since an elaborate air circulation system has been incorporated. How
ever. should venting happen, the result would be similar to that described under seal failure in 
exhaust piping except that recovery could be effected within a few hours . 

TABLE III.2-1 

SOURCE TERM FOR THE POSTULATED WASTE 
TANK LEAK TO GROUND 

Quantity(a) Released 
Radionuclides to River (Ci) 

3H 5600 

125Sb 2.4 X 10-16 

106Ru 8.2 X 10-2 

99Tc 650 

1291 0.29 

(a) Assumed to be released 1n 1-yr period 
following a 22-yr travel time fran the 
tank site. 

TABLE III.2-2 

RADIATION DOSE FROM POSTULATED 
800,000 GALLON TANK LEAK 

Dose 
Maximum Individual Population 

(man-rem) (rem) 

Whole Body 1.4 X 10-4 2.9 X lo- l 

G. I. Tract 4.0 X 10-4 1.2 X 10° 

Bone 5.3 X 10-6 2.0 X 10-2 

Thyroid 3.8 X 10-4 7.9 X l 0- l 
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III.2.3.2 Low-Heat Waste Tanks [X.4] 

Presently a number of tanks containing low-heat waste are vented to an aboveground air cooled 
condenser. This venting is being replaced with a filtered exhaust system similar to that used 
on tanks containing high-heat waste. Low-heat waste tanks are in a static state except for 
transfers in and out of the tank. These tanks are normally isolated from the atmosphere except 
for a small vent to acccmnodate the transfers. No significant spread of contamination has been 
detected from these vents. 

These tanks contain less strontium and cesium than the high-heat tanks. The probability of 
failure of any given tank is higher than the probability of failure of high-heat tanks, but the 
lower radionuclide inventory and the lesser quantities of strontium and cesium make the degree 
to which soil may become contaminated in event of a failure far less than for high-heat tanks. 

Some low-heat waste tanks, used to store evaporator bottoms solutions at elevated temperatures , 
are equipped with exhauster systems. Each of the systems is equipped with high-efficiency 
particulate air (HEPA) filters and facilities for collecting a 24-hr filter sample of the 
gaseous effluents. Standard operating procedures state requirements for routine audit of filter . 
integrity and define the limits . The filter samples are collected on a 24-hr schedule and 
delivered to the laboratory for total beta and total alpha analyses. The resultant data are 
the input for computer processing and the issuance of two reports . The first report is a 
routine listing of all data and the second is a special out-of-limits report that lists only 
those emissions that have exceeded stated limits for radionuclide content . Beta samples that 
exceed such a l imit are reanalyzed by gamma energy analysis to identify specific fission products 
present. These safeguards are considered adequate for the preventi on of releases that exceed 
max imum permissible concentrations, and the probabi lity of failure is believed to be remote. 

III.2.4 Salt Cake Storage Dome Failure [X.4 , X.S , X.6] 

No dome failure of the high-level waste tanks has occurred at Hanford or at any other site. 
Model i ng tests have indicated a margin of safety of 4 to 5 times the earth load (~1500 tons) 
over the tanks. A life of 100 years and probably longer cou ld be reasonably expected based on 
life of other reinforced concrete structures (bridges , dams, etc . ) . High-heat waste is to be con
tained i n the newest double-wall tanks (<3 years old). Temperature effect from salt cake will 
have greater impact than radiation. Available ev idence indica tes that radiation has little 
effect on the strength of reinforced concrete. 25 

The oldest tanks containing low-heat li quid waste are about 30 years ol d. Liquid waste will be 
removed fran t hese tanks wi thi n the next few years. Thereafter, the salt cake will remain until 
a f inal di sposal method is developed , a determination that i s expected to be made long before 
100 years pass. Once a tank has been f i lled wi th salt cake and has been i solated from other tan ks, 
a surveil l ance progr am will be initi ated to detect any creep (sagging) in the dome . Duri ng this 
interim peri od, the tank volume between the salt cake and the dome will not be fi lled in order t o 
avoid increasi ng the volume of cont ami nated materia l to be handled should removal of salt cake be 
requ i red for ul timate disposal. This void volume could be filled (with sand, clay, etc.) shou ld 
serious weakening of the dome be detected. 

An analytical approach involving relationships of time, elevated operating temperatures, and 
the earth cover loads is unden,,ay and has been carried out for several years to develop predi c
tive capability on creep and cracking of underground waste tanks, effects which could result i n 
some saggi ng of the dome. These waste tanks with reinforced concrete dome tops are unique struc
tures for which failure probabilities have not been definitely established. Hanford experience 
appears to be the only basis for estimating failure probabilities and has accumulated 2,500 tank 
years without a failure. 

I II .2. 4. 1 Source Term of Dome Failure 

If t he dome on a wast e tank were to collapse onto. salt cake, particulate sa l t cake cou ld be 
released to the atmosphere. · 

Based on eval uations of aerosol behavior, 3 a cubic meter of ai r could be expected to contain 5 grams 
of solids with par ticl e diameters less than 10 llffl . Particles in thi s si ze range could be eas il y 
carried away from the accident site by air currents . Since the free volume above the salt cake 
prior to the dome failure i s approximately 2800 m3 , 14 kg of solids with parti culate· diameters 
less than 10 ~m could be expected to be entrained fn the air following the accident. At least 
half the entrained solid i s expected to be particles of soil and debris from the collapsed dome. 
This leaves 7 kg of soltd1f1ed waste made airborne from the dome failure which is equivalent to 
the ffsston products associated with 60 liters of liquid solution. 
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The above analysis assumes the salt cake is a dry solid. If the salt cake is moist so that 
liquid surface tension and viscous effects must be overcome prior to entrainment, then the ai r 
concentration of fission products is at least two orders of magnitude lower . 3 Therefore, the 
60 l iter estimate is at present conservative because at this time the salt cake is not completely 
dry. The quantity. of radionuclides estimated to be released under these conditions is given i n 
Table II. 2-3. 

TABLE III.2-3 

SOURCE TERM FOR POSTULATED DOME FAILURE 

Quantity Released Quantity Released 
from from 

Radionuclide Dome Failure 1 Ci Radionuclide Dome Fa i lure 1 Ci 

3H 6.7 X 10-4 144ce 1. 9 X l O l 

89sr 1.6 X 10· 10 147Pm 1.2 X 102 

90sr 6.0 238Pu 1.0 X ,o-3 

95Nb 2. 4 X 10· 6 239Pu 2. 3 X 10·3 

95zr 1.2 X 10-6 240Pu 7.9 X 10·4 

103Ru 5.0 X 10•13 241Pu 4.3 X 10·2 

106Ru 1.2 X 10 l 242Pu 1. 2 X 10· 7 

129! 9.8 X 10:-6 241.Am 5.8 X 10· 2 

134cs 1.8 X 10-l 242Cm 2.Q X 10· 4 

137cs 7.0 X 100 

III.2 .4.2 Calculated Radiation Doses for Postulated Dome Failure Accident [X .6] 

The calculated radiation doses to the maximum individual and to the populati on within 50 miles 
of the postulated accident are given in Table III .2-4 . The table presents the inhalation dose 
from all radionuclides released, including the transuranic elements . That portion of the dose 
due to the inhalation of only transuranic elements is given 1n Table I II .2-4a . 

TABLE III.2-4 

RADIATION DOSES FOR POSTULATED DOME FAILURE 

First Year Dose 
Maximum 

Individual, Population, 
rem man-rem 

External 
.\./hole Body 

Inhalation 

6.2 X 10-S 

(All Rad1onuc11des Released) 
Who 1 e Body 1. 4 x 10·2 

Lung 3.6 x 10·1 

Bone 

Thyroid 

1. 9 X 10-l 

1, 9 X 10•7 

1.5 X 10·3 

2.3 

6.o x 10+1 

3.1 X JQ+l 

3.1 x 10-5 

III.2.5 Postulated Liquid Waste Transfer Accidents [X.4] 

50 Year 
Dose Conmi tment 

Maximum 
Individual, Population, 

rem man-rem 

6.2 X 10-S 1.sx 10· 3 

1.3x1o•l 2. 1 x 10+1 

6.5 X 10-l 1. 1 X 10+2 

1.4 2.4 X ,0+2 

2.2 X ,o•7 3.6 X 10•5 

Two general types of high-level liquid waste are .transferred in underground pipes; high-heat 
waste and low-heat waste. The. high-heat waste is produced from fuel dissolution in the Purex 
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Whole Body 

tung 

Bone 

TABLE III.2-4a 

RADIATION DOSES FOR POSTULATED DOME 
FAILURE (INHALATION OF TRANSURANICS ONLY) 

50 Year 
First Year Dose Dose Commitment 

Maximum Maximum 
Individual, Population, Individual, Population, 

rem man-rem rem man-rem 
1.5 X 10.j 2.6 x 10·1 5.5 X 10·2 9. 1 

2.5 X 10·2 4.2 6.7 X 10·2 l. l X 10+l 

2.4 X 10·2 3.9 8.7 X 10• l 1.5 X 10+2 

Plant and is sent to the B Plant for removal of 90sr and 137Cs (long-lived heat emitters). The 
waste is then sent to the boiling waste tanks for a period of about 5 years to permit decay of 
the shorter lived heat emitting fission products. Thereafter, the liquid waste becomes low-heat 
waste. Low-heat waste is also generated in the dissolution of fuel cladding, by organic wash 
water, from reactor and equipment decontamination, from laboratory operations which handle 
radionuclides, etc. 

High-heat waste is transferred in encased lines which provide drainage to sumps where leaks can 
be detected. Low-heat waste, for the most part is also transported in encased lines, but some 
unencased lines are still in use within the older tank farms. A number of unencased lines for 
liquid waste transfer have been replaced within the last 5 years. All new transfer lines which 
will be constructed under new projects in ·the future wil l be encased. 

Appendix II.1-C lists the liquid waste transfer line leaks (nine to date) which have resulted 
in soil contamination. Leaks in lines with encasements do not result in release of radi oactive 
111c1ter1a1 to the env1ronnent and can be readily detected . Usually such a leak wi ll be limited t o 
less than 100 gallons. Line leaks in unencased lines are more difficult to detect and leaks up 
to 36,000 gallons have occurred . Procedures have been modified to detect this type of leak 
earlier . Material balances are made with each transfer and the transfer line i s patrolled with 
a vehicle-mounted radiation monitor. 

Based on past experience, three types of leaks are considered: 

• Leakage of high-heat waste from the inner encasement of a doubly encased line to the outer 
encasement and drainage to a sump. Less than 100 gallons would probably be involved . 
Since no release to the environment occurs, this event does not result in an environmenta l 
impact. 

• Leakage of a few thousand to a few tens of thousands of gallons of low-heat waste to the 
soil surrounding an unencased line. If the line is near the surface and the leakage rate 
is high, most of the leaked material may form a surface pool before seepage into the soi l . 

• Leakage of an upper limit of 100,000 gallons of low-heat waste of which a fract ion forms a 
surface pool. Such large leaks have not been experienced to date and are not expected . 

For analysis, a so-called "worst case" transfer line leak of 100,000 gallons was selected. It 
is assumed that 1/4 (or 25,000 gallons) of the waste would reach the surface and form a pool 
and that the remainder of the waste would be released to the soil beneath the spill. An inven
tory of 5 year old waste with 95% of the strontium and cesium removed by B Plant processing was 
selected for consideration. 

The selection of this inventory for transfer line accident ana lysis is a conservative approach, 
since this composition represents the highest concentration of radioactiv ity transferred in 
unencased lines . Most solutions transferred in ~nencased lines contai n less radioactivity. 
Liquid waste transfers involving high-heat waste, or waste in which the strontium and cesium 
have not been removed , are transferred in encased lines (double containment). 

The probabi li ty of the 100,000 gallon leak occurring is difficult to assess. At Hanford, dur ing 
the last 30 years, approximate ly 40 unplanned releases of this general type occurred, most of 
them remaining underiround. A total of 16 of these leaks were associated with fission product 
transfer operations. Of these 16, six resulted in no surface contamination, while in six others 
the surface became wet. In three cases , liquid flowed onto the surface and in one case an air
borne spray was produced. The postulated accident assumes that the liquid, including soli ds, 
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flows onto the surface. Similar events occurred three times in 30 years. Based solely on this 
past record, similar events may have a mean recurrence interval of approximately 10 years, assum
ing a constant level of transfer operations and taking no credit for any newly installed double
wall transfer lines or deterioration of other ex1sting lines. 

The accident being evaluated assumes the existence of unfavorable high winds at the same time . 
Winds greater than 10 m/sec (22 mph) can be expected to occur at the Hanford site about 5.8% of 
the time. 5 Therefore, the probability that both the spill and the high winds will be coincident 
is once in 170 years. 

III.2 . 5.1 Source Term for Liguid Waste Transfer Accident 

Assuming a transfer leak does occur, the radioactive material that reaches the surface will be 
ex~osed and available for atmospheric dispersal until corrective action is taken (corrective 
action is assumed to occur within 12 hours). The important variables are 1) the fraction of the 
radionuclides in the top few centimeters of soil and 2) the fraction that is entrained in the 
air and travels offsite. 

Past experience involving spills of approximately one third this size indicates that the liquid 
would be expected to percolate into the ground and the solid fraction of the waste would be 
expected to be filtered out and remain in the top few centimeters of the soil column . Thus, the 
top few centimeters would contain all the solid fraction and, if the liquid penetrated the soil 
to a depth of 10 cm, perhaps as much as 1/10 of the liquid fraction. Usually the depth of liquid 
penetration would be more than 10 cm and, consequently, the liquid contributions would be much 
lower, perhaps only 1/100 or 1/1000 of that leaked. 

In addition to the distribution of radionuclides in the soil, the fraction of the nuclides which 
are available for entrainment and actually get entrained in the air currents is a fundamental 
factor in determining the release to the environment. Based on experimental studies, carried 
out at Hanford (discussed in detail in Appendix III-D), no more than 0.1% of the waste exposed 
to surface erosion would be expected to be effectively entrained in the air. In the 12-hr 
release period envisioned, the top centimeter of soil, which contains all the solids and 1/10 of 
the liquids, would be expected to be exposed to surface erosion. Since the spill was postulated 
to form a 25,000-gal surface pool, this last statement is equivalent to stating that all the 
solids and 1/10 of the liquids associated with the 25,000 gallons of waste would be made air
borne and dispersed offsite. The calculated source term for a surface pool of 25,000 gallons of 
liquid waste is given in Table III.2.5. 

Radionuclide 

3H 

89sr 

90sr 

95zr 

95Nb 

103Ru 

106Ru 

1291 

134cs 

137cs 

TABLE I II. 2-5 

SOURCE TERM FOR POSTULATED SURFACE SPILL 
OF NEUTRALIZED 5 YEAR OLD WASTE 

Release Rate 
Quantity Released Ci/sec 

{12-hr duration) 
Quantity Released 

to Air 1 C1 Radionuclide to A1r 1 Ci 

3.4 X ,0-3 7.9 X 10-8 144ce 1.6 

4.8 X ,o-l l 1.lxlo-15 147Pm 7.4 

3.1 X 10- l 7.2 X 10-6 238Pu 5.4 X 10-6 

3.0 X 10-7 6.9 X 10-12 239Pu 1.2 X ,o-4 

5.6 X ,a-7 1.3 X 10-ll 240Pu 4.lxl0-5 

l.9xl0-13 4.4 X 10-lS 241Pu 2.4 X 10-3 

1.2 2.8 X 10-5 242Pu 5.9 X 10-9 

5.4 X 10-S 1.3 X 10-12 241Am 3.0 X ,o-3 

1.4 X ,0-3 3.2 X 10-S 242em 1.6 X ,o-s 

3.9 X ,o-2 8.9 X 10-7 
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Re 1 ease Rate 
Ci/sec 

P 2-hr durat i on l 
3.8 X 10-s 

1.7 X 10-4 

1.3 X 10-10 

2.7 X ,o-9 

9.5 X 10-10 

5.5 X 10-8 

1.4 X 10-13 

6. 9 X 10-S 

3.7 X 10-lQ 
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III.2.5.2 Calculated Radiological Impact on Man 

The calculated radiation dose to the maxirrum individual and to the population within SO miles 
from the postulated accident is given in Table III.2-6. The values for the first year dose and 
the SO year dose COll'll1itment are given. 

TABLE III.2-6 

DOSES IN REM FROM POSTULATED TRANSFER LINE LEAKAGE 
OF 100,000 GALLONS OF WASTE 

External 
Whole Body 

Inhalation 
Whole Body 
Lung 
Bone 

Thyroid 

First Year Dose 
Maximum 

Individual, Population, 
rem man-rem 

3.5 X 10-6 

5.4 X 10-3 

1.3 x 10-1 

7.0 X 10-2 

4.6 X lQ-9 

3.3 X lQ-3 

1. 9 

4.6 X 101 

2.6 X 101 

1. 7 X 10-6 

III . 2.6 Accidents in B Plant [RPB] 

SO Year 
Dose Conmitment 

Maximum 
Individual, Population, 

rem man-rem 

5. 9 X 10-2 

2.6 x 10-l 
5.6 x 10-1 

5. 5 X 10-9 

3.3 X lQ-3 

3.7 X 101 

9. 0 X 101 

2. Q X 102 

2.0 X 10-6 

In B Plant, strontium and cesium are removed from the high-level waste to reduce greatly the 
length of boiling t ime for high-level liquid waste. For the tank inventory given in Appendix 
III-0, the time can be reduced by a factor of 14, from 85 years to about 6 years. 

III .2.6.l Postulated Accidents Considered for B Plant [X.4] 

Postulated accidents considered in the B Plant safety analysis, 6 and a surrmary of preventive 
measures, include : 

• Accumulation of hydrogen by radiolytic decomposition of water followed by an explosion. 
The tank is purged with air to prevent the accumulation of hydrogen. Emergency air 
compressors are available. 

• Accumulation of anmonia followed by an explosion. Temperatures of aqueous solutions con
taining concentrated ammonia are maintained below 39°C to prevent accumulation of explosive 
mixtures of arrmonia and air. 

• Explosion of "red oil" [a complex mixture of nitrated organic decomposition products of 
tributylphosphate (TBP) and heavy metal ni trates]. Concentrators are operated at tempera
tures less than 140°C to prevent the explosion should "red oil" accumulate. 

• Chemical oxidation of ruthenium to volatile ruthenium tetroxide. A series of five inde
pendent operating errors is required to inadvertently add persulfate (a strong ox ident) to 
the tank in1'1hich ruthenium could be oxidized. 

• Loss of cooling water al lowing solutions containing fission products · to evaporate to dry
ness. Backup supply syst~ms are provided . 

• Loss of electrical power. Emergency backup systems are provided. 

• Loss of instrument or process compressed air. Preventative features include an emergency 
portable air compressor and operating procedures and design features to assure safety. 

• Temperature excursion in solids settling out from feed streams. Administrative controls 
and temperature instrumentation are used to maintain liquids on the solids. 
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• Cell drain line failure causing solutions of high concentrations of fission products to leak 
to soil. Leak checks of transfer lines, leak-detectors in the openings of cel l floor 
drains, control of solution transfer volumes, and visual inspection are employed to prevent 
this occurrence . 

• Concentrator pressurization. Concentrator pressure and seal-pot liquid levels are measured, 
operating procedures are carefully conducted, and a gas eductor (jet) is used to maintain 
proper pressures in the system. 

• Vessel coil failure. Monitors detect any contaminants of cooling water and activat e diver
sion to a lined retention trench. 

• Condensates. Since the safety analysis was made, catch tanks to hold up and monitor pro
cess and steam condensates have been added. Condensates contaminated with radioactivity 
can be returned to the process for rework. Additional sampling tanks and a diversion 
system to an enclosed catch trench (from which the stream may be recyc led) are now being 
installed to further prevent accidental discharge of contaminated condensates. 

• A fire in the B Plant ventilation filter. Preventative measures include use of fire 
resistant absolute filters, a heat detection system, minimization of quantity of combusti
ble materials and sources of ignition in the canyon, an automatic foam system for cells 
containing organic solvents, separate process vent system for off-gases which could con
tain anmonia, and good housekeeping practices. In the event of a fire, alarms are sounded , 
water sprays can be activated, and exhaust air is diverted from HEPA filters to a sand 
filter. 

Postulated accidents considered in the safety analysis of the encapsulation and storage facil
ity, 7 and a sunmary of preventive measures, are: 

• Hydrogen accumulation and explosion . Process vessels, the storage basins and process cells 
are purged with air to prevent accul!lllation of explosive mixtures. Emergency air com
pressors are available. 

• Vessel coil failure . Cooling coils are maintained under positive pressure to prevent any 
leakage of the process solutions. Careful design, quality assurance, operating safeguards , 
monitoring and diversion of any contaminated streams are used to avoid environmental dis
persal of contaminated cooling water or stream condensates. 

• Loss of cooling water. Emergency diesel driven pumps, parallel supp1y lines, and a water 
reservoir are employed to minimize this potential and to provide cooling water if the 
primary source should be lost. 

• Loss of process or instrument air. Parallel-operated compressors and. a portable diesel
driven compressor are available. 

• Loss of electrical power. A diesel-driven generator automatically assumes the load . 

• Encapsulation problems. Highest standards in manipulator design, construction, operation 
and maintenance are employed. Engineered safeguards and operating procedures are carefully 
considered . 

• Capsule failure during storage. Material selection and welding procedures are carefully 
controlled to prevent corrosion. Safety features in o~erating equipment are provided to 
avoid inadvertent mechanical damage. Process solution back-flow. Redundancy in air com
pressors (previously discussed) and "fail-safe" diaphragm-operated valves minimize the 
potential of this event. 

• Fire. Accumulation of combustible materials and sources of ignition are limited. Fire 
detection, alarms, and cell spray systems for extinguishing are provided. Filters are 
fire resistant. 

Based on these evaluations, the accident with the largest potential impact would be· a fire in 
the B Plant ventilation filter. Other postulated accidents within B Plant or the encapsulation 
and storage facility have less potential consequences. 

The B Plant exhaust ventilation system provides for 1) the removal of process-generated heat 
and 2) control of the release of contaminated air from the canyon. The system comprises a 
canyon supply air system and a filtered exhaust system discharging to atmosphere. The 45,000 cfm 
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capacity system is operated to maintain a negative pressure in the canyon with respect to atmo
sphere of 0.2-in. water gauge pressure to ensure directional flow of contaminated air. The fil
tered and washed supply air enters near the top of the canyon, flows downward around process cell 
cover blocks, into the cells and through openings into the canyon exhaust air tunnel. 

Exhaust air is filtered through three (A, B, and C) underground, reinforced concrete filter bays 
operated in parallel. Each filter bay consists of a roughing prefilter followed by two banks of 
HEPA filters in series. Metal screens are provided following the prefilter and the first bank 
of HEPA filters to prevent mechanical damage to the following filters. Each filter bay is 
connected to a conmen underground exhaust plenum through a structural baffle which, when filled 
with water, will isolate from service any one or all of the filters. Above grade stainless 
steel duct work connects the plenum to two electrically driven exhaust blowers and one standby 
steam turbine driven exhaust blower which discharge through a 200-ft tall concrete acid brick 
lined stack. 

The exhaust ventilation system is equipped with an air sampler, monitors and alarms to measure 
radioactive discharges and to detect off-standard conditions. An isokinetic sampling probe 
located in the exhaust stack provides for continuous sampling of air exhausted to the atmosphere . 
An existing exhaust air sandfilter (25,000 cfm) paralleling the HEPA filter system remains in 
serviceable standby, although isolated from the system by water seals. The sandfilter can be 
activated automatically by removal of its seal water and by adding water to the HEPA filter 
seals. The diversion of the exhaust air system is designed to be accomplished within 5 minutes. 
The 221-8 process cells and the filter system incorporate several fire detection and control 
systems for protection of the filters. 

For this postulated accident, one of three roughing/prefilter banks in C cell is assumed to burn 
and release its entire inventory to the first bank of HEPA filters. Thus, the inventory on the 
first HEPA filter in that bank becomes 1/3 of the entire inventory in C cell, shown in Table 
III.2-7. Following the destruction of the prefilter, 5 of the 25 HEPA filters are assumed to 
burn through releasing their inventory to the final HEPA filter bank in that section. At ele
vated temperatures, the transmission through the last filter bank could be as high as 1.0% at 
the expected condition. 8 

TABLE III.2-7 

ESTIMATED INVENTORY OF RADIONUCLIDES ON B PLANT FILTERS 

A Cell 
B Cell 
C Cell 

Quantity on Prefilters and 
First HEPA Filter Bank , 

Ci 

137cs 

3. 6 X 103 

2. 3 X 103 

3.5 X 103 

905,. 

4.0 X 10
4 

2. 5 X 10
4 

9.9 X 10
3 

The probability of a fire occurring in the B Plant filter system was estimated based on Hanford 
experience. Three fires fn the ventilation and filter system of processing facilities at Han
ford have been recorded over the past 30 years. The fires involved the burning of lint or other 
residue on hood filters or prefilters. In all cases, no filter failures or resulting environ
mental impacts resulted from these fires. Conservatively estimating that an annual average of 
100 process ventilation systems were operative during the 30-yr period, the probabil i ty of a 
fire occurring in a filter system is 10-3 per plant year . Since none of these fires were of the 
magnitude postulated in B Plant, and since .fire preventative controls have increased during this 
30-yr period, the probability of a postulated fire is expected to be at least one or two orders 
of magnitude less than that estimated by Hanford experience. Therefore, a probability of less 
than 10-~ per year has been assigned to the postulated B Plant filter fire . 

III.2 . 6.2.1 Calculated Source Term for Filter Failure in B Plant 

Rec~nt radiation measurements provided estimates of the radionuclide inventory on the B Plant 
exhaust filter system. From these radiation measurements taken at specific locations, with 
relation to the filter banks in each of the three filter cells (designated A, B, and C cell s), 
estimates were made of the probable radionuclide loading on the prefilters and the first bank 
of HEPA filters in each cell. The prefilter system was assumed to remove between 90% and 75% 
of the particulate material with the remaining amount deposited on the first bank of HEPA 

III.2-15 



--
er--

filters. The loading of radionuclides on the second bank of HEPA filters was assumed to be 
insignificant and was not considered as a contributor to the radiation dose measurements used 
to estimate the exhaust system inventory. 

The 13 7Cs inventory was inferred directly from the radiation measurements. Since 90sr is pri 
marily a beta radiation emitter, direct determination by the techniques used was not possible. 
The 90Sr inventory within each filter cell was estimated, using 137Cs: 90sr ratios developed 
assuming attenuation of beta radiation by varying depths of dirt deposited on the filter. The 
estimated maximum inventories of 137Cs and 90 Sr contained in each filter cell are shown in 
Table III.2-7. 

The calculated source term for the filter fire described earlier in this section is shown in 
Table III.2-8. The release occurs as an elevated release from the 200-ft 291-B ventilation 
stack. 

TABLE III.2-8 

SOURCE TERM FOR POSTULATED B PLANT FILTER FIRE 

Quantity Released 
Radionuclides to Air, Ci 

137cs 2.3 

6.6 

III.2.6.2.2 Calculated Radiological Impact on Man 

Release Rate 
Ci/sec 

(10-min. duration) 

3.8 X 10-3 

1.1 X 10- 2 

The calculated radiation doses to the maximum individual and to the population within 50 miles 
of the postulated accident are given in Table III.2-9 . 

TABLE II I. 2-9 

RADIATION DOSE FOR CESIUM AND STRONTIUM PROCESSING 
POSTULATED FILTER FAILURE 

50 Year 
First Year Dose Dose Conmitment 

Maximun Maximum 
Individual, Population, Individual, Popu 1 a tion , 

rem man-rem rem man-rem 

External 
Whole Body 1.0 X 10-6 2.3 X 10-4 1.0 X 10-6 2.3 X 10 -4 

Inhalation 
Whole Body 2.5 X 10-3 2.8 x 10-1 4. 9 X 10-Z 5.4 
Lung 4.3 X 10-z 4.8 1.0 x 10-l 1.2 X 101 

Bone 9. 1 X 10-3 1.0 4.8 X 10-z 2.2 X 101 

III.2.7 Liquid Waste Shipments Acctdents 

III.2.7.1 Leakage from an Overf1lled Rail Tank Car 

C~ring the diverse research and develoi:ment activities which utilize large quantities of radio
nuclides, liquid waste streams of intermediate-level are frequently generated in the 300 Area. 
This waste is collected and transferred to 200-W using specially designed 20,000-gal rail tank 
cars. These same cars are also used to transfer intennediate-level waste from N Reactor to 
200-W. The liquid waste received fran these shipments is incorporated into the high-level liquir 
waste processing operations in the 200-W Area. The car is loaded and unloaded from the top ports 
arranged on a top flange closure plate. Valves and disconnect-fittings which mate with the 
piping in the loadout facilities are mounted on the fill and vent line nozzles. During trans
port, caps are installed ·on each line. Liquid level and temperature gauges are installed on 
their respective nozzles and remain in place during transport. 
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During shipment, the tank car normally contains a 7-in. air space between the surface of the 
liquid and the top of the car. A pressure buildup of 0.70 psig is enough to discharge liquid 
through the fill/discharge line if all the flanges in the air space are leak tight and the 
valve and cap in the fill/discharge line are not leak tight. A temperature rise of 5°F could 
cause liquid to be discharged onto the external surfaces of the car. Also, if one of the vent 
flanges leaks, permitting the tank to be filled up so there is no air space, then the tank wi ll 
leak with any temperature increase . Since this last case is considered the most likely to 
result in a release, it was selected for evaluation. 

In the case evaluated, the tank car, due to equipment failure or improper use, would be com
pletely filled with waste at 60°F, leaving no expansion air space, and then transported to 200-W 
from the 300 Area. The trip would take two hours , with an average speed of 20 mph . On that 
particular day, the sun was assumed bright and the air temperature was 110°F . The rate of 
expansion of the liquid under these conditions wou ld determine the amount of liqu id released 
during transfer. · 

III . 2.7 . 1. 1 Probability of Event 

The absolute failure or leakage probability was not estimated because improper loading or sea l 
ing and plugging of the line can lead directly to some leakage. The mean t ime to fa i lure for 
valves, seals and gaskets is probably less than 20 years. Failure of these components might 
occur once every 10 to 20 years . 

II I . 2. 7. 1.2 Calculated Source Term for Leakage from an Overfilled Rail Tank Car 

In 1972, an estimated 47,000 Ci of radioactivity contained in 340,000 gallons of l iqu id wa s 
shipped to 200-W from laboratory operations (300 Area). Analytical data indicated that two cars 
contained the major fraction of this radioactivity. One car contained an estimated 21,000 Ci 
and another contained 10,000 Ci . The estimated amount of radioactivity shipped in each of the 
remaining 15 shipments ranged from 50 to 4,000 Ci . The radionuclide content of a typ ical ship
ment is shown in Table III.2-10. 

TABLE III . 2-10 

RADIONUCLIDE CONTENTS OF A TYP ICAL 
TANK CAR SHIPMENT FROM 300 AREA 

Radioisotoee 

Tota l Beta (a) 
Total Alpha (b) 

60co 

90sr 

106Ru _ 1 06Rh 

137cs 

Activity Contained in 
•Li quids and Sol ids, 

Ci 

Filtrate Sol ids 

572 3220 
0.84 2.50 

<0.45 (c) <3 .5 (c) 

23.0 27 .6 

3.18 30.2 

24 .3 2.88 

(a) Total beta is calculated as a hypothetical, nonvolatile nucli de 
emitting a beta parti cle of ·energy 0.3 Mev . 

(b) Total al pha is calculated· as 239Pu. 
(c) •Less than" is used when the results were below detection level 

concentrations in the shipments. 

For the postulated accident, the heatup rate was calculated to be 3. 75°F/hr . Based on the vol 
ume expansion of water with temperature, this rate of heating corresponds to a resu l t i ng liquid 
di scharge rate of about 10 gal/hr. The total amount which would be spilled in the 2 hour tr ip 
is estimated not to exceed 20 gallons. 
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The radioactive materials dissolved in the liquid could become airborne in two ways: l) fonna
tion of small droplets by film break-up and 2) small particles formed by the evaporation of 
solution. An estimate of 10% was used for the airborne release of the radioactive material from 
a tank car leak. The potenttal quantity of radioactive materials released is shown in Table 
I!I.2-11 . 

TABLE III.2-11 

SOURCE TERM FOR POSTULATED RELEASE 
FROM LEAKING TANK CAR 

Release Rate 
Quantity Released Ci/sec 

Radionuclide to Air 1 Ci {2-hr duration) 

Total Beta(a) 0.379 5. 26 X 10- S 

Total A 1 pha (b) 3.33 X 10-4 4.63 X 10-8 

60co <3.93 X 10-4(c) <5 .46 X 10-8 

90sr 5.06 X 10-3 7. 03 X 10-7 

106Ru-106Rh 3.34 X 10-3 4. 64 X 10-7 

137cs 2.72 X 10-3 3. 78 X 10-7 

(a) Total beta is calculated as a hypothetical, non
volatile nuclide emitting a beta particle of 
energy 0.3 MeV. 

(b) Total alpha is calculated as 23 9Pu. 
(c) "Less than" is used when the results were below 

detection level concentrations in the shipments . 

III.2 . 7.1 .3 Calculated Rad1ological Impact on Man 

The calculated radiation dose to the maximum ·individual and to the population within 50 miles of 
the postulated accident is g1ven in Table III.2-12. The values for the first year dose and the 
50 year dose conmitment are given. The leakage ts assumed to take place near the 300 Area, the 
nearest area to the City of Richland . 

III.2.7 . 2 

External 
Whole Body 

Inhalation 
Whole Body 

Lung 
Bone 

TABLE III.2-12 

RADIATION DOSE FROM A POSTULATED LEAKING 
RAIL TANK CAR SHIPMENT 

First Year Dose 
Maximum 

Individual, Population, 
rem man-rem 

9.4 X 10-9 9.2 X 10-7 

8.5 X 10-4 2.9 X 10-2 

1.5 X 10-2 7.lxlO -1 

3.3 X 10-2 1. 1 

50 Year 
Dose Conmitment 

Maximum 
Individual, Population, 

rem man-rem 

9.4 X lQ_g 

3.8 X 10-2 

3.7 X 10-2 

1.4 

9.2 X 10-7 

1.3 
1.4 
4.7 X 101 

Rail Tank Car Transeort Accident [X.4] 

Three rail tank car events were identified that could result in a major release from the tank: 
1) car derailment, 2) co11 .1s1on with another train, and 3) a grade crossing accident. The 
credible accidents would be similar to any other train accident. 
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The Hanford railroad is maintained to the standards of the Association of American Railroads 
through the full-time use of two track maintenance crews. The entire working portion of the 
railroad is inspected monthly, and repair work is normally performed as items needing attention 
are disclosed during the inspections. The safety of roadbed, ballasting, and condition of ties 
is routinely surveyed. In addition, the Sperry-Rand Rail Survey Car is used to perform ultra
sonic checks of all mainline trackage on a regularly scheduled basis. Defective rail revealed 
during the ultrasonic checks is replaced on a priority basis. Management frequently seeks 
advice and counsel of representatives of the local Class 1 railroads on technical matters 
relating to maintenance of the Hanford railroad. 

The Hanford railroad is operated very conservatively with dispatcher control (via radio) of the 
trains at all times. Standard train orders govern all train movements, and the conductor and 
dispatcher can be in radio contact with each other at all times. Operating speeds are governed 
by the nature of the material being moved. For example, movement of rail tank cars of radio
active material are made at conservative lower speeds, as contrasted to movements of co111T1ercial 
cars. Operating speeds are also governed by weather conditions whether or not radioactive 
materials are being hauled. 

The probability of rail accidents occurring was examined and the recurrence rate for an accident 
at Hanford involving mixed trains (more than just a tank car, which is normal pract ice for such 
shipments) was estimated to be once in 240 years. Grade crossing accidents which could result 
in tank failure were estimated to occur once every 1000 years. assuming the same train usage . 
Derailments would be expected to be caused by defective equipment such as trucks, wheels, and 
axles on non-Hanford maintained cars in a mixed car shipment. These would be expected to occur 
at high speed, outside the yard . 9 Although experience suggests that only one out of 100 derail
ments will cause a tank car to rupture, some cars ahead of a tank car may provide corners which 
could rupture a tank car. It is assumed that 10% of the derailments would result in a rupture 
of the tank car. Based on current Hanford practice and experiences. a derailment and a rupture 
of a tank car may occur at a rate of once every 2400 years. This frequency would be reduced t o 
once every 10,000 years if only the waste tank car is transported during a shipment. 

III . 2. 7.2.1 Calculated Source Term for Ra i l Tank Car Transport Accident 

The consequences of the tank car rupture with the entire contents of the tank spilling onto the 
ground was evaluated. It was assumed that the material was not covered over for a 12-hr period 
and that during this time some of the spill would dry up and blow away . The solids would stay 
in the top layer of soil and the liquid would soak into the ground . The depth of penetrati on 
would depend on the type of soil, the land contour and the volume of the spill. It appears 
likely that a 20,000-gal spill would soak into a depth of about 10 cm over 2 acres of land. As 
discussed in Appendix III-E , for liquid spills on soil . it is assumed that no more than O. 1% of 
the content of the tank would become airborne under the most adverse circumstances. Table 
III.2-13 give the source term for the postu lated release using the 0. 1% airborne release 
fraction. 

TABLE III.2-13 

SOURCE TERM FOR POSTULATED TANK CAR DERAILMENT ANO RUPTURE 

Radionuclide 
Total Beta(a) 
Total Alpha(b) 

60co 

90sr • 

106Ru.; 106Rh 

137cs 

Quantity Released 
to Air, Ci 

3.3 
2. 6 X lQ- 3 

<3.5 X 1Q-3(c) 

3. 0 X 10-z 

3. 1 X 10-2 

5. 3 X 10•3 

Release Rate 
Ci/sec 

(12-hr duration) 
7.6 X 10-S 
6.0 X 10-S 

<8.2 x 10-a(c} 

6. 9 X 10-7 

7. 1 X 10-] 

1.2 X 10•7 

(a) Total beta is calculated as a hypothetical, non
volatile nuclide emitting a beta particle of 

(b) 
(c) 

energy 0. 3 MeV. 239 Total alpha is calculated as Pu. 
"Less than" is used when the results were below 
detection level concentrations in the shipments. 
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III . 2.7.2 . 2 Calculated Radiological Impact on Man 

The calculated radiation dose to the maximum individual and to the population within 50 miles of 
the postulated accident is given in Table III.2-14. 

TABLE III.2-14 

RADIATION DOSE FROM A POSTULATED RAIL TANK CAR TRANSPORT ACCIDENT 

First Year Dose 
Maximum 

Individual, Population, 
rem man- rem 

External 
Whole Body 7.8 X lO_g 3. 0 X 10-6 

Inhalation 
Whole Body 5. 6 X ,0-4 5. 2 X 10-2 

Lung 1.2 X 10-2 1.1 
Bone 1.8 X 10-2 1.7 

50 Year Dose Commitment 
Maximum 

Individual, Populati on , 
rem man-rem 

7.8 X 10-9 3.0 X 10-6 

2.2 X 10-2 2. 1 
2. 7 X 10- 2 2. 5 
7. 7 X 10-l 7.1 xl01 

II I . 2.8 Solid Waste Transfer and Storage Operati on Accidents 

III.2.8 . 1 Fire from Vehicle Accident 

Contaminated sol id waste is generated in all Hanford facilities handling radioact i ve materials . 
The contamination varies with each building depending upon the nature of the development pro
grams and waste generating operation . The solid contaminated waste from each of the facilit ies 
is sorted and packaged by standardized waste disposal procedures. In accordance with these pro
cedures, contaminated solids integrally possessing less than 0. 05 Ci of beta and gamma emitters 
are packaged in 4. 5 ft 3 cardboard boxes. Additionally, the total amount of plutonium i n one of 
these boxes should not exceed 10 nCi/g of waste in the box. Waste with greater than these limits 
are shipped in 30 or 50-gal steel drums or treated on an individual basis, depending upon the dose 
rate on the surface of the container. Containers with a surface dose rate in excess of 100 mR/hr 
cannot be routinely handled without undue radiation exposure to transport workers . Solid waste 
with greater radioactivity than stated above is shipped in special containers with some form of 
shielding, such as concrete. 

The cardboard waste boxes are disposed of in burial trenches in the 200-W Area . Drums with sur
face dose rates less than 100 mR/hr are stored in the same trench. The special containers with 
higher dose rates are placed in burial caissons . Drums containing plutonium activity are taken 
to the 20-yr retrievable transuranic storage trenches. 

For this postulated event, a solid waste carrying truck bound for a burial ground is assumed to 
be involved in an accident with a resultant fire. A defective vehicle or spontaneous combustion 
in one of the packages while being transported could also lead to a fire. The probability of a 
truck accident occurring is 2.45 x 10-6 per mile. 10 Of those accidents, 1. 26% would result in 
fire. 11 Thus, the probability of an accident which results in a 30-minute fire is less than 
l x 10-7 per mile. On an annual basis, the loaded truck makes no more than 4 trips/week of 
35 miles; the total annual mileage for the loaded truck on the Hanford site is approximately 
7200 miles . The probability of an accident and ensuing fire is less than 10-3/year . Thus , 
the mean recurrence interval between probable dispersals of solid. waste during transport from a 
vehicle accident accompanied by fire is greater than 1000 years . 

III.2.8. 1.1 Calculated Source Tenn for Fire from Vehicle Accident ' 
The truck is assumed to carry a maximum load of 100 cartons of waste av~raging 20 pounds each 
and is involved in an accident just outside the 300 Area. Fifty cartons contain potentially 
contaminated plutonium waste in an amount equal to the allowable limit of plutonium (i.e., 
10 nCi/g) and the other 50 boxes contain a total of 5 Ci of mixed fission products, a factor of 
two greater than the allowed packaging limit. A fire lasting 30 minutes is assumed to ensue 
following the accident and 50% of the radioactivity is dispersed to the air. The value of 
30 minutes for the fire duration is based on the probable response time of the Fire Department 
and an analysis of transport accidents being carried out at Sandia Laboratories. This study 
indicates that less than one in four of this type of fire will last longer than 30 minutes. 
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Experiments carried out at Hanford12 13 indicate that from 10 to 50% of the material present in 
combustible waste can be expected to be airborne. In the consequence calculation, it is con
servatively assumed that the radioactive material followed the airborne ash and that there was 
no short distance fallout. The source term for this postulated accident is given in Table 
III.2-15 . 

TABLE III.2-15 

SOURCE TERMS FOR POSTULATED SOLID WASTE FIRE DURING TRANSPORTATION 

Total Fraction 
Inventory Released 

Radionuclide (Ci} (%} 
F.P. (a) 5 50 

239Pu 4,5 X 10-3 50 

(a) Assumed to be 90sr 

III . 2.B .1.2 Calculated Radiological Impact on Man 

Amount 
Released 

(Ci} 

2. 5 

2.3 X 10-J 

Release 
Rate 

(Ci/sec} 

1.4 X 10-3 

1. 3 X 10-6 

The calculated radiation dose to the maximum individual and to the population within 50 miles 
of the postulated accident is given in Table III.2-16. 

TABLE III.2-16 

RADIATION DOSE FROM POSTULATED FIRE ACCOMPANYING 
A WASTE VEHICLE ACCIDENT 

External 
Whole Body 

Inhalation 
Whole Body 
Lung 
Bone 

First Year Dose 
Maximum 

Individual, Population, 
rem man-rem 

6. 8 X 10-12 

1.9 X 10-2 

3.lxlo·l 
1.0 X 10-l 

3. 7 X 10•9 

-1 9.1 X 10 
1.5 X 101 

4.8 

III.2.8.2 Fire in Solid Waste Burial Trench 

50 Year 
Dose Corrmi tment 

Maximum 
Individual, Population, 

rem man-rem 

6.8 X 10.] 2 

4. 2 X 10-] 

7 6 10- 1 
• X 

2.9 

2. 0 X 101 

3,6 X 101 

) ,4 X 102 

Solid waste is routinely accepted and buried twice a week on the 200 Area plateau. The activity 
and volume of waste associated with an average and maximum burial day are shown in Tables 
III .2-17 and III.2-18, respectively. After the day's inventory of waste is placed into the 
burial trenches, a heavy equipment operator. using one of two bulldozers, covers the waste with 
clean dirt . Any waste which arrives after the operator began to cover the waste is refused 
burial and the truck must return the waste to its point of origin . Normally, high winds are 
no deterrent to burial unless rigging equipment is being used, in which case high winds would 
result in unsafe operation for riggers. 

Si nce the dry waste is combustible and can potentially contain reactive chemicals, fire by 
spontaneous combustion i s possible. In addition, sparks from vehicles, a carelessly thrown 
cigarette, or lightning could cause ignition. One significant fire in a buria l ground has 
occurred in the 30 years of Hanford operation. Based on this experience, the probability of 
a significant fire in a burial trench could be estimated at 0.03/year. However, this accident 
occurred when there was no requirement to cover the waste accumulated during each day . This 
requirement reduces the probability of a similar accident by the fraction of the time the 
burial ground is left uncovered at the end of the day and, of course, reduces the amount of 
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TABLE III.2-17 

CHARACTERISTICS OF DRY WASTE BURIED ON AN AVERAGE DAY 

Source ...!i2.:..... 
222-S Bld}. 
(Hot cell {: 
221 -T 14 

Laundry 9 

Misc . 5 

BNW 70 

HEDL 45 

(a) Fission Products 

Container 

30-ga l 

Cardboard boxes 

Cardboard boxes 

Cardboard boxes 

Cardboard boxes 

Cardboard boxes 

Cardboard boxes 

TABLE I II. 2-18 

Volume 
!ft3

~ 

30 

40 

60} 
40 

20 

300} 
200 

Activity, Ci 

20 . 0 F_.P_(a) 

0. 6 F. P. 

0. 1 F . P. 

<5 F .P. 

CHARACTERISTICS OF THE MAXIMUM VOLUME OF DRY WASTE BURIED ON ANY DAY 

Volume 
Source ...!i2.:..... Container {ft 3 } Activity, Ci 

222-S Bld} . t: 30-gal 38 70 F.P. (a) 
(Hot cell 

Cardboard boxes 100 3 F. P. 

221-T 22 Cardboard boxes 100} 
Laundry 22 Cardboard boxes 100 2 F.P . 

Mi SC. (Tank 22 Cardboard boxes 100 
Farms, etc . ) 

BNW 150 Cardboard boxes ~,oo} 
<10 F. P. 

HEDL 75 Cardboard boxes ,,.,350 

(a) Fission Products 

combustible and radioactive material available for involvement in a fire. A recurrence interval 
of once in 300 years is estimated for this postulated event. 

III.2.8.2.1 Calculated Source Term for Fire in Solid Waste Burial Trench 

It is assumed that the fire in the burial ground burns for 4 hours and that: 

• a total of 10 C1 of activity is accessible to the fire in the trench in cardboard boxes 

• the waste in the 30-gal steel drums is unaffected by the fire 

• waste is left uncovered due to trouble with the bulldozers. 

The source tenn for this postulated accident is given in Table III.2-19. 
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TABLE II I. 2-19 

SOURCE TERM FOR POSiULATED SOLID WASTE FIRE IN BURIAL GROUND 

Total Fraction Amount Release 
Inventory Released Released Rate 

Radionuclide {cq (%) {Ci} {CiLsecl 
F.P. (a) 10.0 so 5. 0 3.5 X 10-4 

239Pu 6.8 X 10-3 so 3. 4 X 10-3 2.4 X 10-7 

(a) Assumed to be 90sr 

III . 2.8.2.2 Postulated Radiological Impact on Man 

The calculated radiation dose to the maximum individual and to the population within 50 miles of 
the postulated accident is given in Table III.2-20. 

TABLE I II. 2-20 

RADIATION DOSE FROM POSTULATED FIRE IN SOLID WASTE BURIAL TRENCH 

External 
Whole Body 

Inhalation 
Whole Body 

Lung 
Bone 

First Year Dose 
Maximum 

Individual, Population, 
rem man-rem 

1.1x10-11 

1. 3 X 10-J 
-2 2.1 X 10 
-3 6. 3 X 10 

-9 9 . . ~ X 10 

4. 3 X 10-l 

6. 9 
2. 1 

III.2.9 Range Fire on Contaminated Land 

50 Year 
Dose Conmitment 

Max1mum 
Individual, Population, 

rem man-rem 

l.lxlo-11 

2.8 X 10-2 

5.0 X 10-2 
-1 1.7 X 10 

9.4 X 10-9 

9. 2 
1.7 X 101 

5.7 X 101 

As a result of Hanford Waste Management Operations, some isolated land areas have been contami
nated with varying amounts of radioactivity. A range fire on this la nd can serve as a release 
and transport mechanism for sane of the surface contamination. The contamination assoc iated 
with the plant foliage can be volatilized, while the contamination held by the top soil can be 
re-entrained by the wind erosion following a fire . Thus, a fire on contaminated land can be a 
potential release mechanism for presently stable surface or near surface contamination. 

Most of the contaminated land on the Hanford site is within controlled zones and was stabilized 
by covering the zone by clean overburden and/or by selective herbicide treatment. Since these 
areas are within operational areas, any fires would be quickly detected, controlled and the area 
restabi l ized. However, the B-C contro lled area, including the B-C Cri b near 200-E area, is a 
region of land contamination which is not inside an operational area . The B-C Crib Controlled 
Area is approximately 2,100 acres of typical desert terrain situated due south of the 200 East 
Area . A fire in this region could release some of the contained radioactivity . 

At present, the radionuclides in the area are associated with various contaminated materials on 
the surface and in the sandy soil to the depth of 8 inches or more . Transfer of the radio
nuc lides is bel i eved to be from urine , decay of rabbit fecal pellets, and possibly leaching of 
soluble materials from fecal pellets . 

The probability of a range fire burning the B-C Crib Controlled Area was estimated based on a 
10 year sunmary of such a fire at Hanford. (This sunmary is included as Appendix III-F . ) An 
average of 12 fires per year have occurred, ranging from less than 1 acre to less than 32,000 
acres. The median fire burns about 6 acres and occurs at the end of June. In the last 10 years 
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a total of three fires have burned an area at least as great as the B-C Crib Controlled Area. 
Based on these statistics , a probability of 2 x 10-3 per year was estimated for a fire burning 
the entire B-C Crib Controlled Area at about a 500 year recurrence rate. 

III . 2. 9. l Calculated Source Tenn for Range Fire on Contami nated Land 

The rad i onuclide i nventory in and above the top cm of soil i n the B-C Crib Controlled Area was 
est imated t o total 32 Ci of 90sr and 8 Ci of 137Cs held in the vegetation, organ i c debri s, 
animal droppage , sagebrush, and soil. For 137Cs the distribution is as shown in Table III . 2-21 . 

TABLE III.2-21 

POSTULATED DISTRIBUTION OF 137cs IN AVERAGE SQUARE METER PLOT 
(depth of 1 cm) 

Organic Animal 
Vegetation Debris Oroeeings SagebnJSh Soil 

Mass (Grams) 166. 7 522.2 45 .1 733 . 7 20862 .4 
Percent of 

Hass 0. 74 2. 33 0. 20 3.28 93 . 44 
Ac ti vity 

9. 10 X 10- 3 1. 90 x 10-1 4. 59 X 10-Z 1.19 X 101 ( 11Ci) 1. 11 
Percent of 

Acti vi ty 0. 1 1. 4 8. 3 0. 4 89.8 
Specifi c Activ-

5.46 x 10-5 3.64 X 10-4 2. 46 x 10-2 6.26 x 10-5 5.70 X 10-4 ity (11Ci /g) 

The f i re was assumed to have burned the entire area and released 10% of the radioacti ve materia l . 
(The source term for this postulated event is shown in Table III . 2-22 . ) The Hanford site exper i
enced within recent years several large range fires in which the burning rate ranged from 200 to 
350 acres per hour . Based on this rate, the release was assumed to occur over a 6-hr period . 
This 10% release has been demonstrated .as conservative by an experiment conducted where flam
mable materials collected from the B-C Crib Controlled Area were burned . In th i s experiment , 
only 0. 04% of the 137Cs was made airborne at a windspeed of 2. 5 mph at l foot above the 
surface. 12 , 13 

TABLE III.2-22 

SOURCE TERM FOR POSTULATED RANGE FIRE ON B-C CRIB CONTROLLED AREA 

Radionucl ides 

137cs 

90Sr 

Quantity Released 
to Air, Ci 

0.8 

3. 2 

Release Rate 
Ci/sec 

(6-hr duration) 

3. 7xl0-S 

1.5 X 10-4 

Following such a fire, the area would probably take some time to stabil i ze. The flanmables 
would be burned to sane extent . Thus, some release of the remaining activity i n the flammable 
material would follow the fire. About 50% of this remaining activity would be released over a 
24 hour period . The source tenn for this postulated event is shown in Table III . 2-23 . 

TABLE II I. 2-23 

SOURCE TERM FOR POSTULATED WIND DISPERSAL OF REMAINING ACTIVITY 
FOLLOWING A FIRE IN THE B-C CRIB CONTROLLED AREA 

Radionuclides 

137cs 

90sr 

Quantity Released 
to Air I Ci 

3.2 

12 

III.2-24 

Release Rate 
Ci/sec 

(24-hr duration) 

3. 7 x 10-5 

1.4xlo-4 
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III.2.9.2 Calculated Radiological Impact on Man 

The calcu lated radiation dose to individuals and to the population within SO miles of the postu
lated acc ident is given in Table III.2-24 for the direct effect of a range fire and in Table 
III.2-2S for the effects of wind dispersal of radioactive materials following a range fire. 

TABLE II I. 2-24 

RADIATION DOSE DUE TO POSTULATED FIRE ON CONTROLLED AREA 

First Year Dose 
Maximum 

Individual, Population, 
rem man-rem 

External 
Whole Body 2.7 X 10-7 1.0 X 10 -4 

Inhalation 
Whole Body 1.0xl0-3 2.8 x 10-l 
Lung 1.7 X 10-2 4.7 
Bone 3.8 X 10-3 1.0 

TABLE I I I. 2-25 

SO Year 
Dose Corrrnitment 

Maximum 
Individual, Population, 

rem 

2.7 X ]Q-7 

2.0 x 10-2 

4. 2 X 10-2 

8.3 X 10-2 

man-rem 

1.0 X 10-4 

5.5 
1.1x101 

2.3 X 101 

RADIATION DOSE DUE TO POSTULATED WIND DISPERSAL 
AFTER FIRE ON CONTROLLED AREA 

50 Year 
First Year Dose Dose ConmitJnent 

Maximum Max1mum 
Individual, Population, Individual, Population, 

rem man-rem rem man-rem 
External 

Who.le Body 4.4 X 10-7 4.2 X lQ-4 4. 4 X lQ-7 4.2 X 10 -4 

Inhalation 
Whole Body 2. 9 X 10•3 1.1 5.8 X 10-2 2.lx101 

Lung 5.0 X 10•2 1.8 X 101 1.2 X 10-l 4.3 X 101 

Bo~P. 1.1 ~ 10-2 3.9 2.4 x 10-l 8.5 X 101 

III.2.10 Criticality at Ground Disposal Sites [X. 10, X.25] 

Several ground disposal sites in the 200 Area which, in the past, were used for the disposal of . 
low and intennediate-level waste have accurrulated kilogram quantities of plutonium (Table 
III.2-26). With the exception of U Pond, these sites are referred to as covered trenches. The 
designs vary considerably. The Z-9 Crib is a large enclosed area, 20 feet deep with a 60 by 
120-ft concrete roof and a dirt floor of 60 by 30 feet. Some others consist of underground 
caverns wi t h wooden cribbing to prevent cave- in and are covered with earth, whereas some are 
like underground tile fields. These cribs are no longer used for disposa·l of plutonium. 

The water in the low-level waste streams drains into the ground, and the plutonium remains 
within the top soil layers . This occurs either because the plutonium is in the fonn of solids 
and is fil t ered out or because it is in a soluble form and is adsorbed by the soil. In either 
case, the plutonium concentrates in the top few feet of soil . Once the site is deactivated, it 
will begin to dry out as it reverts back toward its original state. The presence of water has 
three effects: 1) water acts as a neutron absorber, which reduces reactivity, 2) water mod
erates (slows down) the neutrons, which increases reactivity, and 3) water located around or 
adjacent to plutonium reflects neutrons back into the system, which increases reactivity. 
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TABLE I I I. 2-26 

ESTIMATED INVENTORIES OF PLUTONIUM IN DISPOSAL SITES 14 

Disposal Site 

216-U-10 
U Pond and Ditches 

216-B-7 
224-B, 221-B 5-6 Cell and 
Construction Waste 

216-S-l and 2 
Redox Process Condensate 

216-T-32 
224-T Waste 

216-Z-lAA 

216-Z-lAB 

216-Z-lAC 

216-Z-1 and 2 

(a) "Z-9" Crib. 

Plutonium 
( kg) 

8.3 

4.3 

1.2 

3.2 

30. 

17. 

11. 

7. 0 

Disposal Site 

216-Z-3 

216-Z-4 

216-Z-5 

216-Z-6 

216-Z-7 

216-Z-8 

216-Z-9(a) 

216-Z-10 

216-Z-12 

216-Z-16 

216-Z-17 

216-Z-18 

Plutonium 
( kg i 
5.7 

0. 002 

0. 34 

0. 005 

2. 0 

0. 05 

38. {b) 

0.05 

25 . 

0.07 

0. 05 

22 . 

(b) Reference 15 estimates the system to contain between 25 and 70 kilograms of plutonium. 

NOTE: The accuracy of these estimates is ±30%. The numerical values were re-examined throughout 
the text and corrected where indicated. 

As the site dries out, neutron · absorption and reflection decrease and the average energy of the 
neutrons increase. The net effect in the Z-9 crib was a possible slight increase in reactivity, 
but far frcm the amount of increase necessary for criticality to occur. A most probable neutron 
multiplication factor (keff) for the Z-9 crib was identified as 0.5, well below that required 
for criticality . 16 It is believed that other trenches, as they dry out, will have a lesser 
reactivity increase than Z-9 or even a decrease in reactivity. 

The addition of water to a crib or trench at the optimum water concentration would then make the 
system more reactive by the addition of a reflector. Too much water would once again poison the 
system. For the system to reach criticality, sufficient plutonium must be available and the 
soil and water must be physically rearranged. 

For the above postulated event to occur, there must not only be a total lack of monitoring, but 
there must also be a total lack of administrative control, to the extent that man must actually 
take positive action to make the crib or trench critical, i.e., rearrangement of the plutonium 
and soil in the trench which became flooded. For this reason, criticality in these trenches is 
not considered ' credible under the present mode of operation and no accident analysis was per
fonned. Also, it is currently planned to mine th.e 216-Z-9 crib for recovery of the plutonium, 
thereby greatly reducing the contamination of the facility. Infonnation obtained from this 
mining operation will provide input for any decision concerning the other trenches. 

III.2. 11 Effects of Natural Forces [RPB] 

Consideration of the environmental impact of potential accidents must also include possible 
initiation by natural forces such as flooding, seismic activity, tornadoes, etc. The following 
is a discussion of Hanford waste management facilities with regard to the potential effect of 
natura 1 forces. 
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III.2. 11.1 Effect of Natural Forces on Radioactivity Stored in the Ground 

No credible natural forces event other than major flooding by the Columbia River (described 
later) can be postulated that will release a significant amount of radioactivity from the ground
water or ground storage sites. 17 Natural forces evaluated include those resulting from seismic 
activity, heavy rains, heavy snow melt, flooding, tornadoes, and high winds. Increased rate of 
movement in ground or in groundwater can only arise from the addition of inordinate amounts of 
water which is far in excess of what can be credibly considered to arise from rains, snow melt 
and flooding. 18 

The selection of ground storage sites was based on extensive geological data and considerable 
soil measurements of cation exchange capacity. Essentially all sites are below the ground sur
face in which at least 4 feet of ground cover have been applied. These sites are not subject to 
disturbance by winds an.d tornadoes for the foreseeable future. 

III.2.11.2 Capability of Facilities to Resist Natural Forces 

Natural force resistance has been included in the designs of Hanford's waste management facili 
ties over the past 30 years using state-of-the-art knowledge and applicable criteria at the time 
of the design. Natural force resistance criteria (seismic and wind) for various waste manage
ment facilities are su1T111ari zed in Table III . 2-27 and beneficial use dates are listed. 

III.2 . 11.2. 1 Designs for Seismic Activity [RPB] 

Diff erent structural design practices have been used on Hanford waste management facilities in 
the time periods 1943 to 1949, 1949 to 1968, and 1968 to the present. 

1943-1949: In the period 1943 to 1949, preceding the inclusion of seismic provisions i n the 
.Un1fonn Building Code, Hanford's above ground waste management structures were designed for 
static, vertical live and dead loads. Design calculations were performed manually and approx i
mation techniques were used for indeterminate structures. Lateral wind forces, based on pro
jected area, were included in the designs. During this period, Hanford was designated as a low 
intensi ty, minimum occurrence earthquake zone. Thus, only small lateral earthquake des ign 
forces related to the mass of the structures were considered . 

In this same period, below ground waste tank structures were designed for: 1) static loads from 
soil backfill, 2) live loads on the ground above, and 3) internal hydrostatic pressures. Empiri 
cal design data for concrete cylinders and dome shell structures were used. Design and operat i ng 
considerations were included for the elevated temperatures to be encountered. Wind forces were 
not considered fo r the buried structures . Buried structures have considerable i nherent earth
quake resistance because they are stiff and strong as requi red to support the backfill, and a 
properly placed backfill will restrict relat ive motions between the structure and ground during 
an earthquake. 

1949-1968: In the period 1949 to 1968, Hanford's above ground waste management structures were 
designed for static, vert ical live and dead loads in accordance with the Uniform Build i ng Code 
which included seismic provisions. Design calculations were performed manually. State-of-the
art improvements in designs, construction practices and construction .materials were incorporated . 
Lateral wind forces related to areas and lateral earthquake forces related to the mass of struc
tures were specified according to the Uniform Building Code seismic provisions which designated 
Hanford as Zone 2. Designs of below ground structures were similar to designs of the time 
period 1943-1949 but included provisions for some increases in waste tank temperatures. 

1968 to date: Since 1968, Hanford's above ground waste management structures , facilities, and 
equipment have been designed for the most severe possible combination of dead , live, and operat
ing loads plus seismic forces f rom a maximum credible earthquake . Rigorous state-of-the-art 
analyses, i ncluding dynamic elastic analyses for 0.25 g* ground mot i ons are performed using 
digital computers. The structures must have the capacity to resi st the above conditi ons and 
maintain radi ological safety dur i ng and after experiencing the 0.25 g ground accelerations. 2 6 

* A unit of acceleration equal to 9.807 m/sec. 2 
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TABLE II I. 2-27 

NATURAL FORCE DESIGN PARAMETERS FOR WASTE MANAGEMENT FACILITIES 

Dynamic Static 
Seismic Structural 
Design Design 

Earthquake Uniform Winds 
Magnitude 6.8 Buildin} Circular 

Waste Management Facilitl {lear} 0.25 g Code(a (Tornado) Straight 

Double-wall Underground Waste X (c) X 
Tanks (1971-1974) (Boiling Waste) 

Single-wall Underground Waste (c) X(b) X 
Tanks (1944-1974) 

Fractionization (B) Plant ( 1944) (c) X X 

waste Encapsulation Plant ( 197 4) X (c) X 

242-S Evaporator (1973) X ( C) X 

242-A Evaporator ( 1976) X (c) X 

AR Vault ( 1968) X X 

CR Vault ( 1952) X X 

242-T Evaporator (1951) X X 

ITS-1 Evaporator ( 1965) X X 

ITS-2 Evaporator ( 1967) X X 

Sluicing Facilities ( 1968) X X 

Decontamination (T) Plant (1944) (c) X X 

222-S Laboratory (1952) X X 

Boiling Tank Vent System ( 1971 ) X X 

(a) Early site structures were designed for static, vertical live and dead loads and have 
limited seismic resistance, since the Hanford site was classified as a low intensity, low 
frequency earthquake zone. Later a classification was made as Zone 2 on the Uniform Build
ing Code Seismic Risk Map and currently as an area of moderate to low seismicity. Some 
seismic resistance is inherent in structures because of design for winds (lateral forces), 
nonstructural elements (reserve strengths), stability requirements, limits on deflections, 
plus safety factors included in design and working stress values for materials. 

(b) Buried structures have considerable inherent earthquake resistance because they are stiff 
and strong as required to support the backfill, and the backfill will restrict relative 
motions between the structures and ground during an earthquake. 

(c) Discussed in text. 

The maximum credible earthquake for the Hanford site is postulated to be a Richter Magnitude 6.8 
eartnquake (with an epicentral distance approximately 10 miles from the Hanford waste management 
facilities) which produces a maximum horizontal ground acceleration at the waste management 
facilities of 0.25 g and a simultaneous vertical ground acceieration two-thirds of the hori
zontal acceleration. 19 The 0.25 g earthquake has an occurrence associated with an unlimited 
time span per occurrence whereas the probability of 0.20 g would be once in 16,700 years, 
0.15 g once every 4,000 years, 0.10 g once every 1,850 years, and 0.05 g once every 840 years. 20 

Since 1968, structural designs for below ground concrete waste tanks have included elastic and 
nonlinear time dependent analyses, which account for creep and cracking in the structure, for 
dead, live, thermal, pressure, and hydrostatic loads. Rigorous dynamic, finite element analyses 
of the tank structure for the 0.25 g ground motions are performed. The overall adequacy of the 
tanks are assessed under the combined service loads and the 0.25 g ground motions. 21 
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III.2. 11.2.1.l Previous Seismic Activity 

The largest local earthquake of historical record occurred at Corfu, a few miles north of the 
site, in 1918. Various damage estimates have been reported resulting in a classification of 
Modified Mercalli IV or V. Estimates of the peak ground acceleration made for this Corfu event 
range from 0.01 to 0.03 g. 

III.2.11.2. 1.2 New Facilities 

Table III .2-27 shows that the newer facilities, the Double-Wall Underground Waste Tanks (1971-
1974), the Waste Encapsulation Plant (1974), the . 242-S Evaporator (1973), the 242-A Evaporator 
(1976), and the Boiling Tank Vent System (1971) include 0.25 g seismic forces in their designs . 

III.2.11.2.1.3 Single-Wall Underground Waste Tanks 

In 1969 to 1971, Illinois Instit~te of Technology .performed a "Strength and Stress Analysis for 
Waste Tank Structures at Hanford, Washington." Results of analyses of the A Farm single-wall 
underground waste tanks for 0.25 g seismic forces "indicate no additional risk of containment 
loss beyond the risk associated with static loading . "22 

III . 2.11.2 . 1. 4 Fractionization B Plant 

A preliminary assessment has been made of the capabil ity of the Fractionizati on B Plant Canyon 
Building to withstand strong earthquake ground motions with a 0. 25 g peak horizontal accelera ti on 
(Richter Magnitude 6.8, epicentral distance approximately 10 miles). Results of a first phase 
elastic analysis indicate that the canyon walls would be substantial ly overstressed near the roof 
(above the crane rails) and at the canyon wall-gallery sl ab intersections. The overstress ing 
would be due to high bending moments. Primary load bearing, reinforced concrete wa ll s in the 
B Plant canyon would be damaged in the event of 0.25 g ground motions. Technical judgment is 
that these walls will be able to experience this overstressing, to have the capacity to satisfy 
the 0.25 g earthquake ductility demands and lateral loads, and to avo id collapse, such that pro
cess cell integrity can be mainta ined. A second phase inelastic ana lysis will be performed t o 
finally establish if this i s the case. · 

Seismic analyses and evaluations of the B Plant cool i ng water piping (outs ide t he bui ldi ng, in 
the pipe gallery, through the cells) plus the emergency power and pumping systems have not been 
made. Problem areas requiring at least the need for minor modifications would be revealed by 
such anal yses. 

The three HEPA filter cells for the B Plant exhaust ventilati on air do not have potential seismic 
problems like those found during the review of the sandfilter; these filter cells are the units 
normally in use. A review of design drawing fo r the B Plant exhaust ventilation air sandf il ter 
(backup) revealed potential structural deficienc i es such that additional sei smic resistance stud
ies will be perfonned. 

Deta i led seismic analyses of the B Plant reinforced concrete ventilation exhaust· stack have not 
been made, but little or no damage was noted in stacks of this type after the 1971 San Fernando 
earthquake. 

The B Plant has not been affected by the low seismic forces experienced during its 30-yr ac tive 
life . No structural damage nor radiological impact is expected from the low seismic forces 
expected in its projected remaining operating life (approximately 10 years). 

III .2.11 .2. 1.5 Other Structures 

Seismic effects on the Decontamination T Plant (1944) would be similar to those for the Frac
tionization B Plant (1 944) since these structures are virtually identical . 

Other waste management structures such as the AR Vau lt (1968), the CR Vault (1952) , the 242-T 
Evaporator (1951), the ITS~l Evaporator (1965) , the ITS-2 Evaporator (1967 ) , Slu ici ng Facili t ies 
(1968), and the 222-S Laboratory (1952) have not been analyzed. for the effects of 0. 25 g seismic 
forces. 

III.2.11.2.2 Designs for Winds 

Hanford's waste management facilities have been designed to withstand straight winds according to 
the Uni form Building Code. At Hanford , a peak gust wi~d (straight) of 80 miles per hour was 
measured on January 11, 1972 at the 50-ft level of the HMS Tower. Hanford's waste management 
facilities have not been designed to withstand tornado (circular) winds. Tornadoes are rare in 
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the Hanford region and tend to be small; their occurrence is associated with little damage. On 
June 16, 1948, a tornado was observed near the east end of Rattlesnake Mountain approximately 
10 miles south of Hanford's waste management facilities, and no damage resulted. 

Current policy and · practice impose a criterion 23 that those facilities which contain fissile 
radioactive materials such as reactors and structures for the storage23 of plutonium shall be 
able to withstand: 

Wind force - horizontal wind of 175 mph, over the full height of the structures 

Pressure transient - 0.75 psi atmospheric pressure drop in 3 seconds, and return at the same 
rate 

Missiles -

• 2" x 12" plank, 12-ft long, traveling end-on at 100 mph, at any height 

• 4' x 8' plywood sheet, 3/4" thick, traveling end-on at 150 mph, at any height 

• 26" x 20' sheet of No. 20 corrugated steel siding traveling end-on at 150 mph, at any 
height 

All facilities covered by the Hanford Plant Standard SDC-4. 1 category have been modified to with
stand the specified loading . Most of the waste management facilities are massive concrete struc
tures inherently resistant to tornado forces. Utility lines to these facilities and ventilation 
exhaust systems from these facilities do not possess this inherent tornado resistance. 

The exhaust ventilation filters for the Waste Encapsulation Plant (1974) have been located below 
grade which would provide protection from tornado forces . The heavily shielded interior cells of 
the Waste Encapsulation Plant (1974) would receive little damage from a tornado. 

The reinforced concrete walls of the 242-S Evaporator (1973) and the projected 242-A Evaporator 
(1976) are thick, providing resistance to tornado forces. Ventilation exhaust capability from 
these facilities could be damaged by a tornado. Both facilities possess an inventory dumping 
capability to return the radionuclide inventory to underground storage tanks in a few minutes. 
The relatively low (3 Ci/gal) radionuclide concentration of the liquid in the evaporator system 
would not create a severe radiological impact during and following a tornado. 

The most vulnerable waste Management Operations facility to tornado forces is a boiling waste 
tank farm system, because the above ground facilities are not protected or shielded and the radio
nuclide concentration is sufficiently high to continue boiling for long periods of time . An 
evaluation of the effects of a tornado on a boiling waste tank farm system is included below. 

Hanford's boiling waste tank fann systems above ground support facilities were not designed to 
withstand tornado winds. They would withstand straight winds according to the Unifonn Building 
Code. The probability of a tornado hitting a boiling waste tank farm system at Hanford is 
approximately six in a million per year. For a large tornado, the probability would be much less 
because of the specific meteorological conditions present in the Pacific Northwest east of the 
Cascade Mountains. Significant damage to the above ground facilities and utilities could be 
experienced. 

These "surface" utilities and facilities consist of steam, normal electrical power, emergency 
electrical power, instruments and controls, cooling water, "make-up water" systems (to replace 
that boiled off), condensers, instrument air, circulator process air, de-entrainer vessels, 
liquid seals in vapor system, buildings housing instruments and equipment, and_ ventilation 
heaters, filters, exhausters, and stack. Depending on the specifics of the tornado and the area 
hit, part or most of these utilities and facilities could be damaged. 

If the air lift circulators are not reactivated within 12 to 24 hours, temperature gradients 
could develop in the sludge and cause "bumps" (or "burps"), as experienced in the past. These 
bumps are the result of steam bubbles which build up at localized points within the liquid. The 
calculated vacuum transient within a boiling waste tank is expected to be less than 1 psi damp
ened by increased boil-off from the liquid surface. From past experience the tank contents are 
not expected to burp or bump. 

A preliminary assessment of the impact of the tornado concludes that no structural damage would 
be experienced by the underground tanks and their envelope structures. Credible tornado damage 
has not been postulated which would seal the tank farm vapor system. Calculated effects were 
negligible for pressure transients for the boiling waste vapor system if the tank farm were hit 
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by a tornado. Two factors dampen the pressure transient: 1) resistance to flow in the vapor 
system and 2) vapor boil-off from the thennally hot liquor as the pressure is reduced. 

Should a Hanford boiling waste tank farm be hit by a tornado and the "surface" utilit i es and 
facilities be damaged, the activity release from the vapor system during the tornado has been 
estimated in the range of a fraction of a curie to a few curies. No signifi cant adverse effects 
should be experienced offsite by such a release, and activity at the Hanford si te boundary 
should be less than the maximum permissible air concentration for uncontrol l ed areas set by 
ERDAM-0524. Following destruction of the surface utilities and facil i ties, radioactive mater ial 
could be released in the unfiltered noncondensed vapor at a rate estimated at less than 10 Ci/ hr ; 
this release rate should not create an offsite problem but could create a local si te prob lem 
which would require recovery operations. Re-establisl"ment of control could be ef fec t ed wi th in 
48 hours . 

III.2 . 11.3 Columbia River Flood [RPB, X.8] 

Disposal of radioactive and chemical waste at sites adjacent to the process ing area wa s pre
viously a conman waste management operations practice at Hanford . So li d waste buri al grounds , 
cribs for low-level liquid waste, and waste retention basins are located i n the 100 Areas and 
the 300 Area . The only sites remaining active in these areas are for 100-N Area . Because of 
their proximity to the Columbia River, the impact of i nvol vement and release of some of t he con
tents of these waste di sposal sites during flooding i s eval uated . 

Ma terial wh i ch may be vu l nerable for dispersa l during a flood i nclude : 1) t he bur i ed sludge in 
t he retent ion and storage basi ns i n some of the 100 Areas , 2) the content of the 1301 -N Cri b, 
and 3) t he 100 and 300 Area buri al grounds . The radioactive mater ials i n the deacti va ted 
reactor buil di ngs are assumed not to be affected si gnifi cantl y by a fl ood i ng cond iti on and are 
ignored in th i s analysis . 

Rad ioactivity in t he 100 Area buria l grounds i s found i n a divers i ty of carr i ers inc luding paper , 
rags, wood , structural concrete and steel , and a variety of metal objects of alumi num, st ee l and 
Zircaloy . At the time of burial , more than 99% of the radioactivity was contained i n a so li d 
metal ·matrix. The remainder was surface contamination accumulated over a peri od of time f rom 
the coolant stream. Thi s "crud" conta i ns bo t h activati on and f iss ion products. 

The radioactivi ty conta i ned in the metal is primarily in the form of activati on products , with 
the maj or contribut or being 60co . The source of th i s acti vity is irrad i ated al umi num process 
tubes and durrmy fuel elements. Other metall i cally-contained activi t y inc l udes : 

• 9Szr -95Nb in Zircaloy process t ubes 

• GSzn in al umi num t ubes 

• 59Fe and GOCo in steel reactor components . 

The primary radioactivi ty found i n the sludge and soi l sur roundi ng the 100 Area ret enti on bas i ns 
is 152Eu and 23 9Pu. Most predomi nant i n the i rradiated fuel bas i n s ludge are 30Sr and 137Cs . 

The 300 Area buri al grounds and retention basins are estimated to conta i n si gn ifi cant amoun ts of 
uran i um and copper from past and present operations . The amount of ur anium has been est imated 
to be about 30 metric ton (MT) (~10 Cf). The i nventory of copper i n the retent i on bas i n has 
been estimated to be 200 MT (the range on this number is from 150 t o 220 MT ). An est imated 
300 Ci of 147Pm and 10 Ci each of 90 sr and 137Cs are buried near the 307 Building as a result of 
a spill i n 1970. 

III . 2. 11. 3.1 Postu l ated Probable Maximum Flood 

The fl ooding conditi on used i n the f oll owing ana lysis is the dam regulat ed "Probable Max imum 
Flood" (PMF ) prev i ous ly predicted24 by the U.S. Army Corps of Eng i neers . This pred icti on was 
derived us i ng extensive data and computer modeli ng t echniques and i ncorporat i ng assumptions of 
a combi nati on of conditi ons _which were the most severe cons idered "reasonably possib le" f or t he 
Columbia River Basin . (a ) · Cont ribut ing factors of wi nter snow accumu lat ion, spring mel t i ng and 
runof f -season ra i nstorms were maximi zed . 

(a) The Basin ' s 260,000 square miles i nc l ude major parts of the States of Wa shi ngton, Idaho and 
Oregon, small segments of Montana, Wyoming , Utah and Nevada, and most of the Southeastern 
portion of the Canadian Province of Bri t i sh Columbia. 
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The basic cause of the PMF would be spring snowme1t runoff following exceptionally cold and wet 
weather during the October to April snow accumulation season. It was assumed that, over the 
Columbia River Basin as a whole, the October to April precipitation equaled 1.3 times the normal 
annual precipitation. Unusually rapid melting due to meteorological conditions was predicted as 
a result of the assumption of extreme seasonal values for air temperatures, dew point, solar 
radiation albedo, and wind speed. 

In addition, two hydrologically significant (the most severe considered "reasonably possible") 
basin-wide rainstorms were assumed. It was assumed that rain contributions to the PMF fell 
entirely during two 5-day periods during the snowmelt season. The first was arbitrarily chosen 
in mid-May, the second was timed to maximize the natural peak discharge of the lower Columbia 
River. 

In Table III .2-28, the discharge rate of the dam regulated PMF flood was compared24 along with 
others to the calculated natural discharge rate of the PMF at The Dalles, Oregon. The comparison 
was made at The Dalles because it is a key gauging station with daily records back to 1878 and 
maximum discharge records back to 1858. Also shown in Tab.le III.2-28 for comparison is a flood 
calculated to be the most severe, using assumptions "reasonably ;h,racteristic" of the Columbia 
Basin. This flood is called the "Standard Project Flood" (SPF) . laJ For the dam regulated PMF, 
the discharge rate remains greater than 80% of the peak rate for almost a month. Consequently , 
inundated regions would be subjected to erosion for an extended period . 

Flow rates along the Hanford Reservation are considerably less than that indicated in Table 
III.2-28 because the Snake and other smaller rivers empty into the Columbia River downstream 
from Hanford. Upstream from Richland, the Corps of Engineers app li ed a regional adjustment to 
the peak discharges predicted in Reference 24 . This increases the peak discharge predicted for 
the regulated PMF from 1.36 million cfs to 1.44 million cfs. Therefore, this latter value rep
resents the flow rate at the Hanford site that is reasonably possible as a result of natural 
phenomena during the present era of river management. 

TABLE III.2-28 

PREDICTED AND MEASURED PEAK DISCHARGES OF THE COLUMBIA RIVER AT THE DALLES. OREGON 

~ 
Natural Probable Maximum Flood (PMF) 
Regu 1 a ted PMt= 
Natural Standard Prcject Flood (SPF) 
Regulated S?F 
Greatest Peak of Record (1894) 
2nd Greatest Peak of Record (1948) 
3rd Greatest Peak of Record (1876) 
100 yr. Frequency Natural Peak 
100 yr. Freq . Reg. Peak as of 1975 
Hean of Obs . Annual Peaks 
Greatest Median Daily Discharge 

Peak Discharo~ 
11000 cfs · 

2,660 
21060 (a\ 

1,550 
840 

1,240 
1,010 

958 
1,200 

690 
583 
495 

(a) The Col1111bia River flow rate in the Hanford area used 
analysis for this flood condition is 1.44 x 106 cfs. 

Ratio of 
Each Peak 

to Natural PMF 

1.0 
0.77 
0.58 
0.32 
0.47 
0.38 
0.36 
0.45 
0.26 
0.22 
0.19 

in this 

Portions of the Hanford site that would be inundated during the PMF are shown on the map of 
Figure III.2-5. The reactor areas inundated are 100-N, -0, -H, and -F. Virtually all of the 
populated area of Richland 1s inundated while most of the 300 Area becomes an island. 

With the 100-yr flood as the basis, an estimate was made of the probability of the PMF occurring. 
The discharge rates for the PMF are more than double the corresponding peak discharges for the 
100-yr frequency flood. Since the 100-yr discharge rate is similar to the SPF (Tab1e III.2-28), 
the difference in the frequency can be credited with the October to April precipitation accumula
tion. (The SPF October to April precipitation is assumed equal to the normal annual precipitation . 
For the PMF, the October to April precipitation is assumed to be 1.3 times the nonna1 annual 
preci pi tati on.) 

(a) The "Standard Project Flood" 1s related to a general Columbia River condition and not meant 
to be inferred as the condition of the Columbia R1ver at the Hanford Reservation. 
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FIGURE III.2-5 MAP OF FLOOD POTENTIAL 

In addition to unusually great winter snow accumulation, both the SPF and the PMF require unusu
ally hot sunny spring weather and two unusually heavy, basin-wide spring storms (with the PMF 
assumptions more extreme than the SPF ones). Clearly, the compounding of probabilities for 
these additional assumptions requires for the PMF an average recurrence frequency of many thou
sand years. Si nce climatic changes inval idate extrapolations for thousands of years based upon 
data accumulated i n the last century, a more prec ise estimate of this quantity is not feasib le. 

III.2 .11.3 .2 Calculated Source Term for Probable Maximum Flood 

In the postulated flood, erosion of protective cover over buried radioactivity was assumed and 
thus , some fraction of the radionuclides could be picked up by the river . The movement of acti
vated meta llic pieces. such as dummy fuel elements , down the river is considered a possibility 
under this degree of flooding. Entrainment might be possible of major portions of the sludge 
and uranium and copper contaminated soil but not for metal objects in which 60co was produced by 
activation. Nevertheless, buried metal objects do corrode and at widely varying rates . But 
before much of a metal object was corroded away, radioactive decay would reduce its 6 0co act iv
ity to i nsignificant levels . Since corrosion rates in the soil cannot be well defined due to 
the variation of storage environments, all uncontained radionuclides with half l ives exceeding 
l year (including the 60co in the metal) and all other chemicals, in all inundated areas shown 
in Figure III .2-5. are assumed entra ined during a 24-hr period at the peak of t he PMF of the 
Columbia River . These materials are assumed to be soluble and uni formly mixed into the quantity 
of water equal to 24 hours flow at 1.44 x 106 cfs (3. 53 x 1012 liters). 

Table III. 2-29 presents the quantities of copper and radionuclides assumed released (the con
tents of the 1301-N Crib and of the 100-0, -H, and -F burial ground, the radioactivity in the 
retention and storage basin sludges and surrounding soils in these 100 Areas, and radioactivity 
buried in the 300 Area) . Also tabulated are the resulting concentrations of individual radio
nuclides or mixtures of individual radionuclides in the flood waters. 
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TABLE II I. 2-29 

STORED RADIONUCLIDE QUANTITIES (Tl/2 > 1 YR) AND TOXIC CHEMICALS INUNDATED BY THE PEAK FLOW 
OF THE PROBABLE MAXIMUM FLOOD OF THE COLUMBIA RIVER AND THEIR CONCENTRATIONS 

IF MIXED WITH 1 DAY'S RIVER FLOW AT THE PMF PEAK 

Estimated 
Quantity Concentra r ~n 
Released in River, b 

Radionuclides {curies} fa!Citmt} 
60co 11 ,400 3.2 X 10-6 

90sr 60 1.7 X 10-8 

90sr. 137cs, 239Pu(a) 40 1.1 X 10-8 

137Cs, 134cs 450 1 .3 X 10-7 

152Eu, 239Pu(a) 200 5.7 X 10-8 

lO¾u 80 2.J X 10-8 

u 10 2.8 X lO_g 

147Pm 300 8.5 X 10-8 

Toxic Chemicals grams !eeb} 

Copper 2 X 108 52 

(a) For purposes of dose evaluation, the activity will 
be assumed to be equally divided among the components 
of these mixtures. 

{b) The material was assumed to be all released to the 
river in one day and diluted by the volume of the 
PMF {144 x 106 cfs or 3.53 x 1012 liter/day). 

III.2. 11.3.3 Calculated Radiological Impact on Man 

Possible consequences of the postulated flood were evaluated independent of the fact that in actual 
practice, the residents of Richland, Kennewick, Pasco and other towns _along the Columbia would pro
bably be evacuated. The radiation doses from ingestion of Columbia River water and fish and 
exposure to the contaminated shoreline were estimated, assuming that the listed mixtures of radio
nuclides (Table III.2-29) were made up of equal proportions of each component radionuclide. The 
calculated radiation doses for Whole Body, GI Tract and Bone in the first year following the con
sumption of 2 liters of water and 200 grams of fish harvested from the contaminated flood waters 
and assumed to be in equilibrium with the radioactivity in the river are listed in Table III.2-30 . 

TABLE I I I. 2-30 

RADIATION DOSE FROM POSTULATED COLUMBIA RIVER FLOOD 

Whole Body 
GI-Tract 
Bone 

Maximum 
Individual, 

rem 
6. 1 X 1 Q- 3 

3.5 X 10-3 

5.0 X 10-3 
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50 Year Dose 
Corrmitment 
1.2xl0-2 

4.8 X ]Q-3 

6.3 X 10-3 
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The external exposure to the shoreline during the first year following the flood, assuming an 
avid fisherman would spend 500 hours on the contaminated shoreline, is included in the whole body 
dose given in the Table III.2-30. 

The highest total calculated dose listed in Table III.2-30 is about 6 x 10-3 rem to the whole 
body in the first year. About 70% of this dose would come from 134Cs and 137Cs in the fish, pre
sumably harvested fran the contaminated flood water. Only about 1% of the dose is from drinking 
water. About 40% of the GI tract dose would result from consumption of fish, with most of this 
dose resulting from 6 °Co. Most of the bone dose, from both the drinking water and fish consump
tion would be due to 90sr. 

1. 

z. 

3. 
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IV UNAVOIDABLE ADVERSE EFFECTS 

Unavoidable adverse effects from the Hanford Waste Management Operations pr-ogram may arise from 
radioactive, chemical, or thermal components in waste effluents being released to the atmosphere, 
Columbia River, or -the ground. The adverse effects may be both onsite, such as limiting use of 
actual waste disposal areas for other purposes, and offsite, such as the populations radiation 
dose incurred as a result of Hanford programs. 

Reduction of adverse environmental impacts from Hanford Waste Management Operations are in i tia ted 
by 1) cleanup of gaseous waste prior to release, 2) concentration and storage in tanks of high
level radioactive waste and 3.) controlled burial of sol id radioactive waste. Transuranic waste 
is segregated and buried to permit retrieval in 20 years without loss of packaged containment 
integrity._ An environmental surveillance and evaluation program is maintained independent of 
waste handling operations to detect and pennit corrective action if abnormal conditions are 
found. Several installations have been completed -to avoid accidental releases of radioact ive 
materials into ditches and ponds due to cooling coil failures by monitoring such streams and 
switching their flow to contained systems for reprocessing where adverse quantities of radioac
tive materials are found. 

Facilities to solidify high-level radioactive waste (evaporators) are in operation and add it ional 
units are being built to speed the solidification effort . New double-wal l waste tanks are being 
built and improved equipment and procedures are now in place to monitor for l iqu id waste t ank 
leaks . 

Onsite, about 3% of the 365,000-acre Hanford Reservation is used for structures and waste di s
posal sites . The areas directly associated with the major waste disposal sites are conmitted to 
long-term control (thousands of years). The small total area conmitted for such control and use 
does not constitute a significant adverse effect to the Hanford ecological conmunity . 

The waste management practices utilizing cribs and trenches probably prohibit major irrigati on 
proj ects for much of t he onsite land because of the changes in water table levels that wou ld 
resu l t. Similarly, the use of l arge reactor cooling channels or lakes would require study to 
determine their possible influence on tne groundwater system. Al so, the groundwater onsi t e con
tains some radionuclides, principally tritium, l06Ru- l06Rh, l29I, 99Tc and nitrate ion . 

The offsite effect for 1972 due to Hanford Waste Management Operations was the small individua l 
and the sma ll population doses that resulted from releases of radioacti ve materi als to the atzoo
sphere and the Columbia River. The average per capita dose rate in 1972 was 9.D x 10- 3 mrem/yr 
whi le the maximum individual whole• body dose was 0, 58 mrem/yr . Tabl e IV-1 sunmari zes the maxilllJm 
annua l doses to an i ndi vidua l and relates the resulting dose to i t s exposure pat hways . The who le 
body dose for the 249,000 peop le li ving wi thin 50 miles of t he Hanford Waste Management Operations 
faciliti es was 2.5 man-rem/yr for 1972. Table IV-2 sunmari zes the population annual dose and 
rela tes the dose to its exposure pathways . The whole- body dose contributions of 2. 5 man-rem/yr 
compares to a whole body dose due .to na t ural background radiation for the same population of 
27,400 man-rem/yr . The Hanford contributi on is only 0. 01% of the dose received from the na tura l 
background radiation. The Hanford-contributed doses result principally from-gaseous releases of 
*1Ar from N Reactor (1,3 man- rem/yr) with lesser contributions of trit i um in drink ing water 
(0.5 man-rem/yr) and from consumption of irrigated crops (0.2 man-rem/yr). 

When N Reactor is shut down, the current release of ~1Ar and some tri tium and 131 I , as well as 
other activation and fission products in the N Reactor effluents , wil l cease. At that time, the 
air submers ion dose to the population will be reduced to about 1.3 x 10- 3 man-rem/yr and the dose 
attributable to the liquid effluents will be reduced as the radioactive materials already in the 
river sediments decay. The rad1onuclides reaching the Columbia River from the groundwa ter system 
(nostly tritium and l 06Ru0 l0 6Rh) wi l l, at their maximum rate of di scharge, contri bute less than 
0.1 man-rem/yr to the local population dose. The population whole body dose in the f i rst year 
after N Reactor is shut down is not expected to exceed 0.5 man-rem/yr and' will then conti nue to 
decrease as t he river i nventory decays . 

For the population doses due to 1972 Hanford Waste Management Operations, the maxilllJm potential 
health effects are sulllllilrized i n Table IV~3. For thi s calculation. the l ung and genetic organ 
doses were conservatively estimated to be the same as the whole body dose. Since the number of 
health effects are -all far less than one, it may be concluded that there will be no health effects 
due to Hanford operations for 1972. 
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TABLE IV-1 

ESTIMATED MAXIltlM DOSE TO AN INDIVIDUAL FROM THE(EfFLUENTS 
RELEASED AT THE .HANFORD RESERVATION IN 1972 a) 

(mrem/yr) 

Pathway Annual Exposure ~ 

Gaseous Effluents 
Ai r Sut.ersion 8766 hr O. (l!S 
Triti1a1-Inhlll1tion l Transpiration 8766 hr 2 x 10-4 
Radioiodine-lnhalation 7300 m3 ail"( ) 

Milk 274 11ters b 
Vegetables 30 kg(c) 

Total A1r Pathways 

Li Qu1 d Effluents (el 

Drinking Water 
Fish Cons1111111t1on 
Irrigated Foods 
Shorel ine 
Sw111111i ng 

Boat ing 

Tota l Water Pathways 
Total (Adult) 

Infant Thyroid Dose 
Airt>ome Tr1t1um 
Air Sublllersion 
Inhalation 
Milk 
Drinking Water 

Tota 1 ( Infant} 

730 liters 
40 kg 

710 kg 

500 hr 
100 hr 
100 hr 

8766 hr · 
8766 hr 
2045 m3 
274 liters (b) 
292 liters 

o. (l!8 

0. 10 
0.0032 
0. 0016 

0. 10 
0.19 

Whole 
~ 

0. 011 _4 (0.011) (d) 
2xl0 2 xlo-4 

0.011 0. 011 

0.015 0. 036 
0.30 1. 02 
0. 16 0.25 
0.090 (0.090) 
0.0026 (0 .0026) 
0. 0013 (0.0013) ---
0.57 1. 4 
0. 58 1.4 

(a) Using releases tabulated in Tables 111 . 1-2 , 3, 4, 8, 9 and 10. 
(b) One liter/day for a 9•month. grazing season 
(c) 200 g/d for a 5-month produce season 
(d) ( ) indicates intemal dose from extemal exposure 
(e) Essentially all from 100-fl effluents 

f 0.0ll) _4 2 X ]Q 

0 .00T9 
0.056 
0. 042 

0.11 

U.30 
0.31 
0.33 

(0.090) 
(0.0026) 
(0.0013) 
---
1.0 
1. l (f) 

0.0001 
(0 .011) 
0.002 
0. 46 
0.95 -r:mr 

(0 .011) 

0,011 

0.066 
1. 63 
0. 33 

(0 .090) 
(0 .0026) 
(0.0013) 

2. l 
2.1 

(f) Does not include contribution from 12 '! in the environment from previous years' operations estimated 
to be ·'\0.4 millirem/yr to both the maximum ind i vidual adult and infant . I 

TABLE IV-2 

SUMMARY OF ESTIMATED POPULATION DOSES RECEIVED AS A RESULT 
OF THE OPERATION OF THE HANFORD RESERVATION IN 1972 

Whole Body Dose Thyroid Dose 
Pathway man-remt:z:r man-th:z:roid remt:z:r 

Gaseous Effluents 
Air Submersion 1.4 (1.4) (a) 

Tritium (Inhalation and 
Transpiration) 0.02 0. 02 

Radioiodine (Inhalation, 
Milk, Vegetables) o.s 

Liquid Effluents 

Drinking Water 0.45 8.9 

Fish Consumption o. 11 0. 12 

Aquatic Recr-eation 0.40 (0 . 40) 

Irrigated Foods (Produce, 
Eggs, Milk) o. 16 0. 33 

Total 2.5 ~ 

( ) indicates internal dose fl"OIII external exposur-e 
Hot including the contribution from 129t in the Hanford environs 
preswubly as a r-esult of previous years of operation. This 
contribution can be estimated to be an additional 4 man-thyroid 
!'ell. I , Z 
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TABLE IV-3 

MAXIMUM NUMBER OF HEALTH EFFECTS FOR 
1972 ENVIRONMENTAL DOSE LEVELS 

Morta 11ty 
Population Maximum Number of 

onian Dose Health Effects 

Whole Body · 2.5 man-rem S.Oxl0-4 cancer deaths 

Lung 2.S 1111n-rs 1.2xlo·4 cancer deaths 
Thyroid 12 1111n-rem 6. 0xlO-S cancer deaths 

Morbidity 

Whole Body 2.5 man-rem 1.0xlo·3 cancer cases 
Thyroid 12 man-rem 2.4x10-4 cancer cases 

Genetic 2.5 man-rem -4 7.SxlO genetic effects 
Oall14ge 

About 550 cfs of Columbia River water is withdrawn at the Hanford Reservation, including 440 cf s 
for cool ing purposes. From this withdrawal, 140 cfs and 300 cfs are heated to 16°C and 10°C , 
respecti vely, above ambient river temperatures and returned to the river. This cooling water is 
withdrawn at a rate of about 0. 4% of the average river flow rate and about 1% of the low river 
flow rate. Upon return to the river, rapid mixing of this warm water with the main body of t he 
river occurs. Minimum local effects due -to the warm water return may take place. For 1972, the 
Richland daily average river temperature was 10 . 1°C , compared to an upstream (Priest Rapids) 
daily average of 10.9°C. Hence, on the average there was a slight cooling trend in the Hanford 
Reservation stretch of the Columbia River. Any possible adverse effects due to heat have not 
been detected but would be limited to local areas, probably not reaching more than a few hundred 
yards from the point of discharge. 

Water wi thdrawal from the Columbia River for Hanford use is generally at intake velocities 
sufficiently low to avoid f i sh entrapment. Studies during the previous years of Hanford opera
tion have demonstrated no significant effect on the river ecosystems due to entrainments, even 
when substantially larger quantities of water were removed for plant use . Also, no changes were 
obvious in the numbers of phytoplankters or their species composition over the past years. Such 
studies indicate that any adverse effects due to water pumping and removal of lower level aquat ic 
life are insignificant to the overall food chain of the larger species and have not led to 
observable adverse effects. 

Chemica l releases to the atmosphere and the Columbia River produce only limited impact s on 
nearby biota . Chemical disposals to the ground do not gi ve rise to adverse effects other tha n 
the very local effects where cribs and ponds located on the Columbia Ri ver bank discharge in to 
the river in seepage areas . Chromium, nitrate ion, and total solids are added to the river 
in concentrations above ambient river concentrations. These small additions are quickly diluted 
and any adverse effects (none were observed) would be limited to the immediate area of the dis 
charge. Approximately 2,300 tons of S0 2 and nearly 1,200 tons of NOx were released from the 
power pl ant stacks in 1972, but the accepted standard limits of S02 and NOx were not exceeded at 
offsite locations. No adverse environmental effects have been demonstrated over approximately 
30 years of plant operation. No chemical disposal activities or waste emissions led to any known 
adverse effects on humans. 
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V ALTERNATIVES 

V.1 INTROOUCTI!J4 [RPB, X.4, X.18, X.24, X.25] 

This section discusses the range of reasonable alternatives to the current Waste Management 
Operations Program at Hanford, particularly those that might enhance environmental quality and 
avoid or reduce adverse environmental effects. The alternatives considered deal with high-level 
liquid radioactive waste, other radioactive liquid waste, radioactive gaseous waste, radioactive 
solid waste, nonradioactive waste, and other environmental pollutants. For comparison purposes, 
the discussion of each alternative is preceded by a short statement of the current waste manage
ment plan. 

The present existence of approximately 72 million gallons of radioactive waste (38 milli on gallons 
as of March 1975) (liquids, salt cake, and interstitial liquids) requires some type of waste man
agement program. Therefore, the analysis of an alternative that does not require a waste manage
ment program is not considered reasonable . The extct consequences of terminating all waste 
management operations depend on the time such a termination takes place. If all waste management 
operations were tenninated in the next few years, the resulting environmental conditions could 
become locally undesirable. At the conclusion of the solidification program, retrieva l of the 
salt cake and sludges in the tanks will be accomplished by varying techniques depending on the 
design details, the current condition and the particular contents of the tank. Instead of using 
conventional sluicing or redissolving t echniques, adaptations and modifications to mining and 
other standard techniques for excavation and movement of solid materials will be used . When 
solidification of waste and strontium and cesium encapsulation are completed in the early 1980's, 
the ability to withstand an interruption of waste management will be greatly improved. Neverthe
less, waste management operations at Hanford should not cease at this time or for some time to 
come. 

Alternatives currently under cons i derat ion for ulti mate storage of Hanford's high-level waste are 
briefly discussed but additional research and development is required before the best waste form 
and storage location can be determined. Ultimate disposal of Hanford waste will be considered 
in another impact stat ement prior to decisi ons on various ultimate disposal options. 

This section also includes an analysis of the envirot"l11ental impact which would occur if the pri
mary production facilities at Hanford (N Reactor and Purex) were to cease to operate. The cur
rent program plan does involve the generation of new waste primarily from the processing of N 
Reactor fuel in the Purex processing facility and from research and developmen t activities. Thi s 
waste is expected to amount to an addition of a few percent per year to the existing waste inven
tory . N Reactor operating periods th rough 1978 , 1983 and 1990 are considered. 

An analysis of reasonable alternatives to the current operations solely on the basis of changes 
in radiation dose to the general population clearly indicates that comparatively little change 
in the radiation dose would occur. The radiat ion dose resulting from the current practices is 
small (about 2.5 man-rem/yr) and the resulting health effects (based on the assumptions discussed 
in Section III) also pose a small comparative risk. However , consideration of the long-term 
requirements for control and isolation of radioactive waste materials from man's environment 
requires that reasonable alternatives be evaluated in terms beyond the projected radiation dose 
to the population. Therefore, the analysis of alternatives also includes such concepts as 
improved controls, retrievability, and reduction of discharges to the environment to as. low as 
economically and technically practicable. The changes in a100unt of l and used, the total curies 
of radioactive waste discharged to soil and curies of tritium to the groundwater are considered 
in examining the alternatives. 

A range of alternatives for each level and each type of waste generated at Hanford is examined. 
For the high-level liquid waste, four major alternatives (surrmarized in Table V-1), IOOSt with 
severa l suboptions , are examined. For other radioactive liquid waste , the alternatives are 
surrmari zed in-Table V-2. The current plans and reasonable alternatives for handling of sol id 
and gaseous radioactive waste as well as all other fon!IS of waste generated at Hanford are then 
discussed. 

In most cases, the al ternatives are not mutually exclusi ve and several could be sillllltaneously 
adopted. For example.the number of new double-wall tanks (4 to 12) which could be beneficially 
used would depend on the operating period of the N Reactor and Purex as wel l as when a solidifi
cation method for the final residual liquids i s developed. Pun!x could be shutdown with or 
without continuing N Reactor operation. New facilities for solidifying the final residual 
liquid will be needed whether or not waste generating facilities (N Reactor and Purex) are 
operated in the future. 

V-1 



C'"' 

...... 

0 

TABLE V-1 

HIGH-LEVEL WASTE ALTERNATIVES 

• Continue Present Program 

1) Replace all single-wa-11 tanks 

2) Replace older single-wall tanks 

3) Final Solidification 

• Shutdown N Reactor 

• Shutdown Purex 

• Discontinue Solidification to Salt Cake 

1) New double-wall tanks 

2) Calcine 

3) High temperature melt fonnations 

4) Insoluble fonnation 

V. 2 ALTERNATIVES TO HIGH-LEVEL WASTE TREATMENT 

V.2.1 Continue Present Program [X.25] 

TABLE V-2 

LIQUID EFFLUENT WASTE ALTERNATIVES 

• 200 Areas Effluent Treatments 

1) Continue Present Program 

2) Evaporate B Plant Streams 

3) Evaporate Purex Anmonia Scrubber Streams 

4) Evaporate All Discharge Streams 

• N Reactor Effluent Treatments 

1) Continue Present Program 

2) Reinject Rupture Monitor Bleed Stream 

3) Closed Loop Cooling for N Fuel Storage 
Water 

4) Provide both Reinject Rupture Loop and 
Closed Loop Cooling 

5) Total Treatment of All Effluent Streams 

Approximately 47 million gallons of liquid wa~te and 25 million gallons of solidified waste (38 
and 28 respectively as of March 1975) are currently stored in underground tanks at Hanford. This 
waste was generated during the period 1944 to 1974 and represents more than 95% of the total high
level waste expected to be generated through the operation period of the Hanford plutonium pro
duction facilities through 197~. Based on current production plans, the operation of N Reactor 1 

and the Purex Processing Plant results in the generation of approximately 1 million gallons of 
high-level waste each year . Operation of these facilities through 1983 or 1990 will generate 
about 5 or 12 million gallons of additional high-level liquid waste, respectively. This liquid 
would be converted to 1 to 3 million gallons of solidified waste. 

The thrust of the current waste management program for high-level waste is to convert stored and 
currently generated high-level waste from a liquid to a salt cake form. The existing evapora
tors, along with one evaporator currently under construction (1972), will solidify most of the 
stored and currently generated liquid waste to salt cake. A residuum of highly caustic liquid 
will remain which cannot be further evaporated with these evaporators. The residuum will be 
treated to produce a solid either by chemical addition or a special type evaporator, alternatives 
which are now under development. If a satisfactory solidified waste (immobile but removable) 
cannot be developed for interim storage at a reasonable cost, then the residuum could continue to 
be stored in double-wall tanks until an ultimate disposal method is in place. Replacement tanks 
could be built from time-to-time as needed to continue storage of this liquid and since any leak.
age from the primary tank can be collected, detected and removed by pumping from the secondary 
tank, leakage of liquid was;e to the soil would be effectively eliminated. 

The solidification of the liquid waste, along with the construction of additional double-wall 
tanks to contain the liquids in interim periods, is considered to be the current program for man
agement of the high-level waste. The objective of this program is to continue to maximize the 
isolation of the high-level waste from man's environment. 

Within the current program, which has continued to advance during the preparation and review of 
this statement, a number of facilities and activities were planned for the budget cycle, FY-1973 
through FY-1975. All of these programs were designed to further improve total containment of 
radioactive materials and to maintain their release to the environment to the lowest level tech
nically and economically feasible. Just under 33 million dollars worth of improvement was bud
geted. The programs are sunmarized in Table V-3. 
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The FY-1976 and FY-1977 programs (sU11111arized in Table V-4), involving about 77 million dollars 
of improvements and additional facilities, are designed to further improve total containment of 
radioactive materials. 

TABLE V-3 

WASTE MANAGEMENT FACILITIES AND ACTIVITIES 
PLANNED OR UNDER CONSTRUCTION, FY-1973 THROUGH FY-1975 

In-Tank Solidification Systems. Auxiliaries $2,500,000 

The project provides addi tional concentrate routing facilities to permit transfer of slurries 
from the 242-S Evaporator to existing tanks in the 241-U Farm. 

Additional Waste Concentration and Salt Cake Storage Facilities $30,000,000 

This project provides a waste evaporator system, additiona l underground storage tanks for 
cumulative capacity of at least 3 million gallons of highly radioactive waste, routings for 
new tanks and existing underground storage tanks, underground lines, encasements, pumps and 
auxi liaries, which are needed for the waste concentration program and for minimizing the poten
tial for leakage of radioactive liquids to the ground. 

Provision of the proposed facilities will allow accelerati on of the waste solidification pro
gram. The li quid waste in 30 of the older was te tanks, some of which are associated with the 
existing waste concentration systems, can be emptied at least l year sooner for solidification 
by evaporation-crystallization. Also, most of the liquid waste can be stored in single-wall 
200 East Area waste tanks of later improved design or the new double-wall waste tanks provided 
by this project instead of the older tanks which otherwise would be utilized. This will reduce 
the potential for future leaks. 

Groundwater Monitoring Wells $100 ,000 

Additional wells will be drilled at selected strategic locations to enhance the existing rou 
tine groundwater mnitoring capability. 

Encase Was te Lines 232-Z to 241-Z $115,000 

A short run of existing piping which transports incinerator scrubber waste from the plutonium 
incinerator building t o a sump will be replaced with an encased pipeline, thus affording double 
containment provisions. 

Total Dollars 

TABLE V-4 

WASTE MANAGEMENT FACILITIES ANO ACTIVITIES PLANNED, FY-1976 AND FY-1977 

Additional Waste Storage Tanks 

S32 1700 1000 

$75,000,000 

Each of two proposed projects, one in FY-1976 and one in FY-1977, will provide six new double
wall tanks for storage of liquid waste. These projects will provide up to 12 million gallons 
additional capacity for residual liquids, interstitial and concentrated liquids and combined 
dilute and aging wastes, and will include piping interties and necessary auxiliaries. The new 
tanks are needed to minimize the potential for leakage of radioactive liquids to the ground . 

Groundwater Monitoring Wells $200,000 

Additional wel ls are being drilled at selected strategic locations to enhance the existing 
routine groundwater mnitoring capability. 

Waste Un loading Facility $1 ,500,000 

The existing, outdoors facility for unloading liquid waste, shipped via rail tankers, from other 
areas at Hanford will be replaced by a new enclosed facility thus eliminating a potential for 
unplanned releases and for personnel exposure during unloading. 

Total Dollars 
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The current program also includes research and development to determine the best ultimate dis
posal method for the salt cake. The focus is on alternate solid fonns and storage methods which 
would have minimum dispersability characteristics. Research and development efforts directed 
toward final disposal of high-level waste from the conmercial power industry will be studied for 
possible applicability to Hanford waste. 

Alternatives within the present high-level waste management program are : 

• replace all single-wall tanks with new double-wall tanks 

• replace all of the older single-wall tanks with new double-wall tanks 

• add materials to salt cake tanks to solidify all residual liquids 

• build a special evaporator to solidify all remaining residual liquids associated with salt 
cake formation and storage. 

At the present time, dilute and interstitial liquid waste awaiting processing by the evaporators 
is stored in single-wall tanks. After this waste is processed through the evaporators, approxi
mately 10 to 17 million gallons of liquid waste will remain for underground storage. Two to 
three million gallons will be from coni>ined dilute and aging waste, 2 to 5 million gallons from 
combined interstitial and concentrate liquids in the evaporator loops, and 7 to 10 million gal
lons of residual liquids. The dilute liquids are liquids which have not been processed through 
the evaporators; combined liquids are those processed through the evaporator at least once; and 
residual liquids are liquids which cannot be further solidified in the evaporator or crystallizer . 

Two storage alternatives to the present program are currently under consideration: 1) store all 
liquid waste in new double-wall tanks or 2) store the highest level liquid waste in new double
wall tanks and continue to use the newer of the single-wall tanks for selected liquid waste. 

V.2. 1.1 Replace All Single-Wall Tanks [RPS] 

To replace all single-wall tanks (the current program in mid-CY-1975) requires the construction 
of up to 12 double-wall tanks of 1 million gallon capacity each to permit storage of all liquid 
waste in double-wall tanks, including the residuum liquids in the evaporator bottoms loops. · After 
processing the current liquid waste inventory through the evaporators, a minimum of 10 million 
gallons of liquid waste would remain for tank storage or other treatment. The present Hanford 
evaporators would not be able to further concentrate this 10 million gallons because of the chemi 
cal content; The 12 double-wall tanks would provide tbe needed liquid waste containment capacity 
plus some spare capacity to meet emergency needs. 

Building 12 new double-wall tanks would provide improved containment of high-level liquid waste. 
Leakage of these liquids to the soil would be eliminated by the second tank wall. Monitoring 
for leakea liquids between the inner and outer tank walls would provide leak detection. Leaking 
tanks could be taken out of service before material leaked from the second wall to the soil. 

The adoption of this alternative would result in a major construction effort. After funding is 
obtained, an estimated 4 years minimum would be required before these tanks could be procured and 
plat:ed into operation. The cost would be about $75,000,000. About 10 acres of land would be 
required for the new tanks. 

Based upon the extrapolation of past leak data, sane leakage fran the existing tanks would be 
expected during the time these tanks were being constructed and the liquid waste was being 
processed by the evaporators. The population dose resulting from the current waste tank stor
age program including any contributions from leaking tanks is essentially zero (<1 x 10-6 man
rem/yr). Adoptions of this alternative would not change this population dose significantly, but 
would prevent leakage of waste placed in double-wall tanks for storage. 

V.2.1.2 Replace Some Single-Wall Tanks 

To replace some, but not all, single-wall tanks requires storing the highest level liquid waste 
in new double-wall tanks and continuing use of newer single-wall tanks for selected liquid 
waste. For example, construction of six additional double-wall tanks of 1 million gallon 
capacity each to replace some of the older single-wall tanks would provide a combination dilute 
waste receiver and feed tank for each evaporator, and would pennit storing approximately 70% 

. • of the residual liquid inventory in double-wall tanks. The other 30% of the residual liquid 
inventory would be stored in the newer single-wall tanks that have improved leak detectjon capa
bilities. Rapid leak detection and tank pump-out would keep the loss of liquid waste to the 
soils to a few thousand gallons or less per leak. 
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Process development of partial neutralization and reconcentration of residual liquids is con
tinuing and its application, should the process prove successful, might reduce the stored inven
tory to 70% of the original volume. If the process is developed, then the single-wall tanks 
with the improved leak detection equipment would hold the solids formed by this process. The 
remaining residual liquids would then be stored in the new double-wall tanks. The unused single
wall tanks would remain available as emergency spares. 

New tanks could be available 3 to 4 years after funding. Tlie cost is approximately SS million 
per tank. About 5 acres of land would be required for the· new tanks. Adoption of this alterna
tive would result in the continued storage of all but 1 to 6 million gallons of liquid waste in 
double-wall tanks. This remaining liquid waste would be stored in the best single-wall tanks . 
No change in population dose would result fran adoption of this alternative .* 

V. 2.1.3 Final Solidification [RPB] 

As part of the current waste management program, development work is proceeding now to solidify 
the residual 1 iquids which tne existing evaporators· cannot further evaporate. Nearly .10 mil 1 ion 
gallons are expected to require such treatment at the end of the solidification program. Devel 
opment work is proceeding to reduce the quantity of residual liquids at the end of the program 
by nitric acid addition. Acid addition should precipitate some additional salts which should 
permit further evaporation of residuum in the existing evaporators. 

Two basic processes are under consideration for the final sol idi fication: 1) addit i on of mate
rial s such as clay which would react with the resi dual liquids t o fonn a solid product, and 
2) evaporation of the highly caustic residual liquids by a diff erent type evaporator , such as 
wiped film evaporator. 

V.2 . 1.3 .1 Material Addition for Residual Liquids 

The residual liquid and new liqui d waste after completion of the current solidification program 
could be imnobilized by the addi ti on of chemical s or materials which would either react with the 
water or absorb it. Typical examples are phosphate compounds which fonn hydrates and clays 
which absorb the water. These possibilities have not been studied in suffici ent detail for 
decision making. Several additional years of effort are necessary before deci sions can be made 
on the best method and its costs. Final solidification of all liqu ids would , of course , make 
liquid leaks impossible. There would be no change in the essentially zero population dose 
(<l x 10-6 nan-rem/yr) now received from the liquid waste management program. Further contamina
t ion of soil from tank leaks would not occur . 

V.2.1.3.2 Further Evaporation for Residual Liquids 

After completion of solidification of roost of the liquids by use of the evaporator-crys tall i zers , 
about 10 million gallons of saturated bottoms liquid will remain. A conti nuous supply of new 
liquid waste of from 1 to 2 mil lion gall ons per year wil l be generated by research and deve lop
ment activities plus operation of Purex. Because of the chemical compos ition of these residua l 
l iquids, the current evaporator-crystall izers may not be abl e to make the final sol idi fication . 

Several process alternatives or equipment changes are being studied to reduce the volume of thi s 
liquid, all of which appear to be technically feasible. The liquid can be partially neutrali zed , 
converting a portion of the caustic to a sodium salt; soluble aluminum can be preci pi tated as 
alumina or removed as alumina-sil i cates; or the solution can be further concentrated ei ther by 
using a speci al concentrator such as a wiped-film evaporator or the existing evaporator
crystallizers. The latter product would be a wet salt cake (mush) which would be stored in 
the new double-wall underground tanks. The des i gn and costs for these processes or equipment 
changes are not ·yet establ i shed, and laboratory and pil ot plant studies are still being ·con
ducted. For example, present corrosion data i ndicate that tank life of the new double-wal l tanks 
would· be reduced for t he storage of "mush." Before utilizing the tanks for this type of waste 
storage, a detail ed safe ty analysi s and cost-benefit analysis will be made . Cathodic protection 
devices are also under development and can be utilized i f such technology would improve tank l ife 
time. Final solidification of the residua l li qui ds by these approaches minimizes the volume of 
any final liqu ids , and the leakage potential to soils from liquid waste storage tanks is virtua lly 
eliminated by storage in new double-wall tanks. There would be no change in the essentially zero 
populati on dose resulting from the liquid waste management program. 

* The current program (mid-CY-1975) is to build 12 double-wall tanks. The al ternati ve of bui ld
i ng 6 tanks is not being considered now but is included here si nce it wa~ one of the alterna
tives considered in 1972 at the time of preparation of this statement. 
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V. 2. 2 Shutdown of N Reactor, 1978, 1983 or 1990 [X.10, X.25] 

An alternative to generating and processing most new radioactive waste is to shut down N Reactor 
and Purex. As stated earlier, the primary role of these facilities is production and recovery 
of plutonium and other materials for national defense and research and development activities . 
The need for this material is beyond the scope of this statement. This section and the one 
following include an analysis of the environmental impact if these production facilities cease 
to operate to provide a ·basis for comparing the impact of managing the waste to be generated 
in the future with managing the waste that has been generated over the last 30 years. 

The shutdown of N Reactor would result in the following changes: 

• 625 ton/yr of uranium fuel would not be irradiated 

• 750 kg/yr of plutonium would not be produced 

• 4.5 billion kW hr/yr of electricity would not be produced 

• 110 Ci/yr of 9 0Sr plus 1 37Cs would not be added to the N Crib soil column 

• 300 Ci/yr of soco would not be added to the N Crib soil colurm 

• 5200 Ci/yr total would not be added to the N Crib soil colurm 

• <15 Ci/yr would not be released to the Columbia River (excluding tritium) 

• ~200 Ci/yr tritium would not be sent to groundwater 

• 5000 ft 3/yr of solid waste would not be generated 

• 50,000 Ci/yr of 41 Ar would not be released to the atmosphere 

• 2.4 man-rem/yr of population radiation dose would not be received 

• Purex would be shutdown when N Reactor fuel was processed 

• One to two fewer new double-wall tanks would be required. 

The shutdown oi N Reactor would not substantially change the inventory of radionuclides to be 
added to the presently stored waste. The 410 Ci/yr of long half-life nuclides not added to the 
N Crib is ~12i of the current crib inventory of 3300 Ci (1974). Most of these radionuclides are 
near the floor of the crib and trench. The longer lived constituents are 1200 Ci of 6 °Co, 
430 Ci of 137Cs, and 160 Ci of 90Sr. The 200 Ci/yr of tritium not added to. the groundwater is 
only a few thousands of 1% of the current groundwater tritium inventory. The 5000 ft 3/yr of 
waste not generated is about 0.02% of the solid waste already stored. The 2.4 man-rem/yr of 
radiation dose not received is about 0.01% of the radiation dose received from natural back
ground each year. 

V.2 . 3 Shutdown of Purex. 1978, 1983 or 1990 [RPB] 

The alternative of shutting down Purex presents two options: 1) shutdown after processing all 
N Reactor fuel currently on hand and 2) shutdown now with the existing inventory of irradiated 
N Reactor fuel either shipped offsite for processing or stored onsite without processing. 

V.,2.3.1 Shutdown of Purex After Processing Current Inventory 

The shutdown of Purex after processing the current inventory of irradiated N Reactor fuel would 
result in the following changes compared to planned operations: 

• 625 ton/yr of uranium fuel would not be processed 

• 225,000 gal/yr of boiling waste would not be generated which is equivalent to 30,000 gal/yr 
of salt cake not produced 

• 2 wk/yr of evaporator operating time would not be needed 

• 80 Ci/yr of fission products would not be sent to cribs 

• 12,000 Cf/yr of tritium would not reach the groundwater 
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• 1.2 billion gal/yr of cooling water would not be used 

• Small reductions in solid waste volumes would occur 

• Power plant fuel consumption and waste emissions would be reduced 

• The population radiation dose would be reduced by <0.1 man-rem/yr 

• One to two fewer new double-wall tanks would be required. 

The shutdown of Purex would change the inventory of radionuclides to be added to the presently 
stored waste. The reduction of 225,000 gal/yr of waste would require one less waste storage tan k 
every 4 years. The 80 Ci/yr of fission products not absorbed on soil columns would be a reduc
tion of about 1% of the current crib soil column inventory. All cribs except those serving 
~ Plant disch~rges are in a net decay mode. The 12,000 Ci/yr of tritium not reaching the ground~ 
water would be a reduction of less than 0.02% of the tritium now in the groundwater . The 1.2 bil 
lion gal/yr of cooling water not used represents less than 1 hour of average flow of the Columbia 
River. 

V.2.3.2 Shutdown of Purex Inmediately 

For irrmediate shutdown of Purex, two alternative methods for irradiated fuel handling may be con~ 
sidered: 1) ship fuel offsite in the near term for processing, and 2) store the fuel for an 
indefinite period (in reactor or in storage basin} . The total amount of irradiated fuel ava ila
ble for processing through FY-1978 is about 3700 tons, of which 1200 tons are now in inventory. 

V.2.3.2.1 Ship Fuel Offsite [RPB] 

This alternative would require the irradiated fuel produced by N Reactor to be processed either 
at a conmercial plant or at the ERDA Savannah River Plant (SR). No corrmercial processing capa
bility is available at the present time. Approximately 400 tons of N Reactor fuel were sent to 
Nuclear .Fuel Service near Buffalo, New York in the mid 1960's. Difficulty was encountered i n 
processing the fuel utili zi ng a chop-leach method of fuel dissolution. Also, the metallic 
N Reactor fuel is brittle , and massive fracture with fuel element disintegration in the fuel 
shipment cask was encountered. As a result of these problems, corrmercial plants have been 
unwilling to process this type fuel, particularly since the projected commercial power react or 
oxide fuel will probably fully utilize existing plants and those under construction. 

Savannah River could process the fuel. Significant plant and capital investments would be 
required. Total capability to process the fuel would be available about 5 years after funding 
was obtained. · The plutonium and uranium would be in an unusable form requiring carefully con
trolled storage for 3 to 5 years. No significant change in the quantity of high- level liquid 
waste would result wi th processing at SR. Since SR also produces salt cake, there would be no 
change in total salt cake quantity. The following changes would result. 

• The waste products would be disposed of at SR. 

• Shipping costs are estimated at 2.5 million dollars per year. 

• Shipping casks would be required at a cost of approximately 20 million dollars, 

• 80 Ci/yr less fission products would be released to the cribs at Hanford. 

• Capital costs for modifications to the SR plant would be an estimated 30 million doll ars. 

• Processing cost would be about equal for either plant. 

• Radiation dose to the population would be increased due to some low exposures along the 
shipping route. 

• Three to four fewer new double-wall tanks would be required. 

Since the radioactive material would require more handling and cross-country shipment, some 
increased potential for worker radiation exposure and for accidents would result. Shipment costs 
and capital modification costs would increase total processing cost. If this alternative were 
used . close coordination between the ERDA and the Department of Transportation would be mainta ined 
regarding the transportation and handling of hazardous materials. 

The reduction of 80 Ci/yr released to the cribs at Hanford would result in management of this 
same activity at Savannah River. 
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V.2.3.2 . 2 Store Irradiated Fuel 

Irradiated N Reactor fuel could be stored for the long-tenn without processing. Results of adop
tion of this alternative would be: 

• Modifications would be made to old reactor fuel storage areas to accept long-tenn irradi
ated fuel storage. 

• 80 Ci/yr of fission products would not be sent. to cribs. 

• Fuel cladding corrosion could result in the release of an unknown amount of radioactivity. 
to the air and to the ion-exchange cleanup systems at the fuel storage. areas. 

• The quantity of strontium and cesium requiring separation from high-level waste would be 
decreased by a ff!'ft percent. 

• Long-tenn storage would probably preclude processing due to lack of suitable facilities. 

• Uranium and plutonium values in the fuel would not be realized. 

• The population radiation dose would be reduced by <0.1 man-rem/yr. 

• Three to four fewer new double-wall tanks would be required. 

The technology for long-tenn storage of irradiated fuel would need to be developed. Extensive 
control systems to detect fuel element failure. to cleanup storage areas. and to re-package or 
otherwise repair corroding fuel elements would need to be developed. The total quantity of 
radioactive material to be handled would remain the same. but irradiated fuel storage would add 
another and a new type of waste management system to be roonitored and controlled. The presence 
of plutonium in the fuel elements would require perpetual control and surveillance of the fuel 
elements as transuranic waste. Storage of unprocessed but irradiated fuel for N Reactor oper
ating periods to 1983 or 1990 would add significantly to the storage problems stated above . 

V. 2.4 Discontinue Solidification to Salt Cake [RPS] 

The present fractionization and solidification program could be discontinued .with the goal of 
1) converting the high-level liquid waste to a better solid fonn for interim storage, (extensive 
R&D and conceptual design work would be required and take years to implement,) or 2) holding the 
remaining liquid waste until an ultimate disposal method is developed and implemented . Implicit 
in these options is the need to construct new double-wall tanks . · 

Converting to an acid waste storage system is not an attractive alternative to continuing solidi 
fication to salt cake because of the large volume of basic waste already on hand {47 million 
gallons) and the relatively small volume of liquid waste yet to be generated by Purex under cur
rent planning (4 million gallons). For 1983 or 1990 operating periods this volume would be 
increased to 9 million and to 16 million gallons, respectively. None of the waste storage tanks 
now at Hanford are suitable for acid waste storage. At least 4 new double-wall acid waste 
storage tanks would need to be constructed at a total cost in excess of 20 million dollars. To 
extend N Reactor operations would require at least 9 or 16 new tanks for this waste at an esti
mated cost of 45 to 80 million dollars. respectively. There would be no · flexibility in handling 
the acid waste since it would always be limited to the special tanks and systems designed for it. 

The generation of two different waste characteristics would lead to a possible need for two pro
cesses for conversion for long-tenn or ultimate storage. Maintaining a single waste type would 
seem to be the wisest course of current action. 

V.2.4. l co·nstruct New Double-Wall Tanks 

This alternative would discontinue the current waste solidication program and would provide 
new double-wall tanks of 1 million gallon capacity each for high-level liquid waste storage. 
New double-wall tanks would avoid tank leakage to soil. To discontinue the solidification pro
gram and hold the current liquid inventory in presently available tanks would, over the years, 
lead to additional leaks. 

The waste would be stored in the double-wall tanks until a better fonn of interim storage is 
developed {5 years to develop plus 5 years to implement) or until an ultimate storage mode is 
developed (selection by 1985, implementation at least 5 years later) and implemented. Based on 
the status in 1972, double-wall tanks would be required for: 47 million gallons of current 
liquid, 4 million gallons of additional Purex waste, and 5 million gallons of research and 
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development generated waste, for a total of 56 million gallons through FY-1978. Fifty-six doubl e
wall tanks of 1 million gallon capacity each would be required. Current construction cost esti
mates are 5 million dollars per tank for a total cost of 280 million dollars. Hanford operations 
through 1983 would require 61 tanks, while operation through 1990 would require 78 tanks at an 
estimated cost of 310 and 390 million dollars, respectively. 

New waste resulting from continued operation of Hanford facilities would initially be put i n 
existing double-wall tanks. Simultaneously, the construction of new double-wall tanks in 
200 East and 200 West Areas would be started, and as these new tanks with their associated pip ing 
and ancillaries were made available, the liquid waste now stored in the single-wall tanks would 
be transferred into . them. Approximately 80 tanks contain liquid that would be transferred under 
this alternative. The old tanks, whether empty, partially filled, or totally filled with soli ds , 
would be isolated and held pending ultimate disposition of their contents. Twenty-five mill ion 
gallons of solids are being held at this time (1972). 

The ability of industry to respond to such a massive tank building program would be severely 
taxed. A large increase in capital expenditures would be required. The construction program 
would result in the irretrievable conmitnent of additional resources such as steel (360 tons per 
tank) and concrete • . The new tanks would require a total of about 50 acres of additional land 
that would be conmitted to the radioactive waste management program for the i ndefinite, but very 
long term, future. 

The amount of l iquid waste leaking from old tanks into the ground would be proportional to the 
length of time required to complete the solidification of the current waste . Leakage during 
th i s peri od could be thousands of gallons and a few thousands of curies annua l ly . Adopt ion of 
this alternative would not reduce the essentially zero population dose resulting from the li qu id 
waste management program, but would terminate contaminati on of underground soil from leaking 
tanks once the 1 i quids were stored in doub 1 e-wa 11 tanks. 

V.2.4.2 Calcine Waste 

An alternative to salt cake formation is calcining of the Hanford high-level l iquid waste. Sev
eral different techniques have been studied inc l uding pot, spray, and fluidized bed calcination 
for acid waste: · 

• Pot calcination has the advantage of being a relatively -simple process that can handle a 
broad range of waste feed compositions. However, sta i nless steel pots are required for 
both product formation and storage, the batch wise process capacity is inherently l ow, heat 
conductivity through the calcine is low and the ca lcine can be di sso lved in water as read
ily as salt cake. 

• The spray ca l ci nation is a conti nuous process with good capaci ty and l ow hold-up vol ume . 
It produces a wide range of good quality solids , but i s re latively compl icated and di f 
f icul t to operate, and may require use of expens i ve materials. When combined wi t h a con
tinuous melter for the calcine, it produces a monol i thic, microcrystal line soli d wi th 
approximately one order of magnitude less leachability than the pot calcine. 

• The fluidized bed calcination i s a high-capacity continuous process extensively developed 
and currently in use at the National Reactor Testing Station in Idaho. The process i s 
moderately complicated to operate. The product is a dry, granular sol id eas i ly trans
portable by pneumatic means. 

Li ttle development work has been done on the application of a calcination process to the Hanford
type of waste , but what has been done indicates that spray calci ner would probably be the mos t 
successful of the calcination techniques for Purex-type waste . 

Al l three of the above calci ning processes would convert the high sodium content of the current 
li qui d waste to sodi um oxi de . This compound i s hygroscopic and wi l l absorb suffic ient mo isture 
to create an unstab le condition . In this sodium oxi de form , the calcine product i s qu i te simi 
lar to salt cake in stabil ity and leachabi l i ty . The chemica l add i tion required to convert t o a 
more stabl e form, e.g., sodium sulfate , significantly increases t he final vol ume of the waste to 
be stored. 

An estimated 10 years would be required for the research, designing, bu i lding, and placi ng a 
calciner into operation for process i ng Hanford waste. A calciner for Hanford waste shou ld have 
a capaci ty of 15 million gallons of high-level liquid waste per year. It wou l d have to opera te 
for 5 years to reach current (equil ibrium) status with the liquid inventory. Operati ng cos t s of 
the calciner would be 6 to 8 million dollars per year. Capital investments of approximate ly 
200 million dollars would be required to construct the calciner, its auxil iaries and calci ne 
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storage facilities. At least, 30 acres of additional land would be required for these facilities . 
Underground calcine storage bins would require extensive procurement lead time. Not included in 
the above cost are the 5 million dollars per double-wall tank needed for storage of the millions 
of gallons of waste being generated during the 10 years before the calciner would have processed 
the high-level liq1Lid waste. · 

Also, adoption of this alternative would probably need to be coupled with the building of some 
new double-wall tanks to provide i111>roved liquid waste containment for the existing inventory 
prior to calcination. Holding the existing liquid inventory for some 10 years beyond when it 
might have been converted to salt cake would lead to leaks from the single-wall tanks and con
sequently more soil contaminatton than expected by pursuing the salt cake formation program. 
Adoption of this alternative would not reduce the essentially zero population dose resulting 
from the liquid waste management program. 

V.2.4.3 High Temperature Melt Formations [X.6] 

Another alternative to salt cake formation is converting the high-level liquid waste to a stable 
insoluble solid by a high temperature melt treatment.2,3, 4 

Numerous chemical formulations plus related process equipment and operations are being studied 
relating to the conversion of liquid waste to various types of glasses, glass-ceramics, devitri
fied phosphate glasses and others. Such formations could provide long-term storage stability 
and leach resistance. Silicate melt technology is the most advanced waste fixation technology 
on a world-wide basis. It is a leading near-term contender for producing an acceptable waste 
form. 

This alternative would propose the use of an aluminosilicate formulation (basalt rock). The 
process would include an evaporative operation to concentrate the dilute liquors. The product 
material is a dense silicate glass resembling obsidian. This particular process should work 
well with the existing highly basic waste. · Although radiation stability of the specific glass 
(resembling obsidian) is not known, it would be anticipated to be more stable than similar glass 
fonnations from high-level waste since the contained radioactivity would be less (lower dose). 
Possible devitrification would need to be studied in detail as part of the development program 
investigating the acceptability of glass formations. About 10 years would be required to design 
and build the facility. The costs for the "glass plant" would be about 100 million dollars, 
exclusive of storage facilities for the containers of "product." At least, 30 acres of addi
tional land would be required for these facilities. The final volume of glass would be approxi
mately equal to the volume of calcine for an equivalent amount of liquid waste. 

The adoption of this alternative would probably need to be coupled with the building of some new 
double-wall tanks to provide improved liquid waste containment for the existing inventory prior 
to processing. Ho 1 ding the existing 1 i quid inventory for some 10 to 15 years beyond when it 
might have been converted to salt cake would lead to leaks from the single~wall tanks and con
sequently more soil contamination than expected by pursuing the salt cake formation program. 
Adoption of this alternative would not reduce the essentially zero population dose resulting 
from the liquid waste management program. It would produce a product of good stability and low 
leachability. 

V.2.4.4 Insoluble Formation 

Concentrated liquid waste would be mixedS, 6 with clays at low temperatures (less than l00°C) form 
reaction products--solid brick-like, insoluble minerals such as cancrinite suitable for long
term storage. Liquid waste would be drawn up out of the storage tanks, mixed with the reagents 
in an in-line type of operation, extruded and cured in a selected geometric form, then returned 
to storage bins. Future retrievability would be accomplished by pneumatic or mechanical means. 

Although considerable definitive work has been done on the technology of this process, operating 
plans and costs are viewed as tentative. The research, development, design, and implementation 
would reqLn,re a minim1.111 of 10 years. Costs are estimated at approximately 30 million dollars 
for the plant and 100 million dollars for the storage bin facility. 

Liquid waste would be converted to solid, more rapidly and starting earlier (within 5 years) 
than would be the case with either the fluid-bed calciner or the glass plant, thus reducing the 
potential risk and aroount of waste leakage into the soil. Some construction of new double-wall 
tanks would be needed. This alternative requires storing the waste in liquid form until imple
mented. The process essentially doubles the volume of the waste material so larger areas are 
required for waste storage, perhaps 75 acres. Adoption of this alternative would not reduce the 
essentially zero population dose resulting from the liquid waste management program. 
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V.2.5 Ultimate Disposal [RPB, X.6, X.7, X.8, X.10, X. 18, X.23, X.25] 

This section prov ides a surrmary description of the current research and development programs 
relating to ultimate disposal. The R&D plan is updated annually to reflect the impact of resu lts 
of the R&O activ i ties. Earlier versions of the plan have been documented . 9 

Current activities in the Hanford high-level waste management program result in_ two general 
categories of waste materials that require consideration for ultimate disposal : 

• Salt cake, sludge , and terminal (nonevaporable) liquid stored in underground tan ks . 

• Cesium-137 and 90sr encapsulated in metallic canist ers . 

All radioactive waste resul t ing from Hanford operati ons must be stored and ulti mately di sposed of 
in a manner that provides protection for the public and the environment during the hazardous life 
of the radionuclides. 

The R&O plan is based upon the assumption that salt cake and sludge will conti nue to be st ored i n 
existing tanks and new double-wall tanks until the deci sion is made to reroove the was t e and place 
it in either another form of interim storage or ultimate disposal. This R&D plan focuses on the 
storage/ul ti mate disposal of high-level waste. Subsequent subsections 1) address ultimate dis
posal research and .development for salt cake, sludge , and termina l liquor , 2) describe the R&D 
support for in-t ank st orage. and 3) address the long-term management of encapsulated 137Cs and 
90sr. Ul t imate dispos i tion of plutoni um and fission product cont ami nated so i l, soli d waste , and 
fail ed equipment rll.lSt also be considered as both a deco1T111issioni ng and a waste management 
activity. 

V.2.5. 1 Ultimate Disposal Research and Development 

The state of knowledge and the progress of research and deve lopment programs relati ng t o ultimate 
di sposa l will be peri odica l ly reeval uated so that an appropri ate impac t statement re lat ing to 
ultimate di sposa l can be prepared as soon as suffic i en t i nformation is availabl e . 

As i n the case for long-term management of corrmercial hi gh-l evel waste, ultimate di sposa l of ERDA 
was te impl ies terminati on of contro lled management of t he waste. The waste wo ul d be pl aced in a 
form and location where i solation from man does no t depend upon a contro ll ed management program 
and the waste has an acceptably low probabil ity of release to man ' s env ironment for t he toxic 
li fetime of the waste material . Many or all of t he optional corrmercia l waste di sposal modes 
described in BNWL-19001 may be equa l ly suitable for t he Hanfo rd waste. Commercial was t e dis 
posal alternatives range from disposal in stable geo logies (sal t , gran ite , sha le, deep sea bed ) 
to t ransrll.ltation and deep space disposal. Much of the technology deve loped for commercial waste 
dis posal should be transferable to the ERDA waste program. 

In the event that the decis ion i s made to remove t he was te from the tanks, the reroova l st ep 
would poss i bly be fo l lowed by processi ng t o reroove radionucl i des for volume reduct ion, imroobil i
zati on of the sal t cake , sludge , and termina l li quor, and emplacement in the ulti mate dis posal 
facili ty either ons i te or offs i te. The major difference between ons i te and offs i te di sposal 
would be in the number of disposal systems availab le and the requirement for packagi ng su itabl e 
for offsite transportation. 

The current solidification program may change the was t e recovery and treatment methods for 
ultimate disposal compared to treatment of liquid waste, but solidification to sal t cake does 
not foreclose options for ultimate disposal. In the f i rst place, any ultimate di sposal option 
wi ll have to start with salt cake fn semisolid form, si nce the equivalent 30,000 ,000 gallons of it 
al ready exists. and planned new waste generation will add only a small i ncrement to th is amount . 
In additi on, as more fully described in t he secti on i1T111ediat ely fo l lowing, t here are two 
processes under development suitable for salt cake, li quid or sludges , which may be used as 
the waste form for ultimate disposal . Neither the continuati on of the soli difi cati on program 
nor the discontinuance of that progr am woul d affect the availability of t hese improved waste 
forms if a decision is made to remove the waste (liquid or sal t) from t he tanks . 

As indicated in Section II .1.1.2.5 .5, recovery of pl utonium from Hanford soil st orage is 
necessary t o avoid the need for ultra-l ong-term surveillance. A research and development 
program fs underway to demonstrate the ability to recover pl utonium. Since May 1972 , 
essential ly zero amounts of pl utonium have been released to so il columns . Therefore, the 
current program does not affect ultimate disposal of such plutoni um . Although the ultimate 
disposal plan must consider the possi ble recovery of fiss i on products from soil columns , 
current plans are based on leaving f i ssion product materi als (not associated wi th plutoni um) 
in the soil columns for decay. See Section II.1.1.2 . 5. 6. The alternatives to the current 
program of discharging some fission products to soil columns are discussed in Secti on V.3 . 
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A development program is unden,ay which will ensure availability of the technology required to 
immobilize and dispose of Hanford waste which involves concentrated R&D in the following areas: 

• Salt Cake and Sludge Retrieval 

The objective of this task is to develop equipment and procedures for production-scale 
removal of solidified waste from the tanks. Conceptual designs have been prepared for 
alternate systens using vendor-supplied components developed for the mining and material 
handling industries. Vacuum, hydraulic, and mechanical systems are under evaluation rela
tive to cost, maintainability, lifetime, etc. One or more systems will be fabricated for 
testing with nonradioactive materials followed by demonstration on radioactive material 
in an actual retrieval operation. Salt cake could be recovered at any time. To do so 
in the next few decades would result in some radiation dose that could be avoided by 
waiting several hundred years for radioactive decay of most of the fission products . 

• Waste Fractionization 

Economic incentive may exist for the development of processes and equipment for the sepa
ration of the waste into a high-level waste and a chemical waste fraction to - reduce the 
volume of high-level waste requiring treatment and ultimate disposal. ERDA has recently 
initiated a program to develop waste fractionization processes to facilitate separation of 
the waste into a high-level waste fraction and a fraction which could be treated as a 
slightly contaminated substance. Laboratory scoping studies have confirmed that tech
nology exists for various elements of a process, and the task will be to develop these 
elements and others into a definitive process which could be demonstrated in a pilot plant 
facility. 

• Waste Immobilization 

Improved waste forms have been developed which are more suitable than salt cake for long
term storage and disposal. Desirable product characteristics include low dispersibility, 
low solubility, and low leach rates. Currently, two immobilization processes are under 
active development. One process, which appears particularly suitable for salt cake and 
terminal liquor, is referred to as the aqueous silicate process. The other process, called 
the silicate melt process, is applicable to sludges as well as salt cake and terminal liquor . 

l) Aqueous Silicate Process - The waste, in an aqueous form, is mixed with a Bentonite, 
Kaolinite, or other suitable clay, and undergoes a low-temperature consolidation 
reaction yielding a relatively insoluble, monolithic product similar to unfired 
ceramic . The process has been successfully demonstratea, on the laboratory scale, 
using both simulated and actual waste. Engineering studies are unden,ay to develop 
a flowsheet and equipment which would pennit pilot scale de1T0nstration and ultimate 
production-scale operation of the process. 

2) Silicate Melt Process - The waste is mixed with ground basalt or Hanford sand and 
melted in a crucible to yield a glass product similar to that produced with co1T1T1ercial 
waste. Trade-off studies are being conducted between the lower leach rate and lower 
solubility of the silicate melt product and the advantages of low temperature opera
tion of the aqueous silicate process. Batch quantities of this product have been pro
duced on a routine basis in laboratory experiments. 

• Waste Packaging 

Various packaging modes ranging from high integrity canisters to bulk storage are being con
sidered in the effort to develop a container suitable for onsite storage of the waste. The 
packaging mode will be highly dependent on whether the waste is stored in an engineered 
facility for ·an extended period or cam1itted directly to ultimate geologic disposal . 

• Waste Processing Facility 

The present program is limited to consideration of scale-up of processes for production
scale operations. Once the flowsheets are developed, functional design criteria will be 
established and conceptual designs for facilities will be prepared. 

V.2.5.2 R&D Support for In-Tank Storage [RPB] 

A comprehensive R&D program is undeni,ay to determine the period of time during which salt cake, 
sludge, anct terminal liquor can continue to be safely stored in underground tanks and to deter-
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FIGURE V-1 R&O MILESTONES FOR STUDYING DISPOSAL OF HANFORD HIGH-LEVEL SALT CAKE WASTE 

mine the engineered improvements that might be used t o extend the safe storage period. Con
tinued storage of a stable waste form in tanks allows in-place radioactive decay of fission pro
ducts prior to implementation of programs to relocate or roodify the salt waste for ultimate 
disposal of the very long half-life materials in the salt waste. The decay of fission products 
should significantly simpli fy any · subsequent excavation of the waste materials, minimize the 
potential radiation exposure to the work force, and may reduce the cost of an excavation opera
tion. Fi gure V-1 shows a milesto ne chart for the basic R&D. 

ERDA's in-tank waste management R&D program has been segmented into two phases for planning pur
poses: 1) near-term use of in-tank storage and 2) extended use of in-tank storage. Research and 
development activity supporting in-tank storage is concentrated in the following key task areas: 

• Failure Mode Analysis 

Fault tree analysis techniques developed for the NASA programs are being applied to identify 
events which could result in a release of radioactivity to the environment. Consideration 
is being given to both natural and man-caused events ; failure roodes are being identified and 
ranked using existing engineering experience . An understanding of these events will both 
provide direction to R&O programs and identify possible beneficial roodifications in waste 
physica l and/or chemical form, the waste tank structure, or the environment around the waste 
storage area which could increase the confidence level in continued tank storage . Results 
of these analyses will provide a technical basis for the decision to either establish a date 
to begin rerooval of the waste or to proceed with engineered roodifications to the waste tank 
system. Criteria for acceptability l imi ts are being developed using results of the failure 
roode analyses, radionuclide migration studies, etc. Although the evaluation of potential 
engineered improvements has recently been initiated, several improvements have already prom
ise for extending the usable life of the tanks for storage of solidified waste . Development 
for engineered improvements should be completed by the early 1980's. 

• Storage Structure Degradation 

The primary high-level waste storage container for salt cake is the concrete tank. Lack of 
sufficient quality control documentation on the majority of the steel tank liners prevents 
credit being taken for the steel liner as a containment barrier. Consequently, major 
emphasis will continue to be placed on thermal, chemica.1, and radiation effects on concrete 
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deterioration. Studies have been initiated on the corrosive effects of salt cake, sludge, 
and terminal liquor- on concrete tank materials. Preliminary engineering examination of 
representative concrete samples taken from the tanks show no evidence of degradation. Test
ing of concrete samples will continue throughout the next decade to permit observation of 
any long-term changes which might occur in the concrete. 

• Salt Cake Stabil i ty 

Chemical stabil i ty of the salt cake is necessary for storage of high-level .waste in tanks. 
Studies have been initiated to assess the presence of chemical reactions which could occur 
either between the existing tank contents and structural materials or as a result of planned 
or unplanned addition of material to the tanks. Initial studies have focused on nitrate
organic instabilities. Preliminary shock sensitivity tests on NaN0 3-organic resin (ion 
exchange) mixtures in July 1974 showed no evidence of shock-initiated instabi l ity . Salt 
cake characterization studies wiil include determination of the potential for radionucl i de 
release due to radiation effects, release of chemically bound water, leaching, and moisture 
roovement. 

• In-Place I1T1110bilization Methods 

The objective of this task is to assess the feasibility of in-place conversion of the high
level waste into a highly insoluble and nondispersible form, with a resultant increased 
confidence level for extended storage in tanks. 

A preliminary engineering analysis of in-place irrroobilization of high-level waste reveals 
many significant problems. For example, consideration has been given to i n-place irrroob i
lization of the waste using low temperature consolidation such as the aqueous silicate pro
cess. In this process, powdered bentonite or kaolinite clay is mixed with the liquids in 
the tank and allowed to consolidate at a low temperature (100°C) to form a relatively 
insoluble, nondispersible product similar to unfired ceramic. The product is an 
aluminosilicate mineral called cancrinite, containing salt and radionuclides in a crystal
line matrix. Although the material has been successfully produced routinely in laboratory 
and batch scale runs, the requirement for near complete mixing of the materials may reduce 
the feasibility of application of the process to in-tank waste. Process tests are being 
planned. Alternate processes will continue to be examined and evaluated relative to their 
engineering feasibility. 

• Surveillance and Monitoring and Groundwater Management 

A comprehensive air and water surveillance and monitoring program is being maintained to 
evaluate any radioactive waste material roovement into pathways that could lead to human 
exposure. Soil roonitoring by dry wells and sampling is being used to detect movement of 
radioactive materials from storage locations. These surveillance and monitoring programs 
are described in earlier sections of this statement. The activities can be briefly sum
marized as follows: 

1 ) 

2) 

Radionuclide Transport - Programs are in progress to provide additional data on the 
transport of surface waters through the sediments to identify potential interactions 
of waste and groundwater. Transport roodels are under development for use in analyzing 
the dose to man resulting from a hypothetical release. The roodels will be suffi
ciently detailed to permit sensitivity studies on the effects of rooisture, soil 
retention, etc. These studies will continue. 

Analysis of Seismic Stability - Seismic data have been collected in a continuing pro
gram at Hanford. Studies wi l be continued ·to assess the probability of occurrence, 
probable magnitude, and postulated consequences of a seismic event relative to 
changes in tank integrity. 

3) Groundwater Monitoring and Management - The groundwater roonitoring program is an 
ongoing program which supports total operations at the Hanford site. Future activi
ties will be focused on the tank farm areas to deveiop a more specific hydrologic 
data base to ensure the absence of significant changes in hydrologic patterns which 
could result in redissolution and transport of the waste from the tank envelope. For 
example, attention will be focused on possible impacts of increased offsite irriga
tion or the future construction of onsite ponds or condensate discharge areas on the 
hydrology of the tank farm area. Such changes would be detected through the moni
toring program, and termination or relocation of recharge sources could be effected 
to permit continued safe storage of the waste in tanks. 
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V.2.5.3 Management of Encapsulated 137cs and 90Sr 

A large fraction of the radioactive strontium and cesium is removed from the bulk mixed fission 
product waste and doubly encapsulated as strontium fluoride and cesium chloride. The capsules 
are stored in a controlled water temperature and water chemistry basin which is monitored rou
tinely. The design life of these capsules is 600 years (which is equivalent to approximately 
20 half-lives of strontium and cesium). During the next decade a decision will be made whether 
to continue basin storage or to engineer an improved storage facil i ty. 

V.3 OTHER RADIOACTIVE LIQUID WASTE 

V.3 .1 Current Program 

In addition to .the high-level liquid waste from fuel processing plants, large volumes of waste
water both with and without low concentrations of radioactive materials are produced during 
operations. For some of this waste, it is practical to reduce the radioactivity to levels within 
established standards for release to uncontrolled areas by treatment methods such as ion exchange , 
evaporation, or retention to allow for the decay of radionuclides. 

The effluents discharged to the ground contain levels of radioactivity which, while unacceptable 
for release to uncontrolled areas, are at a level where they may be safely released to controlled 
areas with suitable natural characteristics.* Present practice is to use soil columns , seepage 
basins , evaporative ponds or retention ponds to reta i n radionuclides. Wherever such practices 
are , followed , a continuing program of ext ensive monitori ng maintains knowledge of the locations 
of the radionucl i des . 

The practice of using the favorable ion exchange properti es of some soils to remove radioac
tivity from liquid waste and confine it in soil columns is a well established procedure. Howeve r, 
an implicit assumption is that favorable environmental conditions will exist until the 
radioactivity in the soil columns decays to innocuous levels. Because of the long-term burden 
of control and surveillance inherent in the use of a technique tha t results in local accumula
tions of radioactivity in soil columns, the ERDA program at Hanford is based on t he goal of 
reducing the concentration .of radionuclides in effluent streams to the lowest t echnically and 
economically practical levels . Even so, plutonium di scharged to the soils requi res recovery at 
a later date . 

The largest current environmental impact from liquid waste is from the release of liqu id waste 
to 100-N Crib and subsequently to the Columbia River . The EPA and others mainta i n that discharge 
of N Reactor effluents to the N Reactor cri b and trench i s env i ronmenta l ly unacceptable in the 
hydrol ogi cally active regime that exi sts at Hanford. (The alternatives to con tinued use of the 
N Reactor cri b and trench are discussed i n this section . ) The seepage f rom th is disposa l si te 
is monitored t o esti mate t he quanti ty of Hanford generated waste that may reach the r iver . Also, 
t he r iver itself i s monitored to detennine and record the quant ities actually present . The rad io
nuclides that ent er the Col umbia River f rom the N React or operations result in a population dose 
of about 1.0 man-r em/yr . The normal background dose i s about 27,400 man-rems/yr . The dose t o 
the publ ic from the radionucli des released to the ground in the 200 and 300 Areas i s less than 
0. 1 man-rem/yr . 

Table V-5 sunmarizes the programs planned and budgeted through FY-1975 for liquid effluent waste 
cleanup. All of these programs are designed to reduce radionucli de discharges or to provide 
increased control over radionuclides during both normal operations and potent ial accident condi
tions. A summary description of each of these programs is provided in Table V-6. 

V. 3. 2 Ligui d Waste Treatment Alternatives [X. 14] 

V. 3. 2. 1 100 Areas [X . 18] 

The faciliti es and programs planned and/or under constructi on for FY-1 973 through FY-1975 are 
gi ven in Table V-6 . Five alternatives to treatment of wa t er discharge streams contain i ng radio
nucli des from the N Reactor are li sted i n Tabl e V-7, along with curies discharged, the cost 
estimate and the i nstallation t i me required fo r each. 

* The EPA, the Natural Resources Defense Counci l and others bel ieve that no liquid effluent with 
radionuclide concentrations greater than those permitted for discharge in uncontrolled areas 
should be discharged to the soil within the controlled areas of the Hanford Reservati on . The 
ERDA also believes that such discharges should be di scontinued as soon as it is technica ll y 
and economically feasible to do so. This statement examt nes the consequences of the current 
discharge practices; the ·costs for treatment and cleanup of the liquid waste streams are dis
cussed in t his section. 
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TABLE V-5 

LIQUID WASTE MANAGEMENT FACILITIES AND ACTIVITIES PLANNED AND UNDER 
CONSTRUCTION FY-1973 THROUGH FY-1975 

100 AREAS 

N Reactor Control Rod Coolant Dump System 

N Reactor Gravity Drain and Disposal Basin 

200 AREAS 
Waste Management Effluent Control (B Plant) 

Contaminated Soil Removal Facility 

Purex Anlllonia Scrubber Waste Cone . 

Purex Condensate Recycle 

Waste Management Effluent Control 

300 AREA 
300 Area Liquid Waste Disposal 

Replace and Upgrade 300 Area Contaminated Waste Line 

Total 

TABLE V-6 

Cost 
$ 75,000 

445,000 

1,000,000 

1,000 . 000 

405,000 

450,000 

410,000 

190,000 

400,000 

'\, $4,400,000 

DESCRIPTION OF RADIOACTIVE LIQUID WASTE MANAGEMENT FACILITIES 
AND ACTIVITIES PLANNED AND UNDER CONSTRUCTION FY-1973 THROUGH FY-1975 

100 AREAS 

N Reactor Control Rod Coolant Dump System $75,000 

Valves and piping will be provided in the N Reactor control rod coolant system to provide a posi
tive way to discharge this stream to the 1301-N crib, thus further reducing the potential for 
discharging small amounts of radioactivity to the river. 

N Reactor Gravity Drain and Disposal Basin $445,000 

An emergency disposal basin will be installed east of the existing 1301-N Crib. The purpose is 
to provide an adequate emergency cooling water disposal capacity in case of l) an emergency dump 
of the N Reactor primary loop to the dump tank followed by once-through cooling, and/or 2) a 
cooling system break inside the 105-N or 109-N Buildings and a concurrent drain pump failure. 
Emergency drainage sufficient to prevent direct overflow of contaminated water to the Columbia 
River and to prevent possible water damage to the 105-N and 109-N Buildings will be provided. 
The basin will provide a soil column 25 to 30 feet deep between the bottom of the basin and the 
average groundwater level for absorption of radioactivity. 

200 AREAS 

Waste 'Management Effluent Control (B Plant) $1,00G,:JOO 

Four waste effluent streams, 1) 244-AR cooling water, 2) B Plant cooling water, 3) B Plant steam 
condensate and 4) B Plant process conderrsate will be provided with lined trenches, monitoring, 
and automatic diversion facilities such that in event of accidental contamination of these 
streams, the waste will be contained and recycled rather than released. 

V-16 



0 

') I 

- , 

Contaminated Soil Removal Facility 

TABLE V-6 (Continued) 

200 AREAS (Continued) 

$1,000,000 

Plutonium containing soil will be removed from the underground disposal crib 216 Z-9 for packag
ing and restorage in facilities affording retrievability provisions. 

Purex Anmonia Scrubber Waste Concentratfon Facilities $405 ,000 

The amount of radioactivity in the Purex Anmonia Scrubber waste discharged to a covered trench 
will be reduced significantly by providing for routing of all _of this stream to an existing con
centrator system. The decontaminated condensate will be routed to a crib and the concentrated 
radioactivity will be routed to underground tanks. 

Purex Condensate Recycle $450,000 

This project provides for recycling condensates from the 1) backcycle concentrator as extractant 
for the first uranium cycle and as the scrub solution for the first decontamination cycle, 
and 2) first uranium cycle concentrator as the final uranium cycle extractant. With the pro
posed facilities, all process condensates except the final uranium concentrator condensate, 
which is well within release limits established by the ERDA, would be recycled within the Purex 
Plant. This provides for a significant reduction in the amount of radioactive material dis
charged to the ground. The total population dose from all 200 Area pond and crib discharges is 
about 1 x 10-6 man-rem/yr . This project prevents some discharge of radioactive material to the 
soil but makes no change in the essentially zero population dose resulting from past pond and 
crib disposal practices. 

waste Management Effluent Control $410,000 

Diversion facilities will be provided to detect contamination which may accidentally enter nor
mally nonradioactive cooling water streams and stream condensate from the Purex plant and to 
divert such an affected stream to either a lined and covered reservoir or to existing waste 
tanks for decontamination. 

300 AREA 

300 Area Liquid Waste Disposal $190,000 

The existing process waste system will be provided with new leaching trenches, a sampling station 
and two rmnitoring wells. The new leaching trenches will replace the existing process ponds. 
thus el iminating the possibil ity of leaching the minerals which have accurrulated over the years 
to the river. The total population dose estimated from use of present process ponds is about 
0.04 man-rem/yr. This dose will be reduced by construction and use of the new leaching trenches . 

Replace and Upgrade 300 Area Contaminated Waste Line S400,000 

The existing entire radioactive contaminated sewer system consisting of a 6-in. trunk line fed 
by smaller 3- and 4-in. lines will be replaced and upgraded to eliminate the possibility of line 
deterioration resulting in the release of radioactivity to the ground. 

V.3.2.1.l Alternative 1 

Alternative l is the continuation of present operations with improvements as shown in Table V-6 . 

The radioactive liquid waste streams from the reactor are currently discharged to the ground at 
the rock-filled N Crib and the screened overflow treach extending about 1500 feet beyond the 
crib. About 5400 Ci/yr of radionuclides wi th half lives greater than 66 hours are expected to 
be discharged with these streams . At ·the discharge to the crib the concentrations of these 
radionuclides would generally exceed Table II, Annex A, ERDAM-0524 concentration guides. The 
longer-lived radioactive constituents of the 5400 Ci/yr discharged would be: 137Cs + 90 sr about 
110 Ci/yr, 60Co about 300 Ci/yr and tritium about 200 Ci/yr. 

Essentially all the water discharged to the crib eventually seeps into the Columbia River along 
a several mile stretch of the river below N Reactor . A few small springs appear at the river 
bank directly below the crib. The spring area represents the shortest time path for the dis
charge water flow to the river. The remaining water seeps into the river below its water level . 

V-1 7 



C'.) 

~ 

TABLE V-7 

N REACTOR EFFLUENT TREATMENT ALTERNATIVES 

Radionuclides Discharged. Ci/yr 
>66 hr half-l i fe 

To ~rib { Soi 1 l To River Costs, FY-77 $ 

6Dco 6Dco Annual Installation 

Total (a) 
+ 9Dsr 

Total(a) 
+ 901r Incremental Time, Months 

Alternatives + l37cs + 13 Cs Caeital Oeerating After Funding 
l • Continue Present 5,400 410 206 <l 

Operations 

2. Reinject Rupture 4,300 330 205 <l 600,000 12 
Monitor Bleed 
Loop 

3. N Fuel Basin 3,900 240 204 <l 2,200.ooo(b) 40,000 24 
Closed Loop 
Cooling 

4. Provide both 2,800 150 203 <1 2,800,000(c) 40,000 24 
Reinject Rupture 
Loop and Closed 
Loop Cooling 

5. Total Effluent 300 <1 200 <l 22,000.000 600,000 36 
Treatment plus 
N Basin Closed 
Loop Cooling 

(a) Incl udes 200 Ci/ y_r tri ti um which moves directly with the bulk water effluent . 
(b) The July 1975 cost estimate is 4 million dollars . 
(c) The July 1975 -cost est_imate is 4.6 million dollars . 

Based on the measurement of the radionuclide concentrations at the springs below the crib, about 
206 Ci/yr of radionuclides will be reaching the river. 

Of this 206 Ci/yr, 200 are tritium which moves directly with the bulk water discharged into the 
river . The river in CY-1974 moved about 40,000 Ci/yr of tritium from other sources (bomb-test 
fallout and natural). The tritium from N Reactor cannot be detected in the river above the 
tritium from other sources. The other 6 Ci/yr entering the river consist of less than 1 Ci/yr 
of combined 60eo. 90Sr and 137Cs; 2.5 Ci/yr of 131 I and the remainder other short-lived radio
nuclides (<2 yr> 66 hr half-lives). 

There are approximately 3300 Ci total radionuclides held in the soil. Most of these radionu
clides are near the floor of the crib and trench. The longer lived constituents are 1150 Ci of 
60Co, 430 Ci of 13 ~Cs and 160 Ci of 90sr and are slowly increasing with time. In addition, a 
small quantity of plutonium (below 1 nCi/g of soil) is just within the surface of the soil of 
the N Crib and trench. 

TI:ie maximum predicted flood (1.44 million ft 3/sec) would raise the river elevation to 423 feet 
MSL, still about 30 feet below the floor of the crib. The nonnal fluctuation of the river is 
between 410 feet and 380 feet MSL elevations. 

V.3.2.1.2 Alternative 2 

Alternative 2 is to prov1de reinjection of the rupture roonitoring bleed stream. 

The fuel rupture sample water drain system presently discharging about 250 gpm to the crib will 
be modified by intercepting the drain before depressurization and reinjecting the water back 
into the reactor primary recirculation system. Two reinjection systems are required for the lef' 
and right monitoring systems. A reinjection system will consist of redundant pumps, rated at 
125 gpm at 200 psig, mechanical filters, and instrumentation. The piping tie-in to the primary 
system will be made at the base of the reactor inlet pipe risers. 
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V.3.2.l.3 Alternative 3 

Alternative 3 provides closed loop cooling of the N fuel storage water with ion-exchange cleanup 
of the basin water. 

The fuel storage basin will be modified from an existing once-through cooling system, discha rging 
500 to 1000 gpm of water, to a recirculation cooling system, discharging 50 to 100 gpm of wa ter. 
The recirculation cooling system will be sized for a heat removal load of 4 MW. The system will 
circulate 2000 gpm of water through heat exchangers, cooled on the secondary side with river 
water. A side stream of the circulating water will be passed through sand filters to mainta in 
clarity of the water for fuel handling. Backwash of the filters will be discharged to a set
tling tank. The sludge from the settling tank will be .periodically transferred to a tank truck 
and transported to the 200 Areas for final disposal. A mobile ion exchange system, consisting 
of cation and anion columns of 350 gpm capacity, will be used to limit radioactivity in the 
storage basin water to acceptable radiation levels. Regeneration of the ion exchange columns 
will be performed at the treatment building. The pumps, heat exchangers, filters, and settling 
tank will be housed in a shielded concrete building of approximately 2500 ft 2 • 

V.3.2.1.4 Alternative 4 

Alternative 4 is to provide both Alternative 2 and 3. 

V.3.2 .1. 5 Alternative 5 

Alternative 5 provides total treatment of all effluent streams by ion-exchange along with closed 
loop cooling of the fuel storage basin and reinjection of the rupture JOOnitor bleed stream. ·This 
alternative requires construction of a radioactive effluent treatment facility which would treat 
all radioactive liquid effluents generated in N Reactor prior to discharge in the existi ng 
1301-N Crib. 

The treatment process would consist of filtration followed by three ion exchange columns in 
series (cation, anion, and mixed bed). Two parallel process lines would be· provided for the 
high and low purity effluent streams . The treatment would be continuous with routine effluent 
discharges of 800 gpm of wtrtctr400 gpm would be high purity and 400 gpm, low purity water . The 
treated water would be collected in 100,000-gal tanks and recycled back for N Reactor use or dis
charged into the 1301-N Crib. An upstream surge tank system of 1 ,000,000-gal capacity would be 
provided to collect effluents resulting from reactor upsets; fuel ruptures, graphite cooling , 
system dumps, etc . The ion exchange regeneration waste would be collected and concentrated 
with a 10 gpm evaporator. The concentrated waste would be transferred to railcars for final 
disposal in the Hanford 200 Area waste management facilities. 

The treatment process would be housed in a new concrete building with about 24,000 ft 2 of floor 
space , first floor and basement . The concrete walls and floors would be utilized for sh i elding. 
A control room, laboratory, change rooms for men and women, lunchroom, and toilet fac iliti es 
would be provided in the building. Automatic sprinklers, fire, radiation, and evacuation alarm 
systems would be installed in the new facility to comply with current ERDA standards. 

N Crib could be JOOved further inland , thus JOOving the soil column containing the radionuclides 
further from the river. This could be done along with any of the effluent t reatment alternatives 
listed above. Since this action would not reduce the quantity of radionuclides released to the 
ground, it was not included as an alternative. 

V.3.2.1.6 Bases for Evaluation of Alternatives 

The requirements to be met i n releasing liquid waste to the environment are identified in the 
ERDA Manua l Chapter ERDAM-0511 , paragraph 044 - Operating Criteria. The specific sections 
involved i n evaluati ng low-level liquid radioactive waste disposal practices are: 

• Radioactive waste disposal practices shall assure that radiation exposures to individuals 
and population groups will be at the lowest levels technically and economically practical 
(ALATEP) not exceed·ing the exposure standards in ERDAM-0524. 

• Radioactive waste disposal practices shall strive to reduce radioactivity releases to the 
ALATEP level. 

• The extent and/or degree of land contamination shall be minimized. 
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• As soon as technically and economically practical, the use of natural soil-columns as 
disposal sites for streams that exceed established standards for release of radioactivity 
to uncontrolled areas (Table II, Annex A, ERDAM-0524) shall be replaced with other 
treatment. 

• Diversion systems shall be provided for streams that normally meet Table II, Annex A, 
ERDAM-0544 Concentration Guides but have the potential for exceeding these values . 

Also considered in the evaluation of the alternatives is the buildup of 90Sr and 13 7Cs in the 
soil column as reconmended by the National Academy of Science in its 1966 report to the AEC . 

In the cost-benefit analyses~ Reactor is assumed to continue operations through 1990 (the 
design life of the reactor). The costs for an alternative case with N Reactor operating 
through 1983 are also provided. 

V.3.2 .1.7 Evaluation of Alternatives 

Calculated impacts of the proposed alternatives are compared graphically in Figure V-2 dose to 
the public Figure V-3 radionuclide releases to the river, Figure V-4 radionuclide releases to 
the soil, and Figure V-5 soil inventory of radionuclides >66-hr half-life. Table V-8 compares 
the alternatives in respect to ERDAM-0511 criteria while Table V-9 summarizes the impact/merit 
of the proposed alternatives in respect to ERDAM-0511 and cost. 

Continuing present operations would result in about a 55% increase through 1983 in the inventory 
of radionuclides held i n the soil below the N Crib and Trench. Thereafter, the inventory would 
decay out and in about 300 years, the concentration of radioactivity in the soil below the crib 
would approach that for the average natural background, with the exception of the small amount 
of plutonium which now exists close to the soil surface. The estimated dose to the public from 
future operations of 0.023 man-rem/yr is expected to continue through 1990 at which time it would 
decrease. Erosion of the bank by flood waters should not release significant quantities of 
radionuclides since the maximum predicted flood for the next 300 years results in a flow of 
1.44 million ft 3 with the transient water level 30 feet below the crib floor . Most of the radio
nuclides are held relatively close to the crib floor and only minor scouring of the river bank, 
approximately 800 feet from the crib is expected with the maxi111Jm predicted flood. The transi 
ent change in groundwater level below the crib during the maximum flood will not move sorbed 
radionuclides from the soil. 

The second alternative, reinjection of rupture 11Dnitor bleed water, would result in about a 40% 
increase through 1983 in the soil inventory of radionuclides (reduction from Alternative 1 is 
primarily short-lived radioactivity and 60co). The whole body dose to the population is reduced 
5% as a result primarily of a slight reduction in the radionuclides reaching the river. The 
cost of providing this capability is about $500,000. 

The third alternative, closed loop cooling of the N fuel storage basin water, results in about a 
40% reduction of an already low population dose rate (0.023 to 0.014 man-rem/yr). Also, the dis
charge of long-lived fission products ( 137Cs, 90sr) to the soil would be reduced more than 90%. 
The inventory of radionuclides in the soil below the crib would be in a "net decay mode." Assum
ing the basin cooling facility can be installed in mid-CY-1978, the inventory of radionuclides 
would drop nearly 25% from that time to the end of the operating period in 1990. This results 
in about a 10-year reduction in the decay of the inventory in the soil (over the 300-yr period 
to approach background radioactivity). The cost of this alternative is $2,200,000 capital and 
$40,000 annual operating, for a total cost of about $2,700,000. On a dose reduction basis, this 
cost is equivalent to about $270,000,000 per man-rem. The alternative cannot be justified on a 
dose reduction basis {in WASH-1538 the recornnended cost/benefit ratio is substantially less than 
$10,000 per man-rem reduction). However, the National Academy of Science reconmended in 1966 
that the AEC adopt a "net decay 11Dde 11 for crib operations. In view of this recornnendation and a 
90% reduction in the discharge of long-lived fission products to the soil, this alternative is 
marginally justifiable. 

The fourth alternative, which provides both rupture 11Dnitor bleed reinjection and N fuel storage 
basin closed loop cooling, results in about a 45% reduction of an already low population dose 
rate (0.023 to 0.013 man-rem per year). The discharge of long-lived fission products (90 sr, 
1 37Cs) to the soil would be reduced more than 90% and 60co would be reduced more than 50%. The 
inventory of radionuclides in the soil bilow the crib would be in a net decay mode, decreasing 
nearly 40% from mid-CY-1978 to 1990. This results in l!Dre than a 15-yr reduction in the decay 
period (300 years) to background radioactivity in the soil (except plutonium); after the year 
2010, the residual curies of radioactivity are essentially the same as for total cleanup of 
effluents attainable by ion-exchange (Alternative 5). The total cost of this alternative is 
$2,600,000 capital and $40,000 annual operating, for a total cost of about $3,000,000. This 
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TABLE V-8 

EFFECTIVENESS OF ALTERNATIVES TO SATISFY REQUIREMENTS (100 AREAS) 

ERDAM-O511 Requirement 
O5ll-O44a(l) ALATEP 
Personnel Exposures 

O5ll - 044a(2) ALATEP 
Radioactivity Discharge 

O5ll-O44a(4) Minimize 
the extent/degree of 
land contamination. 

O551-O44c ASATEP -
The use ·of soil columns 
for disposal of wastes 
with radiocontaminant 
concentrations greater 
than Table II, Annex A, 
ERDAM-O524 shall be 
replaced with other 
treatment . 

A lterna ti ve l 

No change. The annual 
whole body dose to the 
total population resulting 
from releases to the river 
is estimated to be 0.023. 
man-rem/yr. Approximately 
45% of this dose is from 
3H. This compares to 
27,000 man-rem/yr from 
natural background. 

No reduction in radioac
tivity discharges occurs. 
An estimated 5400 Ci/yr of 
radionuclides with half 
lives greater than 66 
hours will be discharged 
to crib through 1990. 

No additional land will 
be contaminated. 

The use of soil columns 
continues. The discharges 
to the crib exceed Table 
II, Annex A, ERDAM-O524 
guides for uncontrolled 
areas. Crib inventory of 
radionuclides will in
crease from about 3300 Ci 
in 1974 to about 5500 Ci 
in 1990 and decay there
after. 90sr and 13 7Cs 
inventories would increase 
from 800 to 2000 Ci and 
6 0co from 1300 to 2200 Ci 
in 1990. 

Only 131 ! concentration 
exceeds Table II, Annex A, 
ERDAM-O524 guides by 
about a factor of 5 at 
river bank springs. This 
area is now controlled, 
and control could be en
hanced by rock cover to 
inhibit access to spring 
water prior to dilution 
with river water. 
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Alternative 2 

No change . Estimated 5% 
reduction to 0.022 man-rem/ 
yr. 

Approximately 1000 Ci/yr 
reduction in shorter-lived 
radionuclides and 80 Ci/yr 
reduction in 60 co (300 to 
220) . 

No additional land area 
will be contaminated . 

The use of soil columns 
continues. The discharges 
to the crib would exceed 
Table II, Annex A, ERDAM
O524 guides for uncon
trolled areas. Crib 
inventories will increase 
fran about 3300 Ci in 1974 
to about 5000 Ci in 1990 
and decay thereafter . 
There would be no change 
in the inventory of 90sr 
and 137Cs from Alterna
tive l, but the 60co inven
tory would increase to 
1600 Ci (a reduction of 
300 Ci) in 1990. About 1-
yr reduction in decay time 
would be achieved over 
Alternative l. 

Only 131 ! concentration 
exceeds Table II, Annex A, 
ERDAM-O524 guides by 
about a factor of 5 at 
river bank springs. This 
area is now controlled, 
and control could be en
hanced by rock cover to 
inhibit access to spring 
water prior to dilution 
with river water. 
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Alternative 3 
Estimated 40% reduction to 
0.014 man-rem/yr. 

Reduction in overall radio
activity discharged to the 
crib will be achieved, 
from 5400 to 3900 Ci. Dis
char¥e of long-lived 90sr 
and 37Cs will be substan
tially reduced (110 Ci/yr 
to less than 10 Ci/yr), 
and 60 co would be reduced 
about 70 Ci/yr (300 to 
230). 

No additional land area 
will be contaminated. 

The use of soil columns 
continues. The discharge 
to the crib would exceed 
Table II, Annex A, ERDAM
O524 for uncontrolled 
areas. Crib inventory of 
radionuclides will ini
tially increase from 3300 
Ci in 1974 to about 4000 
Ci in 1978, then decrease 
to about 3100 Ci in 1990 
and more shargly there
after. The 9 Sr plus 
13 7 Cs would i ncrease ini
tially but decrease about 
20% after installation of 
facility to 1990. GOco 
would increase continu
ously about 24% (to 1700 
Ci). About a 1O-yr reduc
tion in decay time would 
be achieved over -Alternate 
1. 

About a 10% reduction in 
l3lI would be achieved. 

TABLE V-8 (Continued) 

Alternative 4 
Estimated 45% reduction to 
0.013 man-rem/yr. 

Total discharges reduced 
from 5400 Ci/yr to 2800 
Ci/yr with 90 sr and 1 3 7Cs 
reduced from 110 Ci/yr t o 
substantially less than 
10 Ci/yr and GOco from 
300 to less than 150 Ci/ 
yr. 

No additional land area 
will be contaminated. 

The use of soil columns 
continues . The discharges 
would exceed Table II, 
Annex A, ERDAM-O524 guides 
for uncontrolled areas. 
Crib inventory would ini
tially increase from 3300 
Ci in 1974 to about 4000 
Ci i n 1978, then decrease 
to about 2500 Ci in 1990. 
The combined Goco, 9°sr 
and l37 Cs inventories 
would increase initially 
but decrease about 20% 
after installation of 
facilities to 1990. 
About a 15-yr reduction 
in decay time over Alter
native 1 would be gained. 

About a 10% reduction in 
1311 would be achieved. 
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Alternative 5 
Estimated 55% reduction to 
about 0.01 man-rem/yr. 

Reduce radionuclide release 
to crib from about 5400 Ci/ 
yr to about 300 Ci/yr; how
ever, since Alternatives 3 
and 4 significantly reduce 
the discharge of long-lived 
nuclides, little benefit 
from reduction of short
lived nuclides will be 
realized. 

No additional land area 
will be contaminated. 

The use of soil columns is 
terminated in 1980 . Table 
II guides should be met at 
discharge to crib at that 
time. Crib inventory of 
radionuclides will initi ally 
increase from 3300 Ci in 
1974 to about 4000 Ci in 
1978 when Alternative 3 
fac ilities are i nstalled , 
then decrease to about 3300 
Ci in 1979 when remaining 
Alternative 4 facilit i es are 
installed, then decrease to 
about 1300 Ci in 1990 and 
contine to decay thereafter. 
The 90 sr and L37cs inven
tories would decrease about 
20% after installation of 
facilities to 1990 and 60co 
would decrease 80% during 
the same time. 

Table II guides would be 
met at river bank springs. 



TABLE V-9 

SUMMARY OF IMPACT/MERIT OF PROPOSED ALTERNATIVES (100 AREAS) 

ERDAM-0511 Requirement 
05ll-044a(l) ALATEP 
Personnel Exposures 

0511-044a(2) ALATEP 
Radioactivity Discharge 

0511-044a(4) Minimize 
the extent/degree of 
land contamination. 

0551-044c ASATEP -
The use of soil columns 
for di sposa 1 of, wastes 
with radiocontamtnant 
concentrations greater 
than Table II, Annex A, 
ERDAM-0524 shall be 
replaced with other 
treatment. 

CONCLUSION 

Alternative l 
Very low population dose 
(0.023 man-rem/yr). 

No change. 

No change. 

Use of crib treatment 
would continue with 2000 
Ci inventory increase 
to 1983. 

Table H guides exceeded 
for 131I at river springs. 
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Alternative 2 
About a 5% reduction in 
the very low population 
dose (to 0.022 man-rem/yr). 

Reduction of about 1000 Ci/ 
yr of short-lived radio
nuclides and 80 Ci/yr 60co, 
with $600,000 capital cost. 

No change. 

Use of crib treatment 
would continue with 1300 
Ci inventory increase to 
1990. Thereafter decay is 
same as Alternative 1. 

No change over Alternative 1. 

Not economically justifiable 
for small reduction in short
lived radionuclide discharge. 

f 
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Alternative 3 
About a 40% reduction in 
the very low population 
dose (to 0.014 man-rem/yr). 

Reduction of about 1300 Ci/ 
yr of short-lived radio
nuclides, 70 Ci/yr 60Co, 
and >100 Ci/yr of 90Sr 
plus 1 37Cs with $2.2 mil
lion capital and $40 
thousand annual operating 
costs. 

No change. 

Use of crib treatment 
would continue with 1000 
Ci inventory decrease 
after facility installed 
in 1978 to end of opera
tion in 1990. Equivalent 
to a 1O-yr decay period 
reduction over Alterna
tive 1. 

About a 1oi reduction in 
1311 over Alternative 1. 

Marginally economically 
justifiabl e on basis of 
reduction in discharge 
of long-lived radionu
clides and reduction of 
1O-yr decay period but 
not on exposure reduc
tion basis. 

TABLE V-9 (Continued) 

Alternative 4 
About a 45% reduction in 
the very low population 
dose (to 0.013 man-rem/yr). 

Reduction of about 2300 Ci/ 
yr of short-lived radio
nuclides1 150 Ci 60co, and 
>100 Ci 3 0sr plus 13 7Cs 
with $2.8 million capital 
and $40 thousand annual 
operating costs. 

No change. 

Use of crib treatment 
would continue with 2600 
Ci inventory decrease 
after facilities in
stalled in 1978 to end 
of operations. Equiva
lent to a 15-yr decay 
period reduction over 
Alternative 1. 

About a 1oi reduction in 
l31I over Alternative 1. 

Possibly econanical ly 
justifiable on basis of 
reduction in discharge 
of long-lived radionu
clides and 15-yr reduc
tion in decay period 
but not on exposure 
reduction basis. 
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Alternative 5 
About a 55% reduction in 
the very low population 
dose (to 0.01 man-rem/yr) . 

Reduction of 4500 Ci/yr 
of short-lived radionu
clides, 300 Ci/yr 60co, and 
>100 Ci 90Sr plus l3 7Cs 
with $22 million capital 
and $600 thousand annual 
operating costs. 

No change . 

Use of crib trea1Jnent 
discontinued after 1979 
with 3000 Ci inventory 
decrease after facilities 
are installed to end of 
operations . Equivalent 
to a 2O-yr decay period 
reduction over Alterna
tive 1. 

Will meet Table II guides 
at springs. 

Use of soil column treat
ment eliminated but at 
high cost. Cannot justify 
benefits on an economic 
basis over Alternative 1. 
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alternative also cannot be justified on a basis of reducing the dose to the public but possibl y 
can be justified on reduci~g the soil inventory of radionuclides and attaining a net decay mode 
of operation. 

The fifth alternative would treat all liquid effluents by ion-exchange to meet Table II, Annex A, 
EROAM-0524 concentration guides in addition to providing the facilities described in Alterna
tives 2 and 3. The dose rate to the population would be reduced about 55% from an already low 
population dose rate (0.023 to 0.01 man-rem per year). A reduction of about 99% in release of 
long-lived fission products (90Sr, l3 7Cs), as well as 6 0Co, over the present operating mode 
would be achieved. The inventory of radionuclides in the soil would be reduced nearly 60% 
beginning after 1978 to the end of the operating period (1990). This results in about an addi 
tional 4-yr reduction in the decay of the inventory over Alternative 4 in the year 2000, but 
after a few additional years of decay, the residual radionuclide inventory in the soil is essen
tially identical for Alternatives 4 and 5. The cost for this option is about $22,000,000 capi 
tal and $600,000 annual operating for a total cost of nearly $30,000,000 through 1990 . The cos t 
appears excessive for the small gain in benefft over Alternative 4. 

The relocation of N Crib and Trench further inland would result in the contamination of addi 
tional soil although at a very low level . This would not detectably reduce the populati on dose 
rate and would not change the total radionuclide inventory in the soil . It wou ld place the radio
nuclides further fran the Columbia River. The amount of radionuclides which wou ld be deposi t ed 
in the soil for decay further fran the river would range between about 75% of the tota l for Al ter
na t ive 1 (no change in effluent cleanup) to about 50% fo r Alternative 4 and less than 5% for 
Alternative 5 in the year 1990. For Alternatives 4 and 5 most of the radionuclides that wou l d 
be deposited further from the river are relatively short- li ved and after about the year 2000 , 
more than 95% of the inventory would be located below the present crib and trench. Little 
incentive exists for moving the discharge point if Alternatives 3, 4 or 5 are adopted, but the 
move may be justificable if Alternatives 1 and 2 are adopted. The cost of relocation is 
expected to be about $500,000 to $1,000,000. 

V.3.2.2 200 Areas 

The four alternati ves to treatment of water discharge streams containing radionucl i des f rom the 
200 Area facilities are given in Table V-10 along wittLthe curies discharged, the cost esti
mate and the instal lation time for each alternative . 

V. 3.2.2.1 Alternative 1 

Al t ernative 1 i s the continuation of present operations with improvements, as shown in Tab le V- 5. 

The liquid waste streams currently released to the ground wh i ch exceed Tab l e II , Annex A, 
EROAM-0524 concentration gu i des are : 

• AY , AZ Tank Farm Process Condensate 

• 242-T Waste Evaporator Process Condensate 

• B Plant Process and Steam Condensate 

• Purex AnmJnia Scrubber and Process and Steam Condensate 

The AY, AZ Tank Farm waste stream will be routed to 242-A Evaporator-Crystall i zer when that new 
faci lity is brought into operation in mid-CY-1976. The 242-T Waste Evaporator di scharge wi l l 
al so cease at that time since the 242-T Evaporator will be shut down when the 242-A Evaporator
Crystal li zer i s brought on line . The radioactivity expected to be di scharged annua ll y from the 
rema i ning waste streams is shown i n Table V-11 . Current practice is to discharge these streams 
to existing cr i b sites; use of a speci f ic crib si te is di sconti nued when long- li ved radionu
cl i des (9°sr , l 37Cs) are detected in the groundwater at t hese crib si tes. 

At the end of 1974 approximate ly 7000 curi es total radi onucl ides are i n the soil bel ow the active 
cribs. All the cribs are now in a net decay mode except the cribs serving the B Plant di scharges . 
These cribs have an inventory of less than 100 curies . The inventory i s increas i ng about 20% per 
year through 1979 and less than 10% per year thereafter . Table V-12 provides an approximate 
(±30%) inventory of radionuclides in the soil at these acti ve crib sites. 
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TABLE V-10 

200 AREAS RADIOACTIVE WASTE DISCHARGE TREATMENT ALTERNATIVES 

Average Radioactive 
Discharges Ci/yr 

90sr + 

Costs, FY-77 $ Installation 

137cs Tritium Total 
Annual Time, Months 

Alternatives Capital Operating After Funding 

1. Continue present operations. 

B Plant 7 7 40 

Purex <0.2 12.000 12.000 

2. Evaporate the B Plant process and/or steam condensate discharge streams 
by routing these streams to the 242-A and/or 242-S Evaporators . 

B Plant 

Purex 

<0.1 7 7 1,000,000 1,000,000 
to 

c0 . 2 12,000 12,000 1,500,000 

3. Evaporate Purex a1111Dnia scrubber and/or process condensate discharge 
streams by routing these streams to 242-A and/or 242-S Evaporators • 
The two existing evaporators do not have the capacity to evaporate 
the remaining Purex discharge stream. 

B Plant 7 7 40 500,000 
to 

Purex <0.1 12.000 12.000 750,000 

4. Evaporate all discharge streams by routi_!"lg them to a new central 
evaporator facility . 

600,000 

B Plant . <0.1 7 7 30,000,000 3,000,000 
to 

Purex <0 . 2 12,000 12.000 35,000,000 

TABLE V-11 

AVERAGE ANNUAL RADIONUCLIDE DISCHARGES - 200 AREAS (POST 1976) 

Facility Stream Total 3H 90sr 

B Plant Process Condensate 40 7 <3 
B Plant Steam Condensate cl <O . 1 <0.1 
Purex Steam Condensate 5 <0.1 <0 . 3 
Purex Alllnonia Scrubber cl90 <150 <0 . 1 
Purex Process Condensate 12.ooo<a) 12.000 <0 . 01 

(a) Total discharged other than tritium is less than 5 Ci/yr. 
Note: "<" reflects the limit of analytical detection. 

V.3.2.2.2 Alternative 2 

137 Cs 

<4 
<O. l 
<0 .3 
<0 .05 
<0 .02 

24 

24 

36 

Alternative 2 provides for evaporation of the B Plant discharge streams by routing these streams 
to the 242-A and/or· 242-S Evaporators. The two evaporators do not have sufficient capacity to 
evaporate the remaining two Purex discha~ge streams. 

The flow scheme to the evaporator and to the waste disposal sites is detailed in Figure V-6. 
TIie concentrations of the major radionuclides of concern and the relationship between the dis
charge concentrations and the guide discharge limits from ERDAM-0511 as related to EROAM-0524 · 
Table 2 for release to uncontrolled areas are given in Table V-13. 
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TABLE V-12 

B PLANT AND PUREX ACTIVE CRIB DECAYED INVENTORIES (12/31/74) 
Inventorl 1 Curies 

Crib Total Beta 90sr 137cs 

216-8-55 - B Plant Steam Condensate <65 10 20 

216-8~2 - B Plant Process Condensate <25 5 5 

216-A-10 - Purex Proc. Condensate 2300 120 120 

216-A-30 - Purex Steam Condensate 660 150 170 

216-A-368 - Anmonia Scrubber 4000 490 500 

STEAM CONDENSATE 120 gpm 

- B PLANT , 

PROCESS 
- - CONDENSATE 

40gpm 

~, V 

BOILING 10 gpm 
ATE WASlt BOILING WASTt RETENTION OPER 

SEQUE NTIALLY TANK CONDENSATE-
EVAPORATOR -+ - BASINS FACILITY FARMS 

PUREX 

i 1gpm 

AMMONIA 
CONDENSATE 

TO 
WASTE 
TANK 

35 gpm 

STEAM CONDENSATE 400 m 

PROCESS 
CONDENSATE 20 gpm 

FIGURE V-6 EFFLUENT TR~TMENT, ALTERNATIVE 2 

TO CRIB 

TO 
POND 

This alternative could be operational about 2 years after funding is authorized. There woul d be 
no reduction in the essentially zero population dose (~1 x 10-6 man-rem/yr ) resulting from the 
discharge of liquid waste to ponds and cribs. 

Vo3. 2.2.3 Alternative 3 

Alternative 3 provides for evaporation of the Purex anmonia scrubber and/or process condensate 
discharge streams by routing these streams to an existing evaporator. The exi sting evaporat ors 
do not have the capacity to also evaporate the remaining Purex an~ B Plant discharge streams . 
This alternative could be operational about 2 years after funding is authori zed. Implementation 
of this alternative would not reduce the essentially zero populat ion dose (~l x 10-6 man-rem/yr) 
resulting from the discharge of liquid waste to ponds and cribs. 
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TABLE V-13 

PRESENT RELEASES TO CRIBS UNDER CURRENTLY FUNDED PROGRAM 

Flow Nonnal Conditions 
Rate Radio- Concentration Factor of 

Stream ~ nuclide (1,!Cilml l Guide7 

Purex 
Process Condensate 20 90sr 1 X 10-7 <l 
Steam Condensate 400 90sr 2 X 10-6 7 
NH3 Condensate 35 90sr 5 X 10-6 17 

B Plant 
Process Condensate 40 90sr 4 X 10-4 1300 
Steam Condensate 120 90Sr l x 10-5 30 

Tank Farms 

242-S Process Condensate 40 106Ru X 10-6 <O . 1 
242-A Process Condensate 40 106Ru X 10-6 <O. l 
241-A-AX-AY-AZ 

Process Condensate 10 90Sr x l 0-? <'1 

V.3.2.2.4 Alternative 4 

Alternative 4 provides evaporation of all discharge streams by routing them to a new central 
evaporator facility. 

This alternative requires additional equipment, facilities, and modifications to reduce the 
amount of radioacti-ve releases to cribs and ponds from the Hanford 200 Area operations by pro
yiding capability to monitor, control, or treat all process waste streams and by providing addi
tional contamination confinement barriers. Radioactivity content of effluents would be reduced 
to below the guidelines of ERDAM-0524 for releases to uncontrolled areas. 

This alternative would include: 

• a rrultiple-effect evaporator sized for a 500 gallon-per-minute (gpm) boil-off for streams 
which are potentially acidic 

• a multiple-effect evaporator sized for 75 gpm boil-off for streams containing dissolved 
arrroonia 

• an evaporator building to house all of the components of the evaporator system and to pro-
vide personnel and support facilities 

• a 150,000-pound-per-hour addition to the existing 400,000-pound-per-hour steam plant 

• a 16,000 gpm cooling tower with basin and circulating pumps 

• three 1,000,000-gal, three 60,000-gal, nine 500,000-gal, three 200,000-gal, and six 
100,000-gal retention basins for control, monitoring, and sampling of process streams 
before discharge to surface disposal 

• closed ~ircui~ secondary cooling systems 

• contamination confinement barriers 

• a low-level laboratory for radiochemistry analysis of process streams 

• a central control system for complete supervision of all operations. 
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This project would 1) reduce the aroount of radioactivity released to cribs and ponds from the 
200 East and 200 West Area processes. 2) increase capability for monitoring effluents, 3) pro
vide for early warning of increases in radioactivity in the effluents, 4) increase the number of 
barriers between the process material and the environment, and 5) generally strengthen control 
of process confinement systems. The proposed facilities, integrated with improvements funded 
in prior years, would provide capability to process, monitor, control, and dispose of process 
liquid streams which 1) routinely exceed disposal limits. 2) have a high risk potential of 
exceedi ng disposal limits. or 3) have a low but credible risk potential of exceeding disposal 
limits . Additional contamination barriers would be provided to protect the environment from 
radioactivity during both nonnal operations and maintenance activities. The low-level laboratory 
would provide the capacity required to conduct the extensive sampling and monitoring programs 
essential to total control of low-level radioactivity releases. At least 30 acres of new land 
would be required for the facilities. The flow scheme for this effluent treatment plan and the 
waste disposal sites is detailed in Figure V-7. 

Adopti on of this alternative would limit yearly releases to soil columns (for Purex process ing 
900 ton/yr of N Reactor fuel) to essentially zero for both. plutonium and fission products. The 
concentrations of all effluent streams would be below ERDAM-0524 Table II limits for release to 
uncontrolled areas. The population dose of about l x 10-6 man-rem/yr would be reduced . 

OPERATE 
SEQUENTIALLY 

B PLANT 

cOILING 
"✓/ASTE 

TANK 
FARMS 

STEAM 
CONDENSATE 120 gpm 

PROCESS 
CONDENSATE 

dO gpm 

. , . , 
10 gpm ~JEiv 

BO1 LI NG WASTE • 500 AND 75 gpm 
i---C-ON_D_E-NS_A_TE_~r.i EVAPORATOR -

FAC ILITY 

420 
gpm 

'. .~ 6 gpm 

', 

RETENTION TO 

SASI NS f+POND 

STEAM 
AND PROCESS 

,-------------. CONDENSA lE 

TO WASTE. TAN K 

PUREX 

AMMONIA CONDENSATE 35 gpm 

FIGURE V-7 EFFLUENT TREATMENT, ALTERNATIVE 4 

V. 3.2. 2. 5 Evaluation of Alternatives 

The eva luation bases are the same as listed for the N effluent treatment alternatives in the 
preceding section . 

Table V-14 compares the alternatives in respect to ERDAM-0511 criteria. Table V-15 summari zes 
the impact/meri t of the proposed alternatives in respect to 0511 and cost. Figure V-8 shows the 
gross soil inventory of radionuclides at Purex and B Plant cribs for the fo ur alternatives as a 
function of time. Figure V-9 shows the incremental soil i nventory for the four alternatives . 
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TABLE V-14 

EFFECTIVENESS OF ALTERNATIVES TO SATISFY REQUIREMENTS (200 AREAS) 

ERDAM-0511 Requirement 

044af1) ALAf P personnel exposures 

044aF> ALAT P radioactivity 
discharge 

044a(4) 
Minimize the extent/ 
degree of land con
tamination. 

044c 
ASATIP the use of soil 
columns for disposal of 
wastes with radiocon
taminant concentrations 
greater than Table II, 
Annex A, ERDAM-0524 
shall be replaced with 
other treatment. 

Alternative 1 
No change. Current assess
ments do not quantify an 
exposure dose to personnel 
due to liquid waste dis
charges to soil columns 
from 200 Area operations . 

No reduction in radioac
tivity discharges occurs . 
An estimated 2000 curies 
of total beta activity 
plus tritilJll will be dis
charged to cribs by these 
waste streams through 
1992. (Ass1J11es N Reactor 
operates through FY-1990) . 

If the existing crib sites 
continue to be usable, no 
additional land contamina
tion will occur. The con
tinued discharge of tens 
of curies per year to 
these crib sites will add 
approximately 1-1/2 years 
to their decay time (rela
tive to the decay history 
associated with Alterna
tives 2 or 3 over a 500-
yr period). 

The use of soil columns as 
treatment sites continues 
for all B Plant and Purex 
waste. The overall inven
tory of radioactivity in 
active cribs will decrease 
about 4400 curies to 1992, 
but the B Plant crib inven
tory will increase 200 
curies during this time 
period. 

Alternative 2 
No measurable change. Cur
rent assessments do not 
quantify an exposure dose 
to personnel due to liquid 
waste discharges to soil 
columns from 200 Area 
operations. 

A reduction of about 500 
curies of radioactivity 
discharged to cribs would 
be achieved . 

If the existing crib sites 
continue to be usable, no 
additional land contamina
tion will occur. A small 
decrease in the extent of 
land contamination will also 
result. Approximately 2 
years reduction in decay 
time of the involved cribs 
will be achieved relative to 
the decay time for Alterna
tive 1. 

The use of soil columns as 
treatment sites for Purex 
steam and process condensates 
(at concentrations exceeding 
Table II, Annex A, ERDAM-
0524 guides) continues. The 
overall inventory of radio
nuclides in active cribs 
decreases about 4600 curies 
by 1992 and the B Plant crib 
inventory after 1979 will 
decrease about 170 curies by 
1992. 

Current environmental monitoring programs do not show 
radiocontaminant concentrations (except tritium) greater 
than Table II, Annex A, ERDAM-0524 in water systems 
interfacing with 200 Area cribbed waste. This will not 
h~ changed with Alternatives 2, 3 or 4. The same quan
tity of tritium (210,000 Ci) will be released with all 
four alternatives with groundwater immediately below the 
disposal crib being contaminated with tritium to above 
Table U guides. No uncontrolled access to the ground
water will occur as long as the tritilJll concentration 
exceeds Table II guides. 
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TABLE V-14 (Continued) 

Alternative 3 
No measurable change. Cur
rent assessments do not 
quantify an exposure dose 
to personnel due to liquid 
waste discharges to soil 
columns fran 200 Area 
operations. 

A reduction of about 400 
curies of radioactivity 
discharged to cribs would 
be achieved. 

If the existing crib sites 
continue to be usable, no 
additional land contamina
tion will occur. In addi
tion, a small decrease in 
.the extent of 1 and contami - . 
nation will also result. 
Approximately the same 
decay time for all cribs 
as Alternative 1. 

The use of soil columns as 
treatment sites . for Purex 
steam and process conden
sates (at concentrations 
exceeding Table II, Annex 
A, ERDAM-0524 guides) con
tinues . The overall in
ventory of radionuclides 
in active cribs decreases 
about the same as Alterna
tive 1 (4400 Cf) by 1992 
and the B Plant crib inven
tory also increases 200 
curies. 

Alternative 4 
No measurable change. Cur
rent assessments do not 
quantify an exposure dose 
to personnel due to liquid 
waste discharges to soil 
columns from 200 Area 
operations. 

A reduction of about 1000 
curies of radioactivity 
discharged to cribs would 
be achieved. 

A new crib required for the 
new evaporator will result 
in very low contamination 
of this additional land 
area . No c.hange in decay 
time for the cribs over 
Alternative 2 and approxi
mately a 2-yr reduction in 
decay time over Alterna
tives 1 and 3. 

The use of soil columns as 
treatment sites for 200 
Area liquid waste (at con
centrations exceeding 
Table II, Annex A, EROAM-
0524) ceases. The over
all inventory in active 
cribs decreases about 4600 
Ci by 1992 and the 8 Plant 
Crib inventory after 1979 
will decrease about 200 Cf 
by 1992. The inventory in 
the B Plant and Purex cribs 
will be about the same as 
Alternative 2. 

Current environmental monitoring programs do not show 
radiocontaminant concentrations (except tritium) greater 
than Table II, Annex A, ERDAM-0524 in water systems 
interfacing with 200 Area cribbed waste . This will not 
be changed with Alternatives 2, 3 or 4. The same quan
tity of tritium (210,000 Cf) will be released with all 
four alternatives with groundwater inmediately below the 
disposal crib being contaminated with tritium to above 
Table II guides. No uncontrolled access to the ground
water will occur as long as the tritium concentration 
exceeds Table II guides. 
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TABLE V-15 

SUMMARY OF IMPACT/MERIT OF PROPOSED ALTERNATIVES (200 AREAS) 

ERDAM-0511 Requirement 
044a( 1) 
ALATEP personnel exposures 

044a(2) 
ALATEP Radioactivity 
discharge 

044a(4) 
Minimize the extent/degree 
of land· contamination 

Alternative l 
No effect; no current indi
cation of exposure. 

No positive action, there
fore no reduction. 

No positive action. 

044c No positive action; 
ftSATEP the use of soil -- continue current practice. 
columns for disposal of 
wastes with radiocon-
taminant concentrations 
greater than Table II, 
Annex A, ERDAM-0524 
shall be replaced with 
other treatment. 

Conclusion 
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Alternative 2 
No effect; no current indi
cation of exposure. 

About a 500-Ci discharge 
reduction at $1.0 million 
capital and $1.0 million 
annual operating costs . 

Small reduction in degree 
of contamination. 

All except two plant dis
charge streams would meet 
Table II, Annex A, ERDAM-
0524 guides. 

Not economically justi
fiable for benefit of a 
l 1/2-yr overall decay 
period . 
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TABLE V-15 (Co~tinued) 

Alternative 3 Alternative 4 
No effect; no current indi- No effect; no current indi-
cation of exposure . cation of exposure. 

About a 400-Ci discharge 
reduction of short-lived 
radionuclides at $500,000 
to $750,000 capital and 
$600,000 annual operating 
costs. 

No positive action . 

Three plant discharge 
streams would not meet 
Table II, Annex A, ERDAM-
0524 guides. 

Clearly not economically 
justifiable since benefits 
are not significant over 
Alternative 1 but costs 
are about the same as 
Alternative 2. 

About a 1000-Ci discharge 
reduction at $30 to 35 
million capital and about 
$3 million annual operating 
costs . 

Small area increase of 
very low contamination . 

All plant discharges 
would meet Table II, 
Annex A, EROAH-0524 
gu ides. 

Clearly not economically 
justifiable since benefits 
are in effect the same as 
Al ternati ve 2 and costs 
are more than a factor of 
4 greater. 
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Continuing present operations at Purex would result in more than a 65% decrease in the soil 
radionuclide inventory (from about 7000 curies to about 2200 curies) at its active· cribs through 
1992 (last year of operation if N Reactor continues to 1990). Two of the three active cribs 
would decay to about natural background in about 200 years and the third in about 500 years. 
Continuing present operation at B Plant would result in about a 300% increase in soil radionu
clide inventory at those two active crib sites through 1992 (from about 100 curies to about 
300 curies). This inventory would decay to about natural background in approximately 100 years. 
No measurable radiation exposure to the general population results from these discharges . 

Alternative 2 would result in a net decay of the inventory at the B Plant cribs beginni ng in 
1979. The reduction in B Plant crib inventory from 1979 to 1992 is over 30% and over a 50% 
reduction in the inventory over Alternative 1 in 1992. The decay period required for the radio
activity to approach background would be reduced nearly 15%. However, the active B Plant crib 
cannot be isolated from other existing cribs (Purex, etc.). Thus, reducing the decay period 
of the B Plant cribs 15% has no overall benefit since some surveillance and land control of the 
area wi ll need to be continued to a later time when radioactivity in other cribs has decayed 
out. 

Figure 9 shows the soil inventory of radionuclides considering only the incremental discharge 
of radionuclides after CY-1974. Al ternative 2 provides a 70% reduction of additional radionu
cl i de inventory in the soil by 1992. · The incremental radionuclide inventory in the soil i s 
about the same as Alternative 4. The incremental cos t s for Alternative 2 are about $1 ,000 ,000 
to $1,500,000 capital and $800,000 annual operating cost for a total cost of $10,000,000 to 
$11,000,000. The total cost through 1984 would be $5,000 ,000 to $6,000,000 (N Reactor operat
ing through 1982). 

Alternative 3 shows no significant improvement in soil radionuclide inventory over Al ternative 
since t he radionuclides expected to be discharged from Purex are all relatively short-lived 
except tritium (for which no removal process exists). Considering only the incremental rad io
nuclide discharges after 1974,. the soil inventory is essentially identical to Alternative 1 
after the year 2000. The incremental costs for Alternative 3 an! about $500,000 to $750,000 
capita l and up to $600,000 annual operating cost for a total cost of $7,000,000 to $8,000,000. 
The total cost through 1984 would be $3,500,000 to 4,500 ,000 . 

Alternative 4 would result in about the same reduction i n the inventory of radionuclides at 
B Plan t and Purex cribs as Alternative 2 but at a gn!ater cost. The costs for Alternati ve 4 
are $30,000,000 to $35 ,000,000 capital and $3,000,000 annual operating for a total of about 
$70 ,000 ,000 to $75 ,000,000 through 1992. The tota l costs through 1984 are $45,000 ,000 to 
$50 ,000 ,000 . 

V.4 GASEOUS EFFLUENTS 

V.4.1 Current Program 

Gaseous radi oactive waste is released to- the air at four general locations on the Hanford Reser 
vation , as sunmarized in Table V-16. In that table, each of the production an!as on the Reser 
vation is considered a single source since each of those areas is far enough from the closest 
res i dents that the radioactive gases from the numerous sources in an an!a are mixed enough to be 
treated as a single source by the time they reach nearby residents. This approach was used dur
ing the calculations of the radiation doses. The current treatment fac i l i ty design and the 
remoteness of the facil i ties result in the low radiation doses shown in Table V-16 ; a maxi mum 
of 1.4 man-rem/yr results from N Reactol""operations. 

Most gaseous waste i s t reated by passing through one or more HEPA filters . No treatment or 
delay equi pment is used for gaseous waste such as tritium, argon, krypton and si mi l ar gases . 
Iodine may be collected on sil ver reactors to avoid di rect release t o the atmosphere. 

No sealed containers on the site are used for storing radioactive waste gases either as gases 
or liquids. The only storage l ocations for si gni f icant quantities of gaseous waste are the 
charcoal filters in the ventil ation systems of the N Reactor. These filters separate iodi ne 
and noble gases and retain them long enough to obtain a significant amount of radioactive decay . 

The objective of the current program is the reduction of radioactive material release in gaseous 
effluents to the lowest technically and economically practical levels. Table V-17 sunmarizes 
the programs planned and budgeted through FY-1975; a sunmary description of each of these pro
grams is provided in iable V-18. 
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TABLE V-16 

GASEOUS RADIOACTIVE WASTE RELEASED TO THE AIR 

Location 
105-N Ventilation 
144-F Ventilation Stack 
200 Areas 

300 Area 

(a) Excluding tritium 

Composition 
4lAr, 3H, 131 1, 1331 
239Pu, 90Sr 

Pu, U, f.p . (a) 
85Kr 

Th , U , Pu , f. p. 

TABLE V-17 

Quantity/yr 
100,000 Ci 

<5 11Ci 
1 . 1 Ci 
4 x 105 Ci 

<0.02 Ci 

GASEOUS WASTE MANAGEMENT FACILITIES AND ACTIVITIES 
PLANNED AND UNDER CONSTRUCTION FY-1973 THROUGH FY-1975 

100 AREAS , 

N Reactor Ventilation Loop Seal Improvenent 

200 AREAS 

Waste Management Effluent £ontrol 
B Plant Vent System Ventilation Improvements 
242-T Evaporator Effluent Improvements 
222-S Laboratory Exhaust Ventilation Improvenents 

300 AREA 

325 Building Laboratory Ventilations Exhaust Addition 
Total 

TABLE V-18 

Impact 
1.4 man-rem/yr 

<l0-3 man-rem/yr 
<l0-2 man-rem/yr 
<10-l man-rem/yr 
<l0-4 man-rem/yr 

$ 325,000 

2,875 ,000 
475,000 
200,000 
485 ,000 

485,000 
'1.$4,800,000 

DESCRIPTION OF GASEOUS WASTE MANAGEMENT FACILITIES AND ACTIVITIES 
PLANNED AND UNDER CONSTRUCTION FY-1973 THROUGH FY-1975 

100 AREA 

N Reactor Ventilation Loop Seal Improvement $325,000 

A redundant confinement valving system will be installed in the N Reactor building ventilation 
system to provide positive reliable secondary closures in the vent openings and thus assure 
containment of vapors and gases which would only be generated under unlikely conditions . 

200 AREAS 

Waste Management Effluent Control $2,875,000 

Facilities will be provided to maintain and to extend protection against the accidental release 
of radioactivity in certain effluent streams from the Waste Fractionization Facility (B Pior.t) 
and the Chemical Processing Facility (Purex Plant). The facilittes include: 1) a replacement 
ventilation filter for B Plant. including an underground concrete filter cell equipped with 
replaceable prefilters and two stages of HEPA filter banks and a corrugated metal instrument 
building above the cell; 2) improvements. including prefilters and HEPA filters for treating 
ventilation air fran the sample gallery, and the organic treatment and acid fractionization cells 
of the Purex Plant; and 3} replacement of Purex canyon ventilation air filter design for a 
flow rate of 125,000 ft 3/min and consisting of a prefilter and secondary HEPA filters in a 
concrete cell with a corrugated metal instn,nent building above the cell. 
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TABLE V-18 (Continued) 

200 AREAS (Continued) 

B Plant Vent System Ventilation Improvements $475,000 

This project will provide 1) new ventilation exhaust fans and single-stage, HEPA filters for 
the ventilation exhaust from the B Plant operating, pipe and electrical galleries and 2) 
sampling facilities for the filtered vessel vent exhaust. These additions will reduce the 
potential risk of releasing radioactive materials from the operating areas to the environment. 
The vessel vent exhaust sampling system will provide for detecting filter failure. The gallery 
ventilation filters will protect the environment from potential release of contamination from 
the operating areas. 

242-T Evaporator Effluent Improvements $200,000 

In order to reduce the risk of releasing radioactive materials to the environment, the project 
provides the 242-T Building process cells (feed, evaporator, and condensate) with filtered 
supply and exhaust ventilation systems consisting of 1) supply air: preheater, two stages of 
roughing filters, and ductwork, and associated service piping, instrumentation and controls; 
and 2) exhaust air: preheater, prefilter, parallel two-stage, HEPA filters, parallel exhaust 
fans, stack, ductwork and associated service piping, instrumentation and controls. 

222-S Laboratory Exhaust Ventilation Improvements $485,000 

A new bank of HEPA filters will be installed in a new enclosure to further protect the environ
ment by providing additional filtration of the exhaust air ventilation from contaminated and 
potentially contaminated zones of the 222-S Laboratory Building. New ductwork, fans, stack 
and accessories will also be provided. 

300 AREA 

325 Bu i lding Ventilation Exhaust Addition $485,000 

The 325 Building Laboratory will be provided with new local exhaust filter plenums containing 
HEPA filters, fire detection sensors and fire suppression equipment, thus adding a second 
stage of filtration to the existing single stage system. Improved reliability will result 
and the potential for release of radioactivity via the ventilation system will be corre
spondingly reduced. 

V.4.2 Gaseous waste Treatment Alternatives 

In addition to the facilities and activities planned and under construction for FY-1973 through 
FY-1975, several alternatives to release of the gaseous waste are: 1) install additional fil
ters to remove particulates, 2) install additional chemical scrubbers to remove reactive gaseous 
radionuclides such as iodine, and 3) add cryogenic systems for removing nonreactive gaseous 
radionuclides such as xenon and krypton. Diversion of some exhaust air through existing, more 
effective systems also may be possible. 

Selection of the optimum amount of gas treatment facilities requires a balance of: 1) the costs 
for installing and operating the treatment facilities, and 2) the effect of those gases on the 
general population . The cost of existing gas treatment facilities on the Hanford site is quite 
high because of the large volume of ventilation air (over 1012 ft 3/yr) that is handled and 
because the treatment facilities are designed to assure a low radiation dose to the general 
public. The remoteness of the 100 and 200 Areas also results in significant dilution of t he 
gases and settling of particulate material before it leaves the site . 

Reduction of the ~1Ar releases fran N Reactor has not been studied i n detail and a cost estimat e 
for the necessary plant modifications has not been made. The cost probably would be in the tens 
of millions of dollars because of the difficulty of removing a dilute noble gas fran a large air 
stream. A cryogenic separation system requiring refrigeration of a large fraction of the venti
lation air probably would be necessary. The presumed high cost has not appeared justified by 
the resultant small reduction in radiation dose to the general public (a maximum reduction of 
1.4 man-rem/yr). 

Gaseous radionuclides (e.g •• 3H, 85 Kr, 129I, 131 I) released during fuel element dissolution 
operations are discharged fran the main Purex Plant stack. Radioiodine (129 I and 131 I) can be 
removed as necessary fran dissolver off-gases by use of a silver reactor, which is capable of 
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removing 99.95% of the radioiodine present. Much of the radioiodine escaping the silver 
reactors is trapped in the acid recovery system and retained. Fuel elements presently sched
uled for dissolution and processing in the Purex Plant will have been discharged from the 
reactor at least 6 months prior to dissolution. With an 8-day half-life, essentially all 131 I 
will have decayed away by the start of processing. 

During dissolution of these fuels, emission of 1291 can be controlled at concentrations well 
below allowable limits for release to uncontrolled areas, even if silver reactors are not regen
erated or efficiencies are well below 99 .95%. Regeneration of silver reactors is a routine 
operational alternative inrnediately available if needed. Alternatives for off-gas treatment 
which have been used elsewhere in the nuclear industry for iodine include caustic scrubbers, 
charcoal absorbers, gas collection and storage. Based on Purex iodine release data, these would 
neither be needed nor justified from standpoints of high cost and the small impact of current 
operation, <0 . 01 man-rem/yr total-body dose and about 0.5 man-rem/yr thyroid dose . The most 
effective alternative is that of storing the fuels until the 8-day half-life 131 ! has decayed 
away before processing is begun. 

Currently, Purex has no capability for removing tritium (3H) or krypton (85 Kr) from the dis
solver off-gas waste stream. Approximately 5% of the tritium content of the fuel elements is 
discharged to the atmosphere via the dissolver off-gases. This means that at the maximum 
tritium content of the fuel elements dissolved at the maximum conceivable rate, approximately 
10 Ci/day of tritium would be discharged to the atmosphere via the 200-ft tall Purex main stack . 
This would result in an ·average concentration in the offsite atmosphere of 3 x 10-12 uCi/ml, 
which is a factor of more than 65,000 below the ERDAM-05247 , guide concentration of tritium for 
release to uncontrolled areas (2 x 10-7 uCi/ml). At the maximum krypton content of the fuel 
elements dissolved at the maximum achievable dissolution rate, approximately 8400 Ci/day of 
krypton would be discharged to the atmosphe~e via the 200-ft tall Purex main stack resulting in 
an average concentration of 4 x 10-9 uCi/ml in the offsite atmosphere. The guide concentration 
limit for uncontrolled areas in ERDAM-05247 is 3 x 10-7 uCi/ml. 

Alternatives such as cryogenic gas recovery, selective absorption and membrane separation, could 
possibly be adapted for Purex use in the collection and retention of the noble g~ses. However, 
these would be very expensive (probably greater than 10 million dollars) and would take from 
3 to 5 years to design and install. Recovery efficiencies for krypton would probably range from 
90 to 99%, depending on the process, thus giving offsite atmospheric concentrations from 
4 x· 10-10 to 4 x 10-11 uCi/ml, compared to the guide concentration 3 x 10-7 uCi/ml . 

V.5 SOLID RADIOACTIVE WASTE [11A] 

V.5.1 Current Practice 

Solid radioactive waste is placed into the ground at several locations in the 200 Areas from 
sources described in Table V-19. This waste is a miscellaneous mixture of solid materials rang
ing from floor sweepings to contaminated equipment and contains all ranges of radioactivity from 
essentially none to induced activity from reactor neutron irradiation. 

Beta-ganma contaminated solids are packaged, sealed and buried in shallow trenches. The transu
ranics are segregated in special sealed containers to be retrievable contamination-free for 
20 years and buried in controlled facilities. Large items of process equipment, too radioactive 
and too bulky for either transfer to 200 West Area (for decontamination) or burial, go into the 
railroad tunnel. Continued emphasis will be placed on reducing the amount of contaminated waste 
generated, and on packing more waste into each burial package to reduce the amount of trench 
usage needed. 

V .5.2 Solid Waste Treatmen.t Alternatives 

Several alternatives relating to disposal of solid waste have been studied. 

V.5.2.1 Compaction 

Compaction of solid waste could reduce the total volume of the initial package. Compaction 
would not reduce, of course, the total radionuclides to be disposed of, and the corresponding 
reduction in the size of burial grounds would not appear to justify the cost of compaction units . 

V.5.2.2 Storage in Deactivated Plants 

Deactivated plants could be converted to waste storage "vaults." Modification of old plants to 
provide fire protection, ventilation and monitoring would be requfred and would probably cost 
many millions of dollars. The benefit would be a reduction of the conmitment of additional land 
for storing solid waste. No changes in population dose would result. 
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TABLE V-19 

SOLID RADIOACTIVE WASTE RELEASES TO THE GROUND 

Quantit,:£ 
Currently Future Current Primary 

Stored Storage Dispos i tion Environmental 
Location CO!!!EOSition {ft3} {ft3t;i:rl Location Imeact s 

100 Areas Miscellaneous Sol id 5.8 X 105 40,000 200 Areas Tota l of 4 acres land 
Waste use/yr; essentially 

5. 5 X 106 zero populat ion dose 
200 Areas Miscellaneous Sol id 93,000 200 Areas 

Waste 

300 Area Miscellaneous Solid 7.5 X 105 56,000 200 Areas 
Waste from fuel 
element manufacturing 
containing uran i um 
and thorium and 
from research and 
devel opment 

600 Area Mi scellaneous Sol id (a) 0 200 Areas 
Waste 

(a) Volume not known 

V.5.2. 3 Sorting and Class i fying 

A sorting and classificati on system for sol id waste handling would.develop ins t rumentation t o 
nondestructively analyze the contents of packaged solid waste to assist in sorti ng. Identifi
cation and measurement of the radioactive content of waste is essenti al before determi ning i t s 
disposition . The measurements would determine whether the package cou ld be t reated as f i ss ion 
product-contaminated waste or would have to be handled as transuran ic element-contami nated waste 
(al pha waste) . 

A centra lized data reducti on system has been deve loped, t he Automatic Radioacti ve Inventory Sys
tem (ARIS), which can identify 34 nuclides from one spectr um. Further efforts would be needed 
to develop t he satel lite package counting system and the in-plant measurement system us i ng the 
centra l data reduction equipment. The satellite count i ng equ i pment wou ld have to fun ct ion under 
a wide variety of plant conditi ons. An estimated $400,000 wou ld be needed to provide i n-pl ant 
capabil ity of sorting according t o type of scrap or waste and l evel of r adioacti vi ty . If 
adopted, use of this nondestructive assay equipment would probably start in Z Plant about 2 years 
after fund i ng was available. The equipment would provide good segregation of transuranic waste 
from fission product waste. 

V.5.2.4 Transuranic Waste Storage 

Pad storage for transuranic waste retrievable burial i s currently being t es t ed. Th is alterna
t ive provides p_rot ecti on of the meta l contai ners fran contact with the so il and all ows sampl ing 
of the storage faci l i ty atmosphere for radioactiv i ty and combusti ble gases , either of wh ich would 
indi cate conta i ner fai lure . Final eva luati on of a retrievable buri al system i s expected in 
FY-1 975 with routine use of the selected concept t o follow . 

The al ternatives t o storage of transuranic waste in V trenches, transuranic stor age slabs , and 
caissons are 1) to store the waste in burial trenches or 2) to treat i t to remove t ransuranics 
and then store the res i dual. Storage in burial trenches is not dasi rable because retrieva l of 
the waste is difficult and costly. The waste previously disposed of by this method will require 
recovery. Such a practice would not ma i ntain positive containment control for transurani cs as 
does the current program . 

Treating the waste to remove the transuranics general ly would be qu i te costly because of the lo~ 
concentrations of those rad1onuc11des and because in sane cases the waste al ready i s bei ng 
treated to remove as much of the transuranics as can be removed wi thout excess ive costs . 
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V. 5.2 . 5 Equipment Reclamation 

An equipment reclamati on alternative would involve the recovery, i. e., t he cleaning and repa i r
ing, of all contaminated process equipment for reuse, thus el iminating the need for burial. 
This type of work is current practice, but it i s neither technologically nor econanically feas i
ble to recover all such equipment s1nce , in many cases, costs in time, chemica l s and radiation 
dose to employees would far -exceed the value of the equipment and the costs of burial . Such 
extra cleanup would also produce significantly larger volumes of liquid waste requiring disposal . 

V.5.2 . 6 Equipment D"isposal 

An equipment disposal alternati·ve would involve one or more methods of consolidating large, bulky 
i tems, such as process equipment, hoods, structural members, etc., i nto fonns readily dealt with . 
Items could be cut, melted, burned, disassembled, compacted, or they could be completely con
verted to liqu id waste which could then be handled as part of the existing l i quid waste 
inventory. 

Currently , large i tems of failed equipment are placed in concrete boxes and bur ied . Thi s volume 
would be expected to increase significantly under the long-range facilities deconmiss i oning pro
gram . A study i s under way to establish the technologies for converting the large items to con
solidated forms and detennine subsequent treatments . Cost estimates and schedules for poss i ble 
alternatives have not been made. 

V.5.2.7 Wet Oxidation 

Two wet oxidation alternatives to incineration for waste volume reduction are being studied : 
1) a wet oxidation process for disposing of spent solvent, solid waste and scrap, and 2) the 
sulfuric acid oxidation process. The goal of this development effort is to provide a plutonium
beari ng oxidation product (ash). If this technology is attained, design of the proposed solid 
waste incinerator would be based on one of the above oxidation processes . 

V.5.2.8 Burial Ground Selection 

Evaluation of solid waste burial alternatives for long-tenn versus short-term burials may be 
considered. The study would be conducted over a 3-yr period (FY-1975 to FY-1979) at a cost of 
$500,000. Criteria· for long-tenn burial would be developed and existing burial sites would be 
evaluated using these criteria . The evaluations would be expected to determine which burial 
grounds need stabilization, which need relocation, and which potential new sites wou ld be accept
able for long-tenn storage . · 

An additional 3-yr study to develop the technology for acceptably relocating burial grounds has 
been proposed for FY-1977 to FY-1979 at a cost of $300,000. Should relocation of a buri al ground 
be judged necessary, the technology or equ i pment would probably not be avai.lable prior to FY-1980 . 

V.5 .2.9 Conclusions 

Radioactive sol id waste burials in the dry soil of the 200 East and 200 West Area plateau do not 
and are not expected to have an offsite environmental impact. Alternatives to present practices 
are being studied to detennine a practical plan for long-tenn treatment, disposal and surveil 
lance of this solid radioactive waste . 

V.6 NONRADIOACTIVE WASTE 

V.6.1 Chemical Releases to the Columbia River 

Chemicals are released to the Columbia River in significant quantities shown in Table V-20 at 
three locations: 1) the 100-N Area, 2) the 100-K Area, and 3) the 300 Area. The current pri 
mary source of chemicals released to the river is the 100-N Reactor operations. In addition to 
these chemicals, the impurities refll)ved from the river by the water treatment plants also are 
returned to the river. fhe effect of returning those impurities to the river can be considered 
to be negligible because essentially all of the purified water is returned to the river either 
fn process sewers or as groundwater. As a result, the average chemical content of the river is 
essentially unchanged. 

The alternatives to release of the chemica ·1s to the river are 1) evaporation of the water to dry
ness and storage or reuse of the chemicals, and 2) release of the waste streams to ponds in which 
part of the chemicals would remain as a precipitate in the bottom of the ponds or be absorped on 
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TABLE V-20 

CHEMICAL RELEASES TO THE COLUMBIA RIVER 

Materials Quantity Discharged per Year (lb) 

100-K 100-N 300 Area Total 

Aluminum sulfate, 17,500 337,000 
Chlorine, 4,000 28,000 
Polyacrylamide, 100 900 not 
Sodium Dichromate, 0 200 
Sulfuric Acid, 0 1,410,000 measured 
Alllnonium Hydroxide, 0 266,000 
Hydrazine, 0 14,000 
Morpho 1 i ne, 0 2,800 
Sodium Hydroxide, 0 463 1000 

Total, lb 21,600 2,521,900 "'960,000(a) 3,500,000 
or 

1 , 750 ton/yr 
Quantity of dissolved solids in Columbia River= 13,000,000 tons/year. 

(a) AsstJDing that all materia 1 s entering process pond even tua 11 y 
enter the river. 

the soil column below the pond surface . The disadvantages of these alternati ves are the addi
tional cost and the solid waste disposal problem, which requires use of additional land. Such 
releases might also have an adverse effect on the water tab le. 

Because the current practice of releasing the chemicals to the river has no detectable environ
mental impact, adoption of more costly land disposal does not appear justified. 

V.6.2 Chemical Releases to the Land 

Chemicals in liquid streams are released to the land at several locations; the primary release 
points are su11111arized in Table V-21. Solid chemica ls placed in sanitary land fills and specific 
burial t renches are included in the discussion of nonradioactive solids released to land. 

The primary reasons for release of chemicals to land are 1) to reduce pollution of the Columbia 
River and 2) to minimize the disposal cost of these chemicals. Because of the highly absorptive 
characteristics of the Hanford soils, the chemicals are generally retained in the ground above 
the water table and do not enter the water table or eventually the Columbia River. Part of those 
chemical s do not actuall y enter the land but remain in the disposal pond either dissolved in the 
liquid in the pond or as a layer on the bottom of the pond. 

The primary alternatives to release of these chemicals to the land are 1) release to the 
Columbia River and 2) separation of the chemicals from the liquid streams and storage in sealed 
containers. Release to the river is not desirable because of the additional pollutant burden to 
the river . 

Separation of the chemicals from the liquid streams probably would require large, costly evapo
ration plants or ponds. Many of the chemicals are highly soluble and cannot be readily removed 
by chemi cal treatment or ion-exchange processes . Detailed analysis of use of separation systems 
has not been made because of the low incentive for using such systems. The primary impact from 
ground disposal is the use of desert land for disposal ponds and ditches. In particular , most 
releases to the land are into ponds and cribs, which also contain radionuclides. The additional 
impact due to the chemicals can be considered to be negl igible. 
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.TABLE V-21 

CHEMICAL RELEASES TO THE LAND 

Project Release Primary 
Region Location Constituents 

100-N 1301-N Crib Calcium 
Magnesium 
Anrnonium 
Sulfate 

200 P.reas Cribs and Ponds Salt 
Aluminum Sulfate 

300 Area Process Ponds Chlorides 

V.6.3 Chemicals Released to the Air [X.24] · 

Nitrates 
Sulfates 
Copper 
Fluorides 
Chromium+6 
Uranium 

Annual Releases 
(Tons) 

120 

330 

480 

The three primary sources of chemical releases to the air are: 1) gases in fossil fuel plant 
exhaust gases, 2) gases in process stacks, and 3) gases in laboratory and experimental facility 
exhaust streams. A sunmary of the major annual releases is presented in Table V-22. 

At present, no standards for release of nitrogen oxide from individual plants have been estab
lished : - Discussion of alternatives does not appear justified because no adverse environmental 
impact is apparent for releases of nitrogen oxide in the sparsely populated Hanford region. 

Sulfur dioxide released from all power plants is below the current standard of 2000 ppm S02 in 
the stack gas . As shown on Table V-22, the releases from the coal and oil-fired power plants 
are at about 25 and 40%, respectively, of the standards. When the standard decreases to 
1000 ppm in 1975, these releases still are expected to be within the standards. The releases 
from the package steam plants currently are at about 10% of the standards because of the low 
sulfur content (0.2%) in the light fuel oil used in those plants. 

Since the sulfur dioxide releases are well within standards and probably will remain within the 
future lower standards, detailed discussion of alternatives does not appear justified. All of 
the nonnal alternatives, namely 1) conversion to oil with a lower sulfur content, 2) conversion 
to natural gas, or 3) installation of sulfur dioxide removal equipment, result in higher costs. 
Use of other oils or natural gas is undesirable because of the current shortage of petroleum and 
natural gas. 

Currently, obtaining heavy fuel oil with less than the desirable maximum of 1.5% sulfur is dif
ficult. Because of the current petroleum shortage, some recent shipments have had sulfur con
tents as high as 1.8% sulfur. Although these high sulfur contents do not cause operation above 
the current standards, future operation may result in sulfur dioxide releases that approach the 
1000 ppm standard. If releases were to exceed the established standard, suitable corrective 
action would be taken. 

V.6.4 Chemical Waste Stored in Special Repositories 

At Hanford, significant quantities of waste chemicals are stored in the radioactive waste stor
age tanks in the 200 Area. These chemicals are primarily fuel reprocessing chemicals in the 
radioactive waste streams from the 200 Area operations. Also included are any chemicals from 
100 Area and 300 Area operations and from research and development activities that accompanied 
radioactive waste sent to the 200 Area f~r storage. These chemicals were not separated from the 
radioactive waste because the separation and subsequent storage or disposal costs were larger 
than the extra cost for storage with the radioactive waste. 

The typical composition of these chemicals is common sodium salts, because sodium is the primary 
cation or metallic constituent of the process chemicals. The other metallic components gener
ally are fission products or corrosion products from the process equipment. 
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TABLE V-2'2 

MAJOR CHEMICAL RELEASES TO THE AIR IN 1972 

Percent of 
Annual Standard (a) 

Project Fuel Release 
Chemical Region Release Source ~ {tons} Current 7 /1/75 

NOx 100-N Power Plant il6 Oil 172 N.S. N.S . 
200-E Power Plant Coal 428 N.S. N.S. 
200-W Power Plant Coal 260 N.S. N.S. 

300 Area Power Plant Coal 210 N.S . N.S. 
16 Oil N.S. N.S. 

333 Building 14 N.S . N.S. 
100-0,F,K, Package Steam il2 Oil 29 N.S. N.S. 
and 200-E Plants 

TOTAL 1113 

SO (b) 
2 100-N Power Plant 116 Oil 1002 40 to 50 80 to 100 

200-E Power Plant Coal 6500 25 50 
200-w Power Plant Coal 3990 25 50 

300 Area Power Plant Coal 120 25 50 
16 Oil 269 20 to 40 40 to 80 

100-0,F,K, Package Steam il2 Oi 1 10 '\,] 0 "-20 
and 200- E Plants 

TOTAL 2450 

(a) N.S . means no standard. SOz standard is 2000 ppn until 6/30/75, 
and 1000 ppm thereafter. 

(b) The sulfur dioxide release data are conservatively computed for a fuel 
asslMl!ed to have a sulfur content hi gher than that of the fuel used in 
the l i sted power plants. 

No acceptable alternatives to the storage of the chemicals in the 200 Area waste tanks are known . 
Waste tank storage provides isolation from the environment while control measures to assure 
radionuclide containment also provide chemical containment. The alternatives discussed earlier 
to improve radionuclide containment would also improve chemical containment. 

The 100-H Area storage basins are to be used for interim storage of process chemicals from the 
300 Area fuel fabrication facilities. While t he waste is stored in these basins, the water will 
evaporate producing a sludge which could subsequently be processed to recover the uranium and 
copper . 

The alternatives to this storage are to either release the materi al t o waste ponds or instal l 
evaporators or other processing equi pment to concentrate the · so luti ons more rap i dl y before 
recovering the uranilMI! and copper . Re lease to ponds would result in creation of additi onal 
undesirable release of radioactivity to the environment and l oss of the uranium and copper 
va lues . Installation of concentration equipment wou ld increase the cost of the uranium and 
copper recovery, probably enough to make the recovery uneconomical. 

The primary environmental impacts that might result from storing these chemicals in the 100-H 
Area would be from spills of the chemicals during transportation and leakage out of the bas i ns . 
Entry of the chemicals into the environment in these manners is not considered a significant 
impact because these chemicals have innocuous effects and can be easily cleaned up. 

V-45 



V. 6.5 Sanitary waste 

Sanitary waste is created throughout the Reservation wherever there are :acil~ties occ~pied by 
personnel more than a few minutes at a time. Two methods a~e u~ed for d1s~os1ng of th,~ wa~te: 
1) septic tank systems, and 2) chemical toilets. The material ,n the ch~1cal toilets 1s dis 
posed of periodically in the septic tank system. A sU11111ary of the locations and amount of waste 
handled in the septic tank systems is presented in Table V-23 . 

TABLE V-23 

SANITARY WASTE FLOWS TO SEPTIC TANKS 

Project Region Gallons Per Day 

100-B 180 

100-D 2,400 

100-F 2,700 

100-K 2,700 

100-H 0 

100-N 22,500 

200-E l 99,000 
200-W 
300 Area 491,000 
Other(a) . 92000 

TOTAL 692,000(a) 

a 440 gpm 

(a) Does not include 60,000 gpd at the 
FFTF site or 10,000 gpd at the 
WPPSS Hanford construction site. 

Septic tank systems operate quite satisfactorily. The arid climate and porous ground result in 
satisfactory drainage without surfacing of the waste because of ground saturation or plugging. 
Proper design of the tile fields results in ample disinfection before the liquids enter the 
water table and eventually the Columbia River. Much of the liquid does not enter the water 
table because the moisture in the ground at the shallow depths of the leach lines moves toward 
the surface due to evaporation and evapotranspiration. 

The nonnal alternatives to septic tanks are connection to a ITl.lnicipal sewage system or instal
lation of an extended aeration system. Connection to a municipal system would be quite expen
sive for most of the Reservation because of the long distance (up to 40 miles) to the nearest 
municipal system at Richland. This alternative might be feasible for the 300 Area, although 
"even then the distance to the Richland sewer plant is about 7 miles. 

In the extended aeration process, raw sewage continuously flows into an aeration tank where it 
is continuously air sparged to provide oxygen for the biological degradation of the organic com
ponents of the waste. The aeration tank is sized to provide approximately a 24 hour retention 
time for the sewage. The contents of the aeration tank continuously overflow into a settling 
tank that provides a minim1111 of 4 hours retention time. The scum and settled solids are 
returned to the aeration .tank for further treatment, while the clarified effluent flows into a 
chlorine contactor for chlorination to kill any remaining pathogenic bacteria prior to release 
to the environment. Periodically, the excess sludge is removed to a landfill site. 

Evidence indicates that the current septic tank systems are operating satisfactorily and in 
accordance with the state of Washington sanitation regulations. Hence, no apparent justifica
tion exists for the extra expenditures for either of the alternatives. 
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V.6.6 Nonradioactive Solids Released to the Land 

Large quantities of nonnal industrial trash and used· equipment are generated on the Reservation. 
Materials of value, such as relatively pure metals and excess equipment, are sent to salvage 
yards, sorted and sold. The other materials are collected, compacted and transported to a 
centra l landfill site to be buried. The total volume of this waste is about 360,000 ft 3/yr 
requiri ng about 2 1/2 acres of land/yr. 

The alternatives to disposal in the central landfill site are 1) disposal at scattered landfill 
sites, and 2) greater compaction and/or incineration prior to disposal in order to reduce the 
volume and noxious nature of the waste. 

Disposal, with burning, at scattered landfill sites was the standard practice until 1972 . Burn
ing was stopped in accordance with an executive order. The current procedure of disposing of all 
material at one central landfill location was adopted in 1972 because a study of the costs for 
the various methods for waste disposal showed that transportation of all waste to one centra l 
site by use of a modern compactor truck would cost less than the existing system, and a landfill 
operation would cost much less than incineration. 8 

The waste is not compacted to greater density or incinerated because 1) ample land is ava i lable 
for disposal, 2) a -considerable amount of compaction occurs at present during collection and 
covering of the waste, 3) degradation of the waste probably occurs more rapidly if i t is not 
compacted to a greater amount, and 4) inst allation plus operation of incinerators designed in 
accordance with current air poll uti on regulations is more costly than the current practice . 

V.6.7 Other Environmental Pollutants 

The other environmental pollutants for which alternatives might need to be considered are heat, 
odor, and noise. 

V.6.7 . l Heat to the Columbia Ri ver [X.15] 

The one significant source of heat release to the Columbia River is the N Reactor operation . Al l 
other heat releases· to the river are 111Jch smaller and contain only about 1% of the total releases 
to the river. The total heat input is about 470 MW when N Reactor is operating. 

The 470-MW heat release to the Columbia River is via the 66-in. and 102-in . lines from N Reactor . 
Excess power over 470 MW is exported as steam to the WPPSS Hanford Generati ng Plant . At a fu ll 
react or power level of 3760 MW, 860 MW i s converted t o electri cal energy and the remainder is 
dissi pated to the Columbia River . The WPPSS loss to t he river i s approx imately 2400 MW , and 
N Reactor's loss is 470 MW . The remainder of this heat i s discharged by WPPSS electrica l gen
erator plant. The environmental impact of th is acti on is not part of th i s statement . The dis
charges from WPPSS fac i lities are covered by the state of Washington for discharge permi ts . If 
WPPSS were not operating at the fu l l power level of 3760 MW, t hen 3730 MW would be discharged to 
the r iver as heat. 

At the minimum permissible river flow rate of 36,000 cfs. the routine release rate of about 500 MW 
increases the average river temperature by on ly 0.25°F. At the average river flow rate of 
120,000 cfs, the average increase in river temperature is only about 0.08°F. 

The primary alternatives to the current release of heat to the river are 1) installation of an 
open-cycl e cooling system utilizing a cooling tower or lake for di ssipating part of the heat t o 
the atmosphere before the water is released to the river, or 2) installation of a closed-cycl e 
cooling system using a cooli ng tower or pond . Although these alternatives have not been studied 
for the N Reactor , experience with other power reactors can be used to illustrate the costs. 

The four most conman designs for cool i ng towers and lakes are 1) mechanical draft t owers, 
2) natural draft t owers, 3) l arge qu iescent ponds and 4) spray ponds . Natural draft towers are 
not technically feasible at Hanford because an adequate draft does not occur during periods of 
l ow relati ve humidity . Data developed during investigati ons of cooli ng systems for the proposed 
adj acent WPPSS power reactor indicate that the instal lation costs for WPPSS would be from 20 to 
30 million dollars. Since the cooling water flow at N Reactor i s only about 40% of the flow 
for the proposed plant , such a cooling system for N Reactor probably wou ld cost between 11 and 
17 mil lion dollars . Since the effect of the N Reactor heat releases on the Columbia River are 
considered insignificant (Section III.1), installation of a cooling tower or pond to eliminate 
these releases to the Columbia River cannot be justified . 
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V.6.7.2 Heat Released to Land 

Heat is released to land whenever a water stream flows into a pond or a well or through a buried 
pipeline at a temperature higher than the temperature of the ground. It also may flow into the 
ground from buildings, tanks, and other facilities which are at a higher temperature than the 
ground. Flow of heat into the ground is of concern from an environmental standpoint only if the 
higher ground t~eratures create a measurable change in habitat condition for plants or animals . 
Excessive temperatures can sterilize the ground or dehydrate it, making plant survival difficult. 

All heat releases to the ground at Hanford are at relatively low temperatures and have no appar
ent effect on the vegetation or aquatic life. Therefore, discussion of alternatives does not 
appear justified. 

V.6.7 .3 Heat Released to the Air 

Heat is released to the air primarily from cooling ponds, process facilities, and buildings . 
The primary effects on the environment are climatic through creation of heat islands and occa
sional local fogging. The total quantity of heat released directly to the air at Hanford is 
estimated in Table V-24. 

The four primary sources of heat releases to the air at Hanford are 1) combustion of fossil 
fuels, 2) consumption of electricity, 3) decay of radionuclides, and 4) release of heat from 
N Reactor to the Columbia River. The heat released to the river eventually is transferred to 
the air at downstream locations. 

TABLE V-24 

TYPICAL HEAT RELEASES TO THE AIR AT HANFORD (1972) 

Average Heat 
Heat Content Annual Generation 

Source of Heat guantitl {MW) {Btu/tr) 

Fossil Fuels 
Coal 103,000 tons 93 2.8 X 1012 

Oil 12,740,000 gallons 63 1.9xlo12 

Electricity 3.2 x 108 kW-nr 37 1.1x1012 

Radionuclides '\,3 . 0 X 107 lcW.-h r "'4 1.2 X 10 l1 

TOTAL 197 5.9 X 1012 

Because of the large area of the Reservation and the wide dispersion of these heat releases, a 
significant climatic effect has not been observed. A small increase in local fog probably occurs 
in the vicinity of the 200 Area cooling ponds and the Columbia River during the winter months, 
but this fog has an insignificant effect on the general public. The only location where this 
fog might affect the public is on Highway 240, which passes about one mile from the S-17 pond. 
An analysis of automobile accidents on Highway 240 between the Yakima Barricade and the Prosser 
Barricade roads reveals that none of the 68 accidents from January 1, 1967, to September 30, 
1973, occurred during fog conditions. 

V.6.7.4 Odors 

No odor sources on the Reservation are noticeable at the boundaries. All of the chemicals used 
in large quantities either are odorless or are contained such that the odors are not noticeable 
except in the immediate vicinity. 

V.6.7.5 Noise 

No noise sources are on the Reservation that create a noticeable increase in noise levels at the 
boundaries in comparison to a normal urban environment. The only noticeable noises usually are 
traffic noises due to boats, trucks, trains, and automobiles. No construction activities are 
scheduled at locations close enough to the boundaries to cause significant impact. 
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VI RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF MAN'S ENVIRONMENT 
AND THE MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY 

VI. l BACKGROUND 

Continued waste management operations according to present ERDA policies and standards will pro
tect the offsite environment and will contaminate a small fraction of the onsite environment for 
the long-term. Hanford Waste Management Operations to date have resulted in the establishment 
of certain areas on the Hanfor~ site for continued use in waste disposal or storage. Additional 
areas of contamination will be small compared to those well-defined areas that are already con
taminated from past waste management operations. 

The areas that contain radioactive materials will remain contaminated for the foreseeable future 
even after operations cease. Most of the Reservation and all of the land, water, and air sur
rounding the plant are protected for possible long-term uses because the waste disposal and stor
age sites are few in number and are centrally located. 

Large portions of the land on the Hanford site are being put to other productive uses: 

• Arid Land Ecology Reserve 

• Washington State Game Reserve 

• Commercial Nuclear Power Plants 

• Research and Development Facilities for Energy. 

Changes of varying degree of impact have occurred within the dedicated portion of the Reservation . 
Installations of fences, telephone lines, and transmission lines are regarded as slight changes 
wherein construction effects were minor . The longer-term effects occurred only on the small por
tions of the rights-of-way actually occupied by the present structures that, in most cases, could 
be removed at moderate cost, allowing the land to revert naturally over a ~ecade or two to its 
original state. Major changes include the erection of massive concrete buildings and, as a part 
of waste management operations, the installation of underground storage tanks and the discharge 
of radioactive materials to the ground. Restoration of the land thus occupied to its original 
condition would be extremely expensive and, for some portions, practically impossible . Inter
mediate changes over the past 30 years include the erection of buildings, the construction of 
paved roads (about 0. 5% of the Reservation), and the laying of road beds for rail traffic (about 
0. 25% of the Reservation) . 

To place in perspective the changes on the 30 square miles of Reservation land requires a summa ry 
vi ew of the use of Reservation land prior to 1942. Historical ly , the unmodified steppe ecosystem 
provided little food to man (although t he Columbia River was an important food source ) . A minor 
but significant part of the Reservation was altered by irrigation, yielding agriculturally pro
ductive land, particularly near the river. 

Considering all effects on man ' s environment, a small positive long-term effect is forecasted 
for the productivity of man's environment. The direct effects, while occasionally adverse, 
are not large. The total human population radiological dose from Hanford Waste Management 
Operations Program is only about O.Olt of the natural background dose sustained by the same 
population. The figure will drop substantially when N Reactor operations are completed. The 
loss of habitat for wildlife is not expected to be significant for a long time , if ever, in view 
of the preponderance of similar habitat on the Reservation and on adjacent lands . Man-made f i res 
make an insignificant impact. Although metal : and fluoride may to a small degree be i ncorpora t ed 
by some waterfowl, no serious t hreat is made to higher terrestrial biota. Some biological uptake 
and dispersion of radioactive materials occur in waste management zones, but only at a l ow l eve l . 
The release of sma l l amounts of radioactive materials to the open terrestrial environment does 
not manifest an obvious impact on local biota . 

Li fe in the Columbia Ri ver sustains only minor and very localized effects due to the discharge of 
heat. Impingement losses at the various intakes are small; no significant entrainment losses 
occur. Springs draining into the river at 100-N and 300 Area contain some chemicals. Aquat i c 
populations in the river sustain no observed deleterious effects caused by Hanford radioacti ve 
effluents . The extent of genetic effects, if any, is unknown. Aquatic biota existing in other 
surface waters such as ditches and ponds are unlikely to involve offsite ecosystems in any impor
tant way . Consumptive use of Columbia River water is inconsequential at 550 cfs, about 0.4% of 
the average flow rate. The quantity of groundwater withdrawal is inconsequential in view of the 
total supply. 
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VI.2 EFFECTS OF. PROPOSED ACTIONS 

Future plans for the Hanford Reservation call for the continuation of its present use as an area 
dedicated primarily to nuclear energy activities . Thus, the use of man's environment will be 
long-term; there will be no short-term use . The relationship to be considered is that of long
term productivity of the environment. 

Current use of the land has probably barred major irrigation projects from the Reservation 
because of their potential impact on the water table levels. Also, an inventory of mostly tr i 
tium and 106Ru-Rh will remain in the groundwater under the Reservation and fission products in 
the soil columns under cribs, trenches and ponds for many centuries. 

In the future, additional Reservation land may be dedicated to nuclear energy activities. On 
the other hand, some current activities will cease, therefore encroaching no further on man's 
environment. The direct net effect will probably be a slightly increased encroachment upon man ' s 
environment. 

Assuming that the primary activities on the Reservation do meet their objective of benefi ting 
man ' s social-economic environment, the Waste Management Operations Program will continue to be 
of benefit by reducing substantially the potentially inimical eAvironmental effects that would 
result from unprogrammed rel eases of waste materials to man's environment. 
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VII RELATIONSHIP OF PROPOSED ACTION TO LANO USE PL.ANS, 
POLICIES, AND CONTROLS 

The continued operation of the Hanford waste management facilities will not conflict with 
national, state, or local plans and programs. Implementation of the action proposed herein, 
i.e •• a continuation of effluent and waste management practices at Hanford, calls for land use 
as described in Sections II and III. All land is and will be managed consistently with federal 
regulations to assure the safety and well being of the public. Specifically, as paraphrased from 
WASH-1202 (73), "Plan for Management of· AEC-Generated Radioactive Wastes," and applicable to land 
use: 

• Operate in such a manner as to ensure radiation exposures do not exceed established 
standards. 

• Continue to reduce the aroount of radioactivity released to the environment to the lowest 
level below established standards that is technically and economically practical. 

• Continue to minimize radioactive contamination of real property and facilities for the 
purposes of protecting public health and safety. • 

• Discontinue the use of natural soil colurms for storing intermediate-level waste as soon as 
technically and economically practical. 

• Maintain records of locations of radioactive burial sites and the aroount of radioactivity 
contained at each site. 

Site use dictates the type of control necessary to ensure the safety and well-being of the 
public. Access to radioactive waste storage areas, for example, will continue to be con
trolled. Standards and requi rements for the management of radioactive waste at Hanford are 
set forth in EROAM-0510 "Prevention, Control, and Abatement of Air and Water Pollution," 
ERDAM-0511 "Radioactive Waste Management," ERDAM-0513 "Effluent and Environmenta 1 Monitoring 
and Reporting," and EROAM-0524 "Standards for Radiation Protection." 

Continued land use, in addition to effluent and waste managenent on the Hanford Reservation, 
includes 1) research and development associated with the Arid Land Ecology (ALE) Program, and 
various laboratory facilities in the 100, 200, and 300 Areas, 2) N Reactor and plutonium produc
tion facilities in the 200 Areas, and 3) the Fast Flux Text Facil i ty . Some land north of the 
Columbia River will continue to be administered by the U.S . Bureau of Sport Fisheries and Wild
l i fe , and the Washington State Department of. Game. The State of Washington leases land on the 
200 Area plateau for radioactive waste burial. Private leases of l and include the Washington 
Public Power Supply System (WPPSS) steam plant operating at 100-N Area and the WPPSS Power Reac -
tor now under construction. · 

Many future uses of Hanford Reservation land have been suggested , but no definite plans exist . 
Some of the suggested projects i nclude a nuclear energy park. Liquid Metal Fast Breeder Reactor 
demnstration facility, waste handling and storage facilities for public power reactors, a 
uranium enrichment facility, Ben Franklin Dam, Columbia River navigation upstream to Wenatchee, 
and irrigated fannland. Although the proposed construction of Ben Franklin Dam received atten
tion, the Corps of Engineers stated that completion of feasibility studies were delayed pending 
further consideration of environmental matters . A date for co111>letion of the studies was not 
set, nor was a decision made as to whether or not the Corps will recorrmend authorization and 
construction of the project. 

The potential environmental consequences and relationships of all specific proposed projects to 
the Hanford Effluent and Waste Management Operations Program are studied and considered. Envi
ronmental impact statements for future individual projects will be prepared, as appropriate . 
The impact and feasibility of each individually proposed program will be evaluated , including any 
potential impact on the Hanford Waste Management Operations . 
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VIII IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 

VIII. l PERMANENT COr+lITMENTS 

The resources that are considered to be conmitted in an irretrievable and irreversible manner by 
the Hanford Waste Management Operations are l) land and materials containing or used for storing 
radionuclides with a half-life longer than 10 years, 2) labor expended by construction and oper 
ating personnel, and 3) materials, such as fuels and chemicals, that are burned, diluted, or 
consumed during use. 

Most land containing fission product radionuclides with long half-lives can be considered unus 
able for agricultural purposes for centuries. Although most of these radionuclides probably 
could be separated from the land, reduction of the concentration to a level which would permit 
unrestricted use undoubtedly would cost more than the value associated with normally expected 
uses. This land will require a conmitment of both people and surveillance equipment until the 
radioactivity is essentially removed by processing or decay. 

Land containing transuranic materials, particularly plutonium, can be considered unusable for any 
purpose for hundreds of thousands of years. Until any recovery program for the transuranic mate
rials would be completed, this land will require a carmitment of both people and surveillance 
equipment . 

About hal f a mill ion tons of fossil fuels and 50,000 tons of chemicals are expected to be irre
versibly consumed by the Hanford Waste Management Operations . Some components of the concrete 
structures and equipment as well as about 6,000 acres of desert land are essentially irretriev
able due to the practical aspects of reclamation and/or radioactive decontamination. Present 
operating practices will not require additional land usage for cribs. 

VIII .2 TEMPORARY COMMITMENTS 

Other resources and land are temporarily carmitted by the Waste Management Operations but cannot 
be considered to be irreversibly and irretrievably c011111itted . As an example, some land current ly 
is occupied by buildings , roads, and waste sites. As a general rule, that land could be 
retrieved by demolition of the buildings and roads, retrieval of the waste, dispersing the non
radioactive component materials to their orig i nal sources and sto ring radionuclides at locations 
where they have no effect on humans or the usefulness of the storage location. No land i s con
sidered to be irretrievably conmitted by use or disposal of pesticides , oils, and chemica ls . 

The use of the mobile portions of the environment (air and water) by the Waste Management Opera
tions does not represent an irreversible or irretrievable resource conmitment but rather a re la
tively 3hort-term investment. The water and air above the surface of the earth are rapidly 
restored to essentially their original conditions by natural processes and dilution. The ground
water contains only a few isolated locations where the concentrations of radionuclides and chemi 
cals are above the current concentration guides for drinking water. Dilution and radioactive 
decay will restore that water to a useful form. 

Irretrievable damage or loss to the biota of the region is not expected to occur. 
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IX COMPARISON OF COSTS AND BENEFITS (RPB, X.24] 

This cost-benefit analysis is concerned only with the future costs and env i ronmental impacts of 
the Hanford Waste Management Operations. The overall program objective is to accomplish waste 
management operations in a manner resulting in the bes_t balance of costs and benefit~. 

IX.1 EVALUATION OF BENEFITS FOR THE WASTE MANAGEMENT OPERATIONS 

IX . 1.1 Minimum Radiation Dose 

The current total radiation dose to the general public as a result of the Waste Managemen t Opera 
tions activities is estimated to be about 2. 5 man-rem/yr. When N Reactor operations are com
plete, this dose is expected to decrease to less than 0.01 man-rem/yr . These doses are l ow when 
compared to the naturally-occurring background dose of about 27,400 man-rem/yr for the persons 
living within 50 miles of the Hanford Reservation . 

The maximum whole body dose received by an individual from Hanford operations during 1972 wa s 
estimated to be about 0.6 mrem/yr. The average individual whole body dose was about 0.01 mrem/yr . 
These individual doses are low when compared to the naturally occurring background dose to i ndi
viduals of about 100 mrem/yr. 

No attempt was made to estimate the reduction in radi ation dose to the general public tha t 
resulted from having the present Waste Management Operations Program. The alternative of no t 
having some program for managing waste which has already been generated has always been consid
ered an unreal i stic case. 

IX . 1.2 Minimum Chemical Pollution 

Land and water pollution due to release of chemical waste is kept to a mini1TRJ111 by stori ng the 
waste in the high-level radioactivity waste tanks or by releasing the chemicals to controlled 
disposal sites. Only relatively small amounts of chemicals in comparison to the normal chemical 
content of the river are released into the Columbia River . 

IX. 1. 3 Increased Technical Knowledge (X.24. X .2 5] 

Research and development efforts are providin~ improved methods for handling radioactive waste 
and extending knowledge of th~ effects of radionuclides on terrestria l and aquati c biota . Th i s 
knowl edge helps establ i sh the best balance between costs and envi ronmental impacts for radio
acti ve waste management programs . 

IX .1. 4 Employment 

The Hanford Waste Management Operations requires conti nuing employment for about 700 to 1200 
persons. 

IX. 2 EVALUATION OF COSTS FOR THE WASTE MANAGEMENT OPERATIONS 

IX .2.1 Capital Cost 

Future construction costs for the planned waste management facilities (described in Sec-
tion II. l .l.2.4) through 1975 are estimated to be about $42,000,000 as outl i ned in Table IX-1 . 
Table IX-1 shows the waste management facilities and activity (described in Section V.2.1 ) 
planned for FY-1976 and FY-1977 for the 200 Areas. 

IX. 2. 2 Operating Costs 

The operating costs for the waste management facil i ties are estimated to be about $35,000,000 
per year. 

IX .2.3 Land Use 

Continuation of the Hanford Waste Management Operations Program will result in 1) occupancy of 
land by structures containing radionuclides and 2) restricted use of land containing radio
nuclides. The qu1ntity of land conmitted wi l l remain essentially constant for about 300 years 
because of the presence of 137Cs, 9osr and transuranium materials in the burial grounds and 
crib sites unless najor reco~ery and cleanup programs are initiated. After 300 years , the quan~ 
tity of l and required f(1f' such purposes will decrease to the lands which contain plutonium or 
other long-lived transuranics. Recovery of plutonium from stored waste would el iminate the need 
for long tel"III control and surveillance. 
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TABLE IX-1 

WASTE MANAGEMENT FACILITIES AND ACTIVITIES PLANNED 
AND UNDER CONSTRUCTION FY-1973 THROUGH FY-1975 

100 AREAS 
N Reactor Control Rod Coolant Dump System 
N Reactor Gravity Drain and Disposal Basin 
N Reactor Ventilation Loop Seal Improvements 

200 AREAS 
In-Tank Solidification Systems, Auxiliaries 
Waste Management Effluent Control (B Plant) 
Contaminated Soil Removal Facility 
Purex Anmonia Scrubber Waste Concentration Facilities 
Additional Waste Concentration and Salt Cake Storage 

Facilities 
Purex Condensate Recycle 
Groundwater Monitoring Wells 
Encase Waste Lines 232-Z and 241-Z 
Waste Management Effluent Control 
B Plant Vent System Ventilation Improvements 
242-T Evaporator Effluent Improvements 
222-S Laboratory Exhaust Ventilation Improvements 

300 AREA 

Cost 
$ 75,000 

445,000 
325,000 

2,500,000 
1,000,000 
1,000 ,000 

405,000 

30,000 ,000 
450,000 
100,000 
115,000 

3,300,000 
475,000 
200,000 
485 ,000 

325 Building Ventilation Exhaust Addition 485,000 
300 Area Liquid Waste Disposal 190,000 
Replace and Upgrade 300 Area Contaminated Waste Line 400,000 

Total - - - - - - - - - - - - - - - ~$42,000,000 

TABLE IX-la 

WASTE MANAGEMENT FACILITIES ANO ACTIVITIES PLANNED 
FY-1976 AND FY-1977 FOR THE 200 AREAS 

Additional Waste Storage Tanks 
Groundwater Monitor1ng Wells 
Waste Unloading Facility 

Total - - - - - - - - - - - - - - -

$75,000,000 
200,000 

1,500,000 
- "477,000,000 

A sunrnary description of the conmitted lands is presented in Table IX-2. The areas in that 
table include appropriate buffer zones for surveillance and prevention of disturbance of the 
radionuclides by nearby activities such as irrigation agriculture. 

Conmitment of some of the Hanford lands to waste management makes that land unavailable for 
other uses. Because there are tens of thousands of acres of similar desert land available 
throughout the Western United States, the dedicated land cannot be considered to have rare 
characteristics that r~sult in a premium value, such as for residential or industrial use. 
Ample similar land is available nearby for any such uses foreseen. 

IX.3 COST-BENEFIT ANALYSIS 

The planned and budgeted changes for FY-1973 through FY-1975 and for FY-1~76 through FY-1977 
are surrmarized in Table IX-1 and Table IX-la, respectively. When implemented, these programs 
will reduce the quantities of radionutlides released to air, water, and soils during both 
routine operations and potential abnormal- operations. The changes to the 300 Area Liquid Waste 
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TABLE IX-2 

DEDICATED WASTE MANAGEMENT LANDS 

(a) 
General Location Content 

100 Areas Burial Grounds 

200 Areas Burial Grounds, 
Process Buildings, 
Tank Fanns, Cribs, 
and Ponds 

300 Area Burial Grounds and 
Process Ponds 

600 Area Buri a 1 Grounds 
Total 

(a) Excludes standby facilities. 

Approximate 
Area 

(Acres) 

70 

5,100 

so 
10 

5,230(b) 

(b) This is 1. 4% of the total Hanford Reservation land 
area . 

Disposal System ($190,000) and the N Reactor Control Rod Coo·lant Dump System ($75,000) will es
sentially eliminate the population dose contributions from these waste systems (about 0.1 
man-rem/year). All other facilities where chanaes are being made to improve radionuclide con
tainment (~$42,000,000) are already contributinQ essentially zero population dose. 

In Section V, alternatives were discussed for several categories of waste with special emphasis 
placed on alternatives for the radioactive waste . Study of these various categories of waste 
reveals that none of the waste is currently causing a significant environmenta l impact on ei ther 
the biota on or near the Hanford Reservation or on the genera l population, Essentially all re
leases of materials or energy are made in such a way that they comp ly with appropriate local, 
stat e, and national standards. The primary environmental impact, an annual radia tion dose of 
about 2.5 man-rem/year to the population, will decrease to less than 0.01 man-rem/year following 
the shutdown of N Reactor. 

The capital cost, time to adopt, potential release prior to earliest possible adaption, and 
changes in 1) radiation dose, 2) land use areas, 3) curies to the soil, and 4) releases to 
groundwater and to the Columbia River for the major alternative to the treatment and handling 
of high-l evel liquid waste, liquid effluents, and gaseous effluents are su1T111c1rized in Table IX -3. 
Also in Table IX-3 is a compilation of total curies and 90sr, 137Cs, and 60co curie reductions 
related to the costs of the alternatives. The radiation dose to the popula tion and consequently 
the health effects are essentially independent of the alternatives chosen. There would be no 
detectable effects on aquatic or bird li fe and only minor habitat displacement for animal li fe 
by adopting any of these alternatives. Chemical releases to the atmosphere and to the Columbia 
River would change only slightly . Some reductian in atmospheric releases wou ld occu r i f alter
natives requiring minimum consumption of foss il fuels were adopted , particularly tennination of 
the operation of the steam heated evaporators. 

The existence of the current inventory of radioactive waste requires that a waste management 
operations program be continued. The alternatives to the present high- level waste management 
program cost considerably more than the current program would require at least twice as long to 
implement (thereby doubling the predicted curi es that might be released to the soil due to 
tank leakage during time to implement the alternative); require the conmitment of additional land 
to waste management and, after implementation, would provide no change in the radiation dose or 
the curies of radioactive material released to the soil compared to the current program. After 
considering the high-level liquid waste management alternatives, it is concluded that the 
current program of solidification to salt cake should proceed. This program will include the 
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TABLE IX-3 

COST-BENEFIT SU..v-1ARY 
For Per iod of Opera - For Periods of Opera-

tlons 1978-1990 tlons 1978-1983 
After Alternative Adoption Tota I $/Cl/yr Tota 1 $/Ct/yr Total S/Ct/yr 

Chan~e In : Not Stored on Soils Not Released to River Not Released to River 
Caplh l T111e to Predicted Radiation and Curles 161 $/Ct/yr $/Ct/yr $/Ct/yr 

Cost Adopt Curles to bi Dose Use to of 90Sr of 90sr of 90sr 
Al ternatlves (111111 Ions) imr.ll Released(• (111n-rem[xr) Area ~ lli.!m: 137Cs 1 

6 4co -1illL.rr 137Cs 1 '4co -1illL.rr 137Cs 1 
6 4co 

acres per yr 

High-level llguld Waste 

Continue present pro9ra• (c) 
Replace older single-wall tanks 30 3-4 8 ,000 0 5 -200 150,000 150,000 NA NA NA 
Replace all single-wall tanks 75 5 10,000 0 10 -2000 38,000 38,000 

Discontinue Solidification to Salt Cake(c ) 
New double-wall tanks 300 '\,10 20,000 0 50 :2000 150,000 150,000 
Calcine 200 '\,10 20,000 0 JO -2000 100,000 100 ,000 
High Temperature Melt For1111tlons 100 '-IO 20 ,000 0 30 -2000 50,000 50 ,000 
Insoluble Fonnatlons llO '\,10 20,000 0 75 -2000 65,000 65 ,000 

llguld Effluents 

200 Areas 

• Evaporate B Plant Strea• s 1- 1.5 2 160 0 0 -30 40 ,000 200,000 .... [-7](d} 
>< 
J.. • Evaporate Purex Amnonla Scrubber 0.5-0.8 2 160 0 0 -30 20,000 >800,000 

Strea111S [0 .1 ](d} 
• Evaporate All Discharge Strea111s 30-35 3 240 0 30 -60 

[ -7](d} 
80,000 , 4 ,000,000 

100 Areas 

• Relnject Rupture loop 0.6 5,400 0 0 - 1000 600 7,500 100,000 >600,000 50,000 >600,000 
[ -B0](d} 

• Closed loop Cooling 2.2 2 11,000 <0.1 0 -1500 1,500 13,000 200,000 >2,400 ,000 100 ,000 >2,400,000 
[ - l70](d) 

• Provide both Relnjett Rupture 2.8 2 11,000 <0. 1 0 -2500 1,100 10,000 170 ,000 >3,000,000 84 ,000 >3,000 ,000 
loop and Closed lou11 Cool Ing [-250](d} 

• Tota I Effluent Treatment 22 3 16,000 <0.1 20 -5100 4 ,300 54 ,000 850,000 >25,000,000 430 ,000 >25,000 ,000 
[ -4IO](d) 

Gaseous Effluents 

• N Reactor 10• 2- l 150,000 -1. 4 0 0 

(a) Predicted curies to be released from present operations prior to earliest possible adopt ion of the alternative, 
tritium excluded. 

lb! Excluding tritium, changes given are for after the alternative is operational compared to current operation . 
c Assumes two 5000 gallon leaks- · 
d) Reduction In 90sr + 117Cs • 60co In soil . 
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replacement of some or all of the single-wall tanks with improved double-wall tanks as required. 
However, research and development will continue on methods for solidification of residual 
liquors as well as alternative insoluble formations. 

The cost-benefit analysis for the liquid effluent alternatives for the 100 and 200 Areas is, at 
best. extremely difficult to quantify. The estimated dose to the public from future operations, 
without the adoption of any of the liquid effluent alternatives, is >0.1 per man-rem/year. 
This compares to 27,000 man-rem/year from natural background radiation . Also little difference 
in land usage exists between alternatives. Therefore, some criteria must be established to 
equate the costs of these alternatives to the benefits received from discontinuing use of the 
natural soil columns without regard to the estimated exposure to the public from radioactive 
materials. Such analysis clearly involves value judgements based upon a perception of benefits 
comnensurate with risks, since there is no realistic numerical relationship between dollars 
spent and curies not released to the ground. Therefore , the analysis was performed on the 
basis of evaluating the costs of the reduction of radionuclides, particularly the long-lived 
radionuclides (90 sr, 137Cs, and 60co), and the effect such reduction would have on the decay 
period (i.e .• time required for the current inventory of radionuclides in the soil to reach 
background levels) of the radionuclides already deposited in the soil . 

As indicated earlier , adoption of any of the li quid effluent alternatives for the 100 and 200 
Areas would not result in any material change in the dose to man. There would be no change 
at all for the 200 Area alterna tives and less than 0.1 man-rem/year for the 100 Area alterna
tives. The dose to man from the current waste management practices is already well below pre
scribed standards . 

On a dollar per curie not released to the soil basis , for both long-lived and short-lived radio
nuclides. the most cost effective option is the combined Reinject Rupture Loop and Closed Loop 
Cooling alternative (Table IX-3) for the N Reactor (1 00 Area) . This combined project provides 
for a 2,5000 curie per year reduct ion of radionuclides released to N Crib, i ncluding a 250 curie 
reduction for the long-lived radionuclides (90sr, 1l 7Cs. and 60co) at a capital cost of $2 .8 
mill ion and operating cost of $40,000 per year . The discharge of 90 sr and 137Cs would be reduced 
by more than 90% and 60 co by more than 50%. This opti on results in a reduction in the N 
Crib decay period of about 15 years. Compared to this combined alternative, the Total Effluent 
Treatment alternative (Table IX-3) for the 100 Area would 1) reduce the curies released to the 
N Crib by a factor of 2 but at a capital cost of $22 mill ion (a factor of 7 greater) and 
$600,000 annual operating cost (a factor of 15 greater) and 2) reduce the decay period of N Crib 
by only an additional five years . 

If N Reactor operates onl y through 1978, none of the 100 Area liquid effluent t reatment alterna
tives can be justified in view of the time required to implement . If N Reactor operates through 
1983, or longer, the alternative that would provide both Reinject Rupture Loop and Closed Loop 
Cooling is marginally justifiable on the basis of the cost of the reduction of the decay period 
for N Cri b. The Total Effluent Treatment alternative cannot be economically justified in view 
of the small additional curie reduction and decay gain compared to the comb ined alternative . 

The alternatives for the 200 Areas liquid effluents cost hundreds of thousands to millions of 
dollars with only a very small reduction in radionuclides discharged (<60 Ci per year t otal and 
<7 Ci 90sr + 137Cs + 60co). The adoption of any of the alternatives for the 200 Areas would reduce 
the overall decay period for existing cribs by only a few years, compared to the current program. 
These projects cannot be economically justified for the small reduction in crib decay period. 
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X COMMENTS 

The corrment section is divided into two parts, 1) Report of the Presiding Board corrments, other 
corrments and ERDA responses and 2) full text of all corrment letters (exhibits in subsection X.29). 
Section X.O contaihs corrments and recorrmendations of the Presiding Board of the Public Hearings 
held on the Draft Environmental Impact Statement (DEIS) in Portland, Oregon and Richland, Washington. 
Each of the incoming corrment letters was serially assigned a number as it was received . The 
assigned numbers were used throughout the text to indicate topic areas where text changes were 
made as a result of corrments . For example, Corrment Letter 4 is identified as X.4 . Any text 
changes made as a result of co_rrments contained in Letter 4 are identified [X.4] in the text of 
the statement. The response to Corrment Letter 4 in this section indicates "Text Change Made , 
Vol _, Section . " If a text change was not made, the ERDA response irrmediately follows the 
letter corrment inthis section. Page numbers referred to i n the corrment letters are those used 
in the DEIS issued September 1974, not this document. The corrments presented by t he Report of 
the Presiding Board [RPB] are identified in the same way throughout the text. 

For the reader's coRvenience, the following index to the corrment letters is provided. 

Corrment 
Letter 

X. l 
X. 2 
X. 3 
X. 4 
x.s 
X. 6 
X. 7 
X. 8 
X.9 
X. 10 
X. 11 
X. llA 
X.12 
X.1 3 
X. 14 
X. 15 
X . 16 
X.1 7 
x. 18 
X.19 
X. 20 
X. 21 
X. 22 
X. 23 
X.24 
X.25 

X.26 
X. 27 
X.28 

Department of Agriculture 
Concerned Californians 
Jennifer Bromgren .... . 
Steven C. Sholly .... . 
Neal E. Wilson .. . .. . 
H. W. Ibser . . ...... . 
Eugene Future Power Committee. 
R. G. Wolfe ..... . ... . 
Department of Agriculture . . . 
Protect the Peninsula ' s Future 
W. P. Metz ... . .. . . . 
W. P. Metz . ..••..•.. 
National Science Foundation . . 
Federal Power Commission . . . . . . . 
Department of Health, Education, and Welfare 
Department of Corrmerce .. 
Department of Defense .. . 
State of Oregon • . ... . 
Department of the Interior 
Mrs. Ray Rodd . ... . 
Betty Lagergren ..... . 
Alan Stamwi tz . ... .. . 
Zero Popul ati on Growth . . . . . . 
North Anna Environmental Coa lition 
Environmental Porteciton Agencv- ... 
Natural Resources Defense Council, Inc. 
Oregon Environmental Council 
Friends of the Earth 
Sferra Club ........ . 
Department of Transportation 
Arthur S. Kubo ...... . 
State of Washington .... . 

Comment and 
Response Page 

X-1 2 
X-12 
X-12 
X-13 
X-20 
X-21 
x.;.24 
X-25 
X-28 
X-28 
X-32 
X-33 
X-40 
X-41 
X-41 
X-43 
X-44 
X-44 
X-45 
X- 56 
X-56 
x·-s5 
X- 57 
X-57 
X-57 

X-78 
X-95 
X-96 
X-97 

Exhibit 
Page 

X-98 
X-99 
X-99 
X-101 
X- 106 
X-107 
X-108 
X-108 
X-11 1 
X-112 
X-113 
X-114 
X-117 
X-118 
X-119 
X-120 
X- 122 
X-122 
X-126 
X-134 
X-134 
X-135 
X-135 
X-138 
X-140 

X- 155 
X-205 
X-207 
X-209 

x·. o Corrments from the Report of the Presiding Board (Members identified in Val 1, Foreword) 

X.0 .1 What should the agency do next? 

A large number of wi tnesses critici zed the scope of the EIS . They argued that it was in
complete and did not deal effecti vel y with the true, long term alternatives faced by the agency 
in managing high level, long l ived waste materi als at Hanford. Specifi c criticisms are listed 
below under substantive headings . Several witnesses suggested that the agency shou ld adopt 
additional procedures to reconsider the EIS and the waste management program at Hanford . 

(a) Several witnesses suggested (or endorsed the suggestion) that an impartial Committee , 
consisting of representatives of interested Federal and State agencies, universit i es , and other 
institutions, and the public be created "to assess the currertt status at Hanford . " The Committee , 
it was proposed, would issue a public report, and recorrmend changes in po lici es and procedures 
to increase the margin of safety in waste management operations at Hanford . 
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X.O Corrments from the Report of the Presiding Board (Continued) 

(b) It was suggested that the agency should order another hearing at which participants 
would have the opportunity to explore fully with agency witnesses the following areas: 

(i) The extent of knowledge regarding the geological and hydrological conditions of 
the Hanford reservation, particularly with respect to the mobility and potential for release of 
the large store of radioactive materials that are now or will soon be in the soil ; 

(ii) The extent of retrievability of the high level wastes in shallow earthen burial 
sites; and 

(iii) The extent of disclosure of competent, responsible criticisms and evaluations 
which are or have been in the possession of the agency. While the organization making this 
suggestion stated that it did not seek to saddle the agency with "unnecessary rigid procedural 
requirements," it did contemplate an opportunity for "full questioning . 11 The justification given 
for this unusual procedure is that the Hanford waste management program presents "an unusual 
situation" in that the issues are complex, the agency is in effect evaluating its own performance 
over the previous 30 years, full disclosure of the margin of safety at Hanford involves heavily 
factual issues, and a full presentation of the technical and critical judgments and assessments 
of competent scientists is essential. 

(c) It was suggested that the agency might issue a revised EIS and request further corrment 
and submission of views by members of the public either in writing or through another legislative
type oral proceeding . 

(d) The Environmental Protection Agency reconmended that "a thorough independent review and . 
assessment of the hydrogeological situation at Hanford be made" with the cooperation of other 
agencies such as the U.S. Geological Survey and EPA. 

(e) Of course, the agency may simply issue a final EIS based on the information and sugges
tions presented by written submission and at these hearings, as is assumed in an Objection to 
Interrogatories filed on February 13, 1975 by the agency in litigation in the United States 
District Court for the Eastern District of Washington (Natural Resources Defense Council v. Ray, 
et al . ) . 

With respect to these various alternatives, it might be observed that (1) the chief spokes
man for the agency recognized that some portions of the EIS would have to be substantially 
expanded, and (2) the requests for additional procedures ·were made prior to the written responses 
to specific questions by the agency on February 26, 1975. 

Response 

Text Changes Made - Vol 1, Foreword and Section V 

l . The purpose and scope of the statement as stated in the Foreword is to reassess the ongoing 
Hanford Waste Management Operations Program so as to avoid or minimize any future adverse 
environmental effects. This is not intended to be a statement on the ultimate disposal of 
the Hanford waste. EPA agreed that this was a proper scope for the statement (see 
Exhibit 24). As a result of the corrments, more infonnation has been provided on the current 
R&D programs for ultimate disposal (see Section V). 

(a) This suggestion raises questions in the area of responsibility for the control and 
management of the Hanford Waste Management Operations Program. That responsibility 
rests with the ERDA. Similarly, the responsibility for the preparation of the environ
mental impact statement rests with the ERDA. However, independent reviews of this 
program have been made in the past, including a review by the National Academy of 
Sciences. The General Accounting Office has also reviewed the Hanford Waste Manage
ment Operations Program. ERDA plans to continue to utilize the expertise and evaluation 
of recognized experts with respect to its waste management operations. 

(b) Text Changes Made - Vol l, Section II.3.14 and Section V 

ERDA did not believe that an adversary-type proceeding would be in the public interest 
for the issues considered in the Hanford EIS. As Professor Robert W. Hamilton, Chair
man of the Hearing Board, said at the Portland hearing in response to the request for 
an adjudicatory hearing: 11 1 might observe in passing that I cannot imagine issues less 
well suited for a trial-type proceeding than scientific questions of this nature." 
(Transcript of hearing proceeding, Portland, Oregon, January 23, 1975, p. 204). The 
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X.O Corrments from the Report of the Presiding Board (Continued) 

purpose of the DEIS is to obtain input from other sources. In addition to the usua l 
co11111enting procedures, public hearings were held in Richland, Washington, and Portland, 
Oregon, to provide an additional opportunity for the public to co11111ent on this state
ment. The areas of concern have been carefully considered and evaluated and the 
statement has been modified and expanded in areas where such action was appropriate ; 
for example, the Hydrology Section of the impact statement has been substantia ll y 
revised, a description of the current plans with respect to the retrievability of the 
plutonium and transuranic wastes in the soil has been included in Section V, and a 
review of the c011111ents and evaluations that have been performed by independent organi 
zations has been added to Section II.3.14. 

(c) ERDA determined that the issuance of a revised DEIS was not warranted . 

(d) Text Changes Made - Vol 1, Secti_~~ II.3.8.2 and Vol 2, Appendi x II.3-D 

EPA's reco11111endations that a thorough independent review and assessment of the hydro
logical situation at Hanford be made will be seriously cons i dered. Dr . Raul Dej u, 
cited by EPA in support of that recomnendation, was co11111issioned as a consultant to 
perform that very type of independent review and assessment of the hydrologica l situa
tion at Hanford. Modifications of the hydrological monitoring program are currently 
being made in accordance with Or. Oeju's rec011111endations . The Hydrology Section has 

· O been substantia l ly revised (Vol l, Section II . 3. 8 and Vol 2, Appendix II . 3-D) in 
response to the numerous c011111ents on thi s subject . 

0 

.. 

X.0.2 The Continued Production of Salt Cake and Future Containment of High Level Waste . 

Representatives of the agency stated t hat a major question raised by the EIS was whether the 
present practice of converting high level liquid waste into salt cake by removal of the highl y 
radioactive strontium-90 and cesium-137 and extraction of as much li qu id as possible should be 
conti nued. Witnesses at the hear ing did not seriously question the des irabi li ty of cont i nu ing 
this practice as an interim measure to minimize l eaks into the soil from existing tanks , t hough 
several expressed the view that production of salt cake might confuse and complicate the agency's 
long tenn disposal problems . 

Concern was particularly expressed about the storage of sludge and salt cake in si ngle wall 
tanks whose int egrity i s uncertai n. It was suggested that such sludge and sa lt cake may be 
difficult or impossi ble to retri eve safely from such t anks, and that the effect of continuing the 
storage of sal t cake in those tanks may consti tute a de facto decis ion to maintain t he wastes in 
thei r current storage tanks pennanently , an "unacceptab le'' permanent solution. A wi tness 
suggested: 

(a) The agency should i11111ed iately begin the construction of new double wall tanks (to the 
maximum extent practi cal) to replace all single wall tanks whose integrity may be in question 
before the implementation of a plan for permanent storage of such wastes ; 

(b) The inter im storage of salt cake exclusively in double wall tanks; 

(c) Abandonment of the plan to seal off single wall tanks if sealing complicates subsequent 
hydraulic removal of wastes; and 

(d) Imnediate consideration of the problem of retrieving salt cake and sludge from tan ks 
(including the S-X tanks) whose integrity has been breached or is uncertain. 

The witness also expressed concern that res idual liqui ds t hat cannot effectively be removed from 
the sal t cake may l eak into the ground if present tanks are used for indefinite storage. 

Response 

Text Changes Made - Vol 1, Section V.2.1_. l, Section V.2.1.3, Section V.2 . 5 and Section IX 

2. Conceptual designs have been prepared to allow the recovery of the salt cake from the 
storage tanks using vendor supplied components developed for the mining and materi al 
handling industries. Section V.2 . 5 of Vol l provides a discussion of the research and 
development plans for ultimate disposal. 
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X.0 ColTl'llents from the Report of the Presiding Board (Continued) 

(a) Construction of three new one-million gallon double-wall tanks has been completed and 
construction of four more is in progress. In addition, construction of six more 
double-wall tanks is budgeted for 1976 and six for 1977. Some of these would replace 
single-wall tanks whose integrity may be uncertain. 

(b) ThP consideration to replace all single-wall tanks with double wall tanks for the 
storage of high-level waste is an alternative discussed in Sections V.2.l . l, V.2. 4. l 
and IX of Vol l. 

(c) There is no plan to remove solidified waste from single-wall tanks by sluicing and, 
therefore, no complications are added to the removal of the waste if these tanks are 
sealed off. Liquid waste has bee.n removed from all confirmed or suspected leakers 
(usually complete removal) to eliminate the potential of further leakage of liquids 
from these tanks to the soi 1. In those few cases where liquid remains, the liquid 
level has been pumped to below the level of leakage . Solids in the form of sludges 
remain in these tanks. 

(d) A text change has been made in Section V.l of Vol l to clarify that conventional 
sluicing and redissolving techniques will not be used to retrieve salt cake and sludges . 
These solids do not represent a threat for the environment. Technology is be i ng 
developed for mining of salt cake and sludges . 

X.0.3 The Development of Permanent Disposal Plans for High Level Waste. 

Several witnesses and the Environmental Protection Agency felt that the major deficiency in 
the agency's waste management operations was its apparent failure to develop long term disposal 
plans for the high level radioactive salt cake and sludge currently being generated and stored 
in tanks. It was urged that a description of the agency's tentative plans, to the extent that 
it has them, should be included in the EIS. Concern was expressed that the development of a 
plan, first promised in 1973, has been delayed either to 1977 or 1981 . Concern was similarly 
expressed about the failure to develop long term disposal plans for the encapsulated radio
strontium fluoride and radiocesium chloride now being held in the water-cooled storage facilities 
in or adjacent to B plant. [Additional information with respect to permanent storage plans was 
submitted by the agency in its response of February 26, 1975, including a statement that "there 
is no existing plan to convert the capsule storage basins (near 8 plant} to a 'final disposal 
Site. I II] 

In considering alternative plans for the handling of high-level waste at Hanford, it was 
suggested that the most desirable criterion should be not the minimum radioactivity released off 
the Hanford reservation (since such plans all involved essentially zero release} but removal of 
radioactive wastes from the environment per dollar of cost or the minimization of land perma
nently rendered unfit for other use. 

Response 

Text Changes Made - Vol 1, Section V and Section IX 

3. The tentative plans and milestones for long-term handling and ultimate disposal have been 
expanded in Sections V and U. As noted in the Foreword, EPA, in its c011111ents dated 
January 23, 1975, suggested that at the conclusion of the ongoing effort to prepare impact 
statements for all major ERDA waste management operations (Hanford, Savannah River, and 
Idaho), ERDA should prepare a generic environmental statement addressing the long-range 
program for both interim storage and ultimate disposal of all ERDA generated high-level and 
transuranic wastes. ERDA is carefully considering EPA's suggestion and a statement or 
statements will be written during the research and development process before that process 
has reached the stage of investment or COITl'llitment likely to foreclose or restrict available 
alternatives. 

The long-term storage plans for the Waste Encapsulation and Storage Facility do not include 
any plan to convert the capsule storage basins to a "final disposal site." Corrosion test 
results show that 90sr and 137Cs inner capsules will maintain their integrity for at least 
600 years when stored under water. In this period, the radionuclide activity will have 
decayed to less than 200 millicuries per capsule. When a final disposal method for Hanforo 
waste is available, these .capsules can be included. 

The expanded Section IX includes cost/benefit data relating to lands used to store radio
nuclides as well as cost per curie of radioactivity removed from effluents before reaching 
the Columbia River. 
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X.O Coriments from the Report of the Presiding Board · (Continued) 

X.0.4 The Storage of Radioactive Waste in the Ground. 

Many witnesse!s strongly urged that ttie EIS should consider the "mining" or removal of 
plutonium wastes in the soils at Hanford. particularly in the Z trenches and the shallow trenches 
used for solid wastes. The agency's response of February 26, 1975 states that the total amoun t 
of plutonium stored at the Hanford site is estimated to be 940 Kgs. [kg]± 30 percent. Of this, 
approximately 39 percent is stored in solid sites. 21 percent in liquid si tes, while the rema ining 
40 percent is in tanks. 

The cost of removing and isolating this material should be calculated and compared to the 
costs of direct surveillance and loss of use of land entailed if the plutonium is left in t he 
ground. The view was expressed that such removal should not be dependent on whether the plutonium 
recovered had conmercial value but rather should be to eliminate a potential danger from t he 
environment.* Concern was expressed as to whether the behavior of plutonium in soil was ful ly 
understood and in fact was now stabilized. [Reference was made at the hearing to the env i ron
mental impact statement relating to the plan to mine the Z-9 crib.] 

In view of the long half life of plutonium, the probability (indeed. certainty ) of major 
climactic [climatic] and other changes should be considered . in evaluating the desirabi l~ ty of 
removing as much transuranic nuclides from the soil as possible. It was suggested that any of 
the following non-catastrophic events might ultimately lead to the release of radioacti ve was t e 
into the environment: 

(a) The construction of the Ben Franklin dam; 

(b) !~creased irrigation; 

(c) The cumulative effect of creating a "nuclear par k" at Hanford consist i ng of as many as 
30 reactors ; 

(d) Increases in rainfall; 

(e) Reducti o~ in rainfall [it was argued that as the climate becomes dri er, moisture may 
flow to the surface and nuclides may be distributed by wind eros ion]; and 

(f) Volcanic activity [tt was argued that such activity might lead to addit ions of ash to 
the soil and a resultant change in flora types] . 

[The agency ' s response of February 26 . 1975 indi cates that information wi th respect to some of 
these events is avai lable; presumably such info rmat ion can be i ncorporated in the EIS. ] 

Response 

Text Changes Made - Vol 1, Section II. 1.1.4.4, Section II.l References. Section V.2.5 and 
Section IX; Vol 2, Appendix II.1-H 

4. Research and development programs to demonstrate the ability to recover plutoni um from 
cribs and trenches is in progress. ERDA has now gone ahead with plans to mine the Z-9 Cri b. 
This recovery effort will provide the practical knowledge on methodology, potenti al and 
actual problems. the economics involved and areas of needed research. The text provides 
additional information on measurement of plutonium in soils. 

(a) Although the U.S. Corps of Engineers has conducted a preliminary study on t he proposed 
construction of the Ben Franklin Dam. t he detailed studies that are ·necessary to 
determine the effect on the Hanford water tables have not been done . However , some 
studies of t he effects on Hanford have been made (see Reference 15 of Secti on [I .1). 
If a f i rm proposal to cons truct t hi s dam is made , the effect wi l l be studi ed and 
separate EISs ~repared i f necessary. Should the study indicat e that the water tab le 
will be affected to a degree that it would threaten the containment of t he radioactive 
wastes. either the dam would not be constructed or the radioacti ve wastes wou ld be 
removed prior to construction. 

*The agency's response of February 26, 1975 states that "it is technically feasible to retri eve 
essenti ally all of the plutonium. however, it may not be economically justifi ab le." 
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X. O Co11111ents from the Reoort of the Presiding Board (Continued) 

(b) Any irrigation or construction proposals of a magnitude to change the Hanford water 
table levels would be studied in the same manner as a proposal to construct the 
Ben Franklin Dam. Studies to broaden our knowledge of the movement of moisture in 
Hanford soils are continuing. The first work at Hanford directed toward investigation 
of moisture transport through partially saturated sediments concluded that precipitation 
could percolate from the ground surface to the water table, especially in areas where 
the distance to the water table was less than 20 feet (near the Columbia River). The 
amount of precipitation, i f any, reaching the water table beneath the 200 Area was 
believed to be too small to measure . To resolve the question of whether precipitation 
on the 200 Area plateau reaches the water table, a field test facility was constructed 
in 1971 to measure moisture content and potential as a function of time and depth. The 
data obtained from this field site have not been collected for a sufficient length of 
time to conclusively resolve this question . However, all the data indicate that the 
moisture movement upward or downward is extremely slow. 

(c) The consequences that may result from the construction of a nuclear park or even the 
addition of one reactor will need to be presented and evaluated in separately prepared 
EISs. 

Those already prepared are: Environmental Statement Related to Construction of 
Washington Public Power Supply System Nuclear Projects 
and 4 NUREG-75/012, March 1975 

Environmental Statement Hanford No . 2 Nuclear Power 
Plant, December 1972 

Fast Flux Test Facility Environmental Statement, USAEC, 
WASH-1510, 1972. 

(d) See 4(b) above . 

(e) See 4(b) above. 

(f) The research areas under investigation as described in Vol 1, Section V include 
studies on the possible influences that flora types will have on plutonium uptake. 
These results will assist in evaluating the effect of changes in flora type i f this 
should occur for any reason including volcanic.' 

X. 0.5 The Tank-106 Leak and Other Accidental Leaks. 

Closely related to point 4 is the suggestion that the EIS does not give adequate considera
tion to the possibility that the wastes leaked at Tank 106-T might move into the water table 
because of variations in soil moisture, vegetation or animals, and a rising water table. It was 
also suggested that similar consideration should be given for every other major leak. The 
statement of the Environmental Protection Agency and the Department of Interior both suggest that 
the hydrological data presented in the EIS does not conclusively show that these waste materials 
will remain pennanently where they now are. At the hearing the views of the agency's hydrology 
consultant, Dr. Raul Deju, were also considered extensively. [Additional infonnation relating to 
the limited movements of nuclides since discovery of the Tan_k-106 leak and to present and 
contemplated studies of the movement of nuclides in the Hanford soil is set · forth in the agency's 
response of February 26, 1975.] 

Response 

Text Changes Made - Vol 1, Section III.2.2.2, and Section V.2 . 5.2; Vol 2, Appendix II. 1-C, Part 5 
and Section II . 3-D.3 

5. Inmediately following the leak occurrence from the 106-T waste tank in June 1973, a ~umber 
of vertical wells were drilled to pennit monitoring of the migration of the radioactive 
materials in the soil beneath and surrounding the waste tank. The results from periodic 
monitoring of these wells indicate that more than a year and a half after the leak was 
discovered, the sediments near the tank still contain the waste in a region that is more 
than 100 feet above the water table. The data show that the movement downward is stabilized. 
Minor lateral movement was evident at only one monitoring well. Evaluation of the geology 
and hydrology of this particular well showed that such lateral spreading of the material 
would be expected. The peak count rates in monitoring wells are decreasing with time, 
consistent with the ruthenium decay curve. 
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X.O Conments from the Report of the Presiding Board (Continued) 

X.0.6 N-Reactor and the Purex Plant. 

A number of witnesses addressed themselves to problems associated with the continued 
operation of this reactor and processing plant. The following views were. expressed: 

(a) The need for the plutonium created by N-Reactor was questioned and the view was 
expressed that this was really a nonconforming power reactor in. d.tsquise . The. o.veral T need fo r 
the continued operation of this reactor was questioned, and i t was suggested that the reactor 
should be shut down inmediately to end the intentional release of radioacti.v~ waste · into the 
ground water and the Columbia River. [The agency's response of Fellr-uary, 26:,, 1975 states that 
these views raise questions beyond the scope of the EIS . ] 

(b) It was suggested that if the N-Reactor is to operate after 1977P steps shou,ld be taken 
to eliminate all releases of radioactive waste to the environment. Because of the long lead 
ti me for such steps , it was urged that a prompt decision as to the future of this re-actor was 
essential. 

(c) It was suggested that consideration should be given to closing down the Purex plant 
inmediately and storing the spent fuel rods generated by the N-Reactor until conmerci al process ing 
plants are available. This also would substantially reduce the intentional storage of radio
active waste in the ground . 

(d) Witnesses also testified that the EIS should di scuss the following aspects of t he 
rt-Reactor-Purex p 1 ant: 

(i) The possibility that the Purex plant will be used for COITlllercial wastes; 

(ii) The number of fuel ruptures or cladding failures at the N- Reactor, and the 
i nadvertant release of radioactivity as a result [information on this question appears in t he 
agency's response of February 26, 1975]; and 

(iii ) The possibili ty that this reactor could be brought into conformity with general 
conmercial power reactors . 

Response 

Text Changes Made - Vol 1, Sect ion III.1 .1. B, Section V and Sect ion IX 

6. (a) The alternatives cons i dered have i ncluded t he impact of ill'lllediate shutdown of N Reactor 
as well as extens ion of operati on throughout i ts useful life (1990) . Continued opera
tion is based upon the need to produce plutoni um to meet ERDA requ i rements. Presented 
in Section V are alternatives with respect to effluent control s . The effect of bo th 
N Reactor continued operation and the operati on of Purex through 1990 is considered in 
Vol 1, Section II I. 

(b) The text changes made in Sections V and IX of Vol 1 describe in detail the project s 
planned and under construction and other alternatives to further reduce N Reactor ' s 
release of radioactive material. 

(c) Although the Purex plant is not currently operating, as spent fuel rods i n N Reactor 
accumulate they will have t o be processed to recover the plutonium produced . Conmer
ci al processing is not likely because of limi ted conmercial reprocessing capac i ty and 
the substantial differences in chemically recovering plutonium from N Reactor ' s 
zi rcon i um clad metal li c fuel elements as compared to conmercial fuel elements. For 
further discuss ions on Purex shutdown , see Secti on V.2 . 3. 

(d) 

(i) Purex plant is not now being consi dered for convers i on to handle c011111erc i al 
waste . . 

(i i) Duri ng the past five years 28 fuel element cladding failures have occurred in 
N Reactor. The number of failures for each of these five years is shown below: 
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X.O Co1T1Ttents from the Report of the Presiding Board (Continued) 

Year No. of Failures 

1970 5 
1971 8 
1972 7 
1973 3 
1974 5 

In N Reactor, a sample of coolant from each of the 1003 process tubes is monitored 
for evidence of a fuel cladding failure. The reactor is promptly scrallllled when 
such a failure occurs. With this practice, no increase in the releases of 
radioactivity to the crib from N Reactor was detected following 26 of the 28 
failures. In two cases, an increase in radioactivity was detectable. The 
greatest release of activity that has occurred during the operation of N Reactor 
took place on April 10, 1974. Approximately 300 curies of mixed fission products* 
were released to the 1301-N crib as a result of this fuel cladding failure. The 
second detectable release to the 1301-N Crib occurred on December 7, 1973. 
Approximately 220 curies of mixed fission products* were discharged to the 
1301-N Crib as a result of this failure . 

(iii) N Reactor is not a conmercial power reactor and was designed and built prior to 
the present co1T1Ttercial reactor perfonnance requirements. The dose to people in 
the environment from N Reactor operations is about the same as that for co1T1Ttercial 
reactors . 

X. 0.7 The Old Reactors on the Columbia. 

In view of the fact these unused reactors may at some time in the future be submerged by 
flood, it was suggested that consideration be given to the removal of these old reactors since 
they contain substantial radioactive contamination. [Information on this question appears in 
the agency's response of February 26, 1975.] 

Response 

Text Changes Made - Vol 1, Section II.1.1.2.5 and Section V 

7. ERDA is in the initial phase of formulating deco1T1Ttissioning plans for all retired and 
radioactively contaminated facilities in the Hanford area . Alternatives for disposa -1 of 
the retired reactors are currently under study and funded at a $300,000 level in FY-1975 . 
Further details are presented in the decontamination and deco1T1Ttissioning addition to Vol 1, 
Section II.1.1 . 2.5. 

X.0 . 8 Possible Catastrophic Events. 

Witnesses suggested that the EIS should consider the impact of possible catastrophic events 
at the Hanford reservation, including : 

(a) The simultaneous failure of the cooling system and backup system in boiling tanks and 
other tanks containing large amounts of strontium-90 and cesium-137; 

(b) Sabotage; 

(c) Total abandonment of site; 

(d) The explosion of a megaton weapon over the tank farm area; 

(e) A glacial-caused flood similar to those occurring 12,000-20,000 years ago including a 
comparison of the warning time and the time needed to remove radioactive wastes; 

(f) The collapse of one or more major dams above the Hanford reservation; 

(g) A deluge sufficiently great to cause migrati_on of the nucl ides now in the soil; and 

(h) An earthquake close to B plant. 

*Radionuclide with half-life of 67 hours or more. 
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X.O Coirments from the Report of the Presiding Board (Continued) 

All of the foregoing events were considered to be "credible" in view of the extremely long 
half lives of the transuranic isotopes stored in the ground at Hanford. 

Response 

Text Changes Made - Vol l, Section II.3.9. 1, Section III . 2 References, Section I!I.2.1 , 
Section !II.2. 6, Section III.2.ll, Section III.2.11.3 and Section V.l 

8. (a) Section !II . 2.6 presents data from the safety analyses reports for B Plant. 

(b} Section II!.2.T includes sabotage and plant security data . Since the scenarios for 
military attack are unlimited and highly speculative, the inclusion of such scenarios 
in this statement would be unreasonable speculation . 

(c) The text changes fa Sectiorr 'I. l discuss the consequences of tenninating waste manage
ment ope~ations. 

(d) Acts of war are: not considered; however, the effects of a nuclear weapon- explosion at 
a tank farnr location have beerr s.tudied. The document reporting the results of these 
studies is given as Reference 17 at the end of Section Ill.2 of 'lol 1. 

(e) The fail ure: of upstream dams fs cons idered (U.S . Corps of Engineers) as an i ncredib le 
event and is not ana 1 yzed·. 

(f) A text change lras been made- in·. Section II.3.9.1 to include rainfall predi ction data . 

(g.) The: consequences of an earthquake as unexpectedly severe as Richter 6 .. a magnitude have 
been- analyzed irr Vol T., Section rI . 3.T and Section IU.2.11.2.1 . See (a} above and 
Sec ti on II I. 2. 11 . 

X.0 . 9 Consideration of Overal'l Hanford Operations. 

The EIS is generally l"imited to the management of the wastes created· as a result of the 
weapons program. It was suggested that the EIS should consider the waste created by all nuc l ea r 
installations at Hanford , including. comnercial reactors and the fast flux facility . ft" was also 
suggested that the EIS should consider· the total cumulative impact of all past management 
practices at Hanford. 

Response 

9. Separate environmental impact statements have been prepared for Washington Publ i c Power 
Supply System Reactors, Documents NUREG-75/012 and the Fast Flux Test Faci lity, WASH-1510. 
Also, see previous comment regarding nuclear parks [X.0.4(c}]. 

The annual environmental reports, issued publically since 1959, evaluate the cumulative 
impact of all past Hanford operations and any contributions from accidents. The levels 
found in the envi ronment are now so low that the doses to people were estimated from 
emission or release data and exposure pathway models. The earlier· reports- are listed in a 
bibliography in Vol 2, Appendix III-G . 

x'.0 . 10 Miscellaneous Omissions in the EIS. 

It was suggested that the EIS should be augmented to include infonnation on the following: 

(a) Radioacti ve exposure of employees [such· infonnatiorr appears in the agency ' s response 
of February 26 , 1975]; 

(b) The possible future use, if any, of the highly toxic actinides, e .g., neptunium, na# 
stored at Hanford; 

(c) The amount of seismic stress as well as seismic activity at the Hanford n!Servation 
[the agency ' s response of February 26, 1975 indicates that seismic stress has. been monitored by 
the agency and presumably such infonnation can be incorporated in the EIS] ; 

(d) The role of contractors in creating, disposing of, or causing leaks of,. radioactive 
waste ; 
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X.O Coriments from the Report of the Presiding Board (Continued) 

(e) The identity of the .authors of the various sections of the EIS; and 

(f) A comparison with standards for storing corimercial waste, and any differences justi fied 
or explained. 

Response 

Text Changes Made - Vol 1, Section II.3.7, Section I!I.1 . 1.7, Section III.2 . 2.l and Section V.2. 4 

10. (a) The occupational exposures received by Hanford workers have been added to the text in 
Vol 1~ Section III.1.1.7. 

(b) The actinides, e .g., neptunium, are not waste materials but are product materials 
which are segregated and used for special product production. 

(c) Additional data on seismic stress have been added in Vol l, Section II . 3.7. 

(d) Actions taken by contractor management regarding radioactive waste materials are 
described in relationship to the 106-T tank leak in Vol 1, Section III.2.2 . 1. 

(e) The responsibility for this document rests entirely with ERDA . 

(f) Federal Regulations (10 CFR Part SO, Appendix F) require that a corimercial fuel 
reprocessing plant's inventory of high-level liquid waste be limited to that produced 
in the prior 5 years, and that these wastes be converted to a dry solid - chemically , 
thennally and radiolytically stable - and placed in a sealed container prior to 
transfer to a Federal repository, no later than 10 years following separation of 
fission products from the irradiated fuel. To achieve these goals, the liquid acid 
waste from the process will not be neutralized but will be converted to solids i n a 
calcination step. The solid product will be a mixture of stable oxides of fission 
products, actinides and other metals (iron, chromium, nickel, etc . , from process 
chemicals and corrosion products). Approximately 2 cubic feet of solidified waste are 
anticipated to be fonned from each metric ton of fuel processed . 

X.0.11 

Operation of chemical reprocessing facilities at Hanford was begun long before the 
technology was available to convert liquid waste to solids by calcination . Therefore, 
the liquid acid waste was neutralized with caustic (sodium hydroxide solutions) 
and stored in underground concrete tanks lined with carbon steel. As a consequence 
large volumes of waste have been accumulated at Hanford, with sludges containing 
insoluble hydroxides (or hydrated oxides), including fission product strontium, and 
supernatant liquids containing soluble salts, mostly sodium salts, but including 
fission product cesium. 

With the beginning of tank failures - first noted in the late 1950s - a program was 
initiated to develop procedures to convert the Hanford waste to less mobile form. 
Calcination was not considered practicable because of the large volumes involved, and 
because the product of calcination would be principally sodium oxide - a soluble 
compound - not much less mobile than other sodium salts. Therefore, evaporation of the 
liquid to salt cake for in-tank storage was chosen in the early 1960s . However, the 
presence of long-lived, high-yield fission products 90 sr and 137Cs (each with half-lives 
of about 30 years) meant that the salt cake would be heated to high temperatures from 
decay-l,eat. Accordingly, removal of cesium and strontium from the more concentrated 
waste was initiated to remove this potential . Refer to Vol 1, Section V.2.4 for 
additional discussions. 

Miscellaneous Criticisms of the EIS. 

The EIS was criticized en several miscellaneous grounds: 

(a) No consistent time period is established for the various events discussed; 

(b) The figures and data used give an unrealistic impression of accuracy; 

(c) Many statements in the EIS are conclusory [conclusive] and not adequately supported by 
factual data, e.g., the statement that the Hanford operations "have had no harmful effects on 
the migration or spawning of salmon" is unsupported, and even contradicted by factual infonnation 
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X.O Corrments from the Report of the Presiding Board (Continued) 

in the EIS [the agency's response of February 26, 1975 sets forth additional infonnation relating 
to thennal effects on the Salmonid population of the Columbia River]; 

(d) The various uncertainties regarding margins of safety should be discussed; 

(e) The estimates with respect to damage to health are not substantiated and in particular , 
reference is made to studies dating as far back as 1964 without giving any results of such 
studies; 

(f) The EIS is difficult to follow and important infonnation is buried obscurely in 
appendices or other portions of the EIS and not referenced in the more introductory or general 
parts of the EIS; 

(g) The EIS is confusing because of the lack of consecutive pagination and the manner of 
numbering tables and appendices; and 

(h) The EIS is confusing because of the failure to use consistent tenninology and standards 
of measurement, e.g., the amount of plutonium in soil is sometimes measured in grams and some
times in curies. 

Response 

Text Changes Made - Vol 1, Section II , Section III, Section V, Section IX and List of 
Abbreviations 

11 . (a) The various time frames established for differing events are included in both Section V 
under Ultimate Disposal and in Section IX under Cost/Benefits . The times to analyze , 
adopt, and implement various plans are predicated upon assuring at each step an adequate 
level of safety for the protection of the public and the Hanford workers . 

(b) Much of the data, particularly in Volume 2, on inventory quanti ties, have been revised 
to be more consistent with the degree of accuracy. 

(c) Based on corrments, attempts have been made to add additional relevant data to the EIS, 
particularly in Sections II, III, V & IX where such items as effects on salmon, 
occupational exposures, plutonium in soil, decontamination and decorrmissioning, etc. 
were added. 

(d) The accuracy of the data used has been indicated, where possible, throughout the 
revised statement. The Accident Section discusses consequences and probabilities of 
potential accidents over a full range of consequences. 

The generally conservative assumptions associated with the accident analysis are 
presented in the text. 

(e) The study referenced as dating back to 1964 is the ERDA Health Mortality Study, a 
long-tenn epidemiology study relying upon extensive morbidity and mortality statistics . 
Sufficient data upon which finn conclusions can be drawn are not yet available. Yearly 
progress reports referred to in the references have been and will continue to be pub
lished until the necessary data (particularly death data) become available. 

(f) The surrmaries of each section are collected and presented as Vol 1, Section I, as 
required by the Council of Environmental Quality. A table of abbreviations has been 
added, as suggested, in Volume 1. 

(g) The page numbering system was selected to correspond to the secti ons of the statement . 
Each section is numbered consecutively . 

(h) The document has been reviewed and efforts made to further standardize the use of 
units consistent with the anticipated preference of the reader. Generally, in this 
particular scientific area, the metric system is preferred yet degrees Celsius for 
temperatures is apt to confuse some readers. Simi l arly the use of grams in l i eu of 
curies is favored by some. Where simplification was possible, changes were made. 
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X.O Conments from the Report of the Presiding Board (Continued) 

X.0.12 Miscellaneous Factual Inconsistencies in the EIS. 

Se~eral factual inconsistencies within the EIS are commented upon by the Environmental 
Protection Agency, the Department of Interior, the National [Natural] Resources Defense Council 
and t~ a l~sser extent, wi~nesses ~t the Portland hearing. Perhaps the most significant is t he' 
relationship between the time of discharge of effluent into the 1301-N crib by the N-Reactor and 
the time of appearance of radioactive nuclides in the Columbia Ri ver . The statement that "essen
tially no wheat or pasture land is irrigated with Columbia River water downstream of the Hanford 
project" is also incorrect. In general, however, the panel has made no attempt to isolate, and 
evaluate the significance of, such inconsistencies. 

Response 

Text Changes Made - Vol l, Section II.l . 1.2. l 

12 . The data referred to were correct, however the presentation has been revised . 

For the cases mentioned, Section II . l. 1.2. l has been revised to clarify N Reactor effluent 
travel times. Since less than 3% of the downstream land is irrigated by Columbia River 
water, the statement is considered proper; however, it has been deleted to prevent any 
misinterpretations. The document has been reviewed and revised to correct any factual 
inconsistencies which were found. 

X.1 COMMENT LETTER , United States Department of Agriculture, Forest Service, P.O. Box 3623, 
Portland, OR 972b8 

A response was not required. 

X.2 COMMENT LETTER, Concerned Californians, 2912 Baywater Avenue, San Pedro, CA 90731 

A response was not required . 

X. 3 COMMENT LETTER, Jennifer Bromgren, Seattle , WA 

Comment 

I realize and appreciate the tremendous amount of time and effort gone into studying and working 
to prevent the adverse effects of radioactive waste. It is impressive to read of the measures 
taken to control this. My prevailing emotion, however, is one of uncertainty . The safeguards, 
no matter how elaborate and refined, hold little space for human error and the likelihood of 
natural disasters. It seems to be the most advance system technology that is feasible. Yet, the 
language in the EIS contains reports of waste levels measurably higher on nearby bodies of water, 
etc. It states that so far no alternative has been found to the storage of certain wastes in 
underground tanks. The question on my mind is "What if .. . ?" What if an earthquake or similar 
shock, unexpectedly severe, were to damage the facility? And if the reclaiming equipment was 
incapacitated? All sorts of nightmarish episodes, perhaps unjustified, perhaps not, come to the 
forefront of thought •. 

Response 

Examples of a full range of credible accidents are presented in Vol l, Section III.2. For the 
Hanford region an earthquake of Richter 6.8 magnitude is believed to be unexpectedly severe. 
The consequence of such an earthquake would be within the range of consequences analyzed in 
Section III.2.11.2.1. This document is not a statement on nuclear power in general. It is an 
assessment of a program involving wastes generated from plutonium production efforts. 

Conment 

As we shift into a new age when life and space, resources and energy are at a premium, I feel 
strongly that all irreversible moves be made with greatest caution. I know this is also your 
intention. But, as a citizen of a state that potentially plays a major role on the development 
of nuclear reactors, I oppose their construction if the means exist to either reduce energy 
demand (done well and with little sacrifice last winter during the power shortage) or to harness 
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X.3 COMMENT LETTER (Continued) 

a means of energy production that holds less risk to the environment. I request that more funds 
be allocated to the study of geothermal, wind, and solar energy sources, etc., and less to 
development and construction of nuclear reactors. 

Response 

ERDA budget request has included substantial increases for research in geothermal, wi nd, and 
solar energy sources as well as others . 

X.4 CO~ENT LmER, Steven C. Sholly , 1110 Rana Villa Avenue, Camp Hill , PA 17011 

Collll1ent 

There is a lack of discussion, even in general terms, about the security arrangements at Hanford 
which deal with preventing unauthorized entry to the Reservation and its various facilit i es . 

A general discussion of security arrangements at the Hanford Reservation is needed in the Fi na l 
Statement. General discussions of cooperating arrangements with local law enforcement agencies , 
collll1unicating systems, and alann systems and response times should be included. 

Response 

Text Changes Made - Vol 1, Section II I .2.1 

Collll1ent 

There is a lack of discussion in the Draft about the impact of an attack on the Reservation by a 
foreign military power. The potential impacts of resultant attacks with both conventiona l and 
nuclear weaponry should be i nvestigated and di scussed. The Department of Defense should cer
tainly be contacted and involved in such investigations . 

Response 

See reply to a similar question, X.0.8(b), in Report of the Presiding Board. 

Al t hough several vague references are made to it, there i s no explici t di scussion in the Draft of 
the impact of possible cessation of waste management operations at Hanford. Such a situation 
could come about as a result of a catastrophi c radiolog ical accident or as a result of pol i t i cal 
instability such as a civil upr i sing or overthrow of the government . While both of these 
possibil ities appear, on surface examination, to be rather remote , the consequences of such 
occurrences could be great and should, therefore, be discussed in the Final Statement. The 
seriousness of this situation is pointed out in the Draft Environmental Statement WASH-1539, 
where on page 2. 3-19 it is stated : 

"Because .of the long period of time -during which high-level waste must be confined, 
its storage in any man-made structures such as tanks or vaults, no matter how safe 
at present, requires a program of surveillance, with eventual repair or replacement, 
if the environment i s to continue to be protected." 

An estimation of the expected time lapse between cessation of waste management and the onset of 
unacceptable environmenta l consequences should be made . Also , the probabi li ty of rei nst i tu ting 
management practices after a protract ed period of no such efforts should be discussed. 

Response 

Text Changes Made - Vol 1, Section V.1 
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X.4 COMMENT LETTER (Continued) 

Conment 

There is a general lack of discussion about quality assurance programs and redundancy (defense
in-depth) features at the Reservation. Particular attention should be paid to quality assurance 
programs dealing with collection, processing, and evaluation of radiation monitor samples. The 
hearing of August 1973 about the Shippingport Atomic Power Station held by the special select 
conmittee appointed by Pennsylvania Governor Milton Shapp particularly emphasized this issue as 
being critical to the proper evaluation of health hazards associated with facilities handling 
radionuclides. Quality Assurance programs and redundancy features should be emphasized in the 
Final Statement. 

Response 

Test Changes Made - Vol 1, Section II.1.2 .1 

Conment 

There are numerous instances in the Draft Statement of materials being ci ted in the text as 
evidence for a certain statement made by the authors of the Draft. Generally, the bulk of these 
materials is not readily available to the reader of the Draft for reference, either due to 
limited distribution of such documents, or their high cost. When it is necessary to refer to 
such a document in the Final Statement, it would be helpful if a sunmary of the relevant infonna
tion from the document being cited would appear in the Final Statement. It would also be helpful 
if the reader would be told where and how he could obtain copies of the material cited in the 
text of the Final Statement. Citing material and incorporating them by reference only serves to 
confuse the issues, rather than clearly stating the situation in nontechnical language. 

Response 

In this statement the conclusions of the documents referenced are used but no attempt to sunma
rize or extract material from each document is made. To include all pertinent material from the 
references would unreasonably enlarge the size of this statement. Conclusive statements from the 
referenced material should be more helpful to the reader than great detail. Readers interested 
in the details can secure the cited references from the sources . stated in the Foreword . 

Conment 

The fonnat of the Final Statement should be revised from that of the Draft Statement. Consecu
tive numbering of pages (i.e., 1-2-3-4-5-6- etc.) should be used rather than the somewhat 
confusing method used in the Draft Statement . In addition, su111naries of each of the major 
sections of the Final Statement, appearing at the end of each section, would be helpful to the 
reader . A table of abbreviations used in the Final Statement would be helpful in order to avoid 
confusion. 

Response 

The numbering system was selected to correspond to the sections of the statement. Each section 
is numbered consecutively. The sunmaries of each section are collected and presented as Section 
as required by the Council of Environmental Quality. A table of abbreviations has been added, 
as suggested, in Volume 1. 

Conment 

The use of such unqualified tenns in the following should be avoided as much as possible in the 
Final Statement. 

"reasonable" 
"interim" 
"sma 11 amounts of radi oacti vi ty" 
"insignificant quantities" 
"did not impact hannfully to any great degree" 
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X.4 COMMENT LETTER (Continued) 

Response 

These tenns have only been used when it was not possible to quantify the data; efforts were made 
to avoid using them. The usual dictionary meanings are intended for the tenns. 

Corrment 

How were the figures (given on page 5 of Section I) arrived at? Calculations leading to these 
figures should appear as an appendix in the Final Statement . In addition, a list of similar 
figures for the last 15-20 years should be provided, if available, for detennination of any 
trends involved with population doses caused by operations at Hanford. Increases within a few 
percent of nonnal doses should be explained along with any decreases of similar magnitudes . 

Response 

Detailed calculations, assumptions and mathematical models are given in Vol 1, Section III and in 
Vol 2, Appendix III-A. 

Evaluation of radiation doses to persons in the Hanford environment have been made and reported 
in public documents since 1957. These evaluations were based on actual measurements of radio
nuclides in environmental media, supplemented by whole body counting of employees and residents 
including school children . In recent years the amounts of radioactive materials released from 
Hanford sources have been so low that environmental concentrations have in many cases decreased 
below analytical limits . Therefore , the dose evaluations presented are based on measured effluent 
releases and the mathematical models discussed in the Statement. The models used and parameter 
values used in the calculations are given in the Appendixes . 

Corrment 

What about (population dose values and health -effects) results for other years? Also, sub-letha l 
effects and synergistic interactions which apparently have been ignored, should be accounted fo r 
in the Final Statement. A tabulation of data for the last 15- 20 years should be i nc l uded . 

Response 

The evaluations of radiation doses to persons in the Hanford environment have been reported in 
public documents since 1957 . The possible sublethal effects are included in Section III of th is 
document in Table III. 1-15 entitled , "Maximum Number of Health Effects for 1972 Environmental 
Dose Levels ." At the very low dose levels encountered, no synergis tic interact ions are known . 
Data on the occupational exposures of Hanford workers were added to Vol 1, Section III.1.1.7. 

Corrment 

The analysis of the accidents described {on page 7 of Section I) should be carried out in detai l 
and fully described in an appendix in the Final Statement. All necessary parameters and as 
sumptions should be stated, and the reliability of the resultant data should be tested or at 
least estimated. 

Response 

The details of the accident analysis are presented in Vol 1, Section III.2. 

C011111ent 

Is the effluent stream (from the first nonboiling waste tanks) monitored for radioactivity? Wha t 
is the efficiency of filtering system for relevent radionuclides? 

Response 

The text questioned applies to an early practice no longer in use. Years ago, certain nonboil ing 
stored waste.•approached a temperature at which steam would be or was being released from the, 
tank. To prevent the release of steam, air condensers were installed on these tanks. The 
temperature of the waste in these tanks is now far below the boiling point and the capability for 
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X.4 C0"'4ENT LITTER (Continued) 

condensing vapors is no longer needed. Consequently, all of.the air-cooled reflux condensers 
have top surface plates bolted in place. Thus, the units are not functional at the present time 
and there is no potential for release of radionuclides to the atmosphere. 

The efficiency of the filter systems is presented in Section II.1.1.2.2. 7 entitled, "Ventilation 
Equipment." These efficiencies are applicable to any location where filters of these types are 
used. 

C01111Tent 

The {dry wells and laterals used to monitor waste tanks) should be described in more detail, with 
figures given for representative sampling frequencies . 

Response 

Text Changes Made - Vol l, Section II . 1. 1.2.2. 3 

C01111Tent 

The frequency of sampling and the procedures used for sampling and analysis of the samples of 
groundwater should be fully 'described in the Final Statement. 

Response 

Text Changes Made - Vol 1, Section II.1.1.2.2. 5 

Comment 

What constitutes an "appreciable quantity" (of plutonium discharged to ground)? This quantity 
should be numeri-cally described . 

Response 

Text Changes Made - Vol 1, Section II. l.1.2.2 . 5 

Comment 

When is (solid waste not covered with 10 to 20 feet of earth) this procedure not followed, and 
why? 

Response 

The exceptions are stated in ttie text, . Vol 1, Section II . l.l.2.2.6. 

Comment 

The efficiency of the filters used (for the 200-Area gaseous waste) should be listed, as should 
be the name, fonn, half-life, and number of curies of each radionuclide which might be released. 

Response 

The filter efficiencies are listed in Vol 1, Table II.1-5. Radionuclides are listed in Vol l, 
Section II.1.1.4 and Vol 2, Appendix II.1-8, C, and D. The radionuclides are listed as plutonium, 
uranium, and fission products (f.p.). A breakdown of radioactivity in gaseous effluents including 
each release point with typical and maximum releases of" alpha and beta emitters plus 131 1 is 
given in Vol 2, Table Il.1-C-26. Quantities of individual radionuclides released. are not measured. 
Rather, ther are grouped as either alpha or beta emitters. Alpha emitters (primarily plutonium 
and uranium) are measured as 239Pu. Beta emitters include cesium and strontium primarily and are 
measured as 9 0sr. Where 131 1 is present, s·pecial sampling procedures are used for analyzing and 
controlling its release. , 
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X.4 COt,t,1ENT LETTER (Continued) 

Conment 

When is it not practical (to filter exhaust gases from hood and cells near their source)? Wha t 
is done in circumstances where it is not? 

Response 

Text Changes Made - Vol l, Section II . l . l.2 .3.l 

Conment 

How often are the filters checked after installat ion? What i s their average l i fet ime? How long 
would it take to discover a filter failure? 

Response 

Text Changes Made - Vol l, Section II . l . l.2.3 . l 

Conment 

The l isting (of radioact i ve waste stored in tanks in t he 200 Area) should be proj ect ed through to 
the year 2000 A.O., rather t han just to 1980. 

Response 

Text Changes Made - Vol l, Section II.l .l.4.1.2 

Conment 

"After the aquifer area was divi ded into 1000-foot square cells , the amount of the contaminant in 
each cell was sumned." 

How many eel ls were there? 

Response 

Text Changes Made - Vol l, Section II . l.l .4.3 

Conment 

"Fire in a remote laboratory facility released about 4 g of plutonium." 

This inci dent should be described in detail i n the Final Statement. Was any plutonium f rom t he 
fire detected offsite? 

Response 

The accumulated impact of all past incidents, including the plutonium fire referred to in 
Section II.l .1.4.5 is reflected in current environmental measurements. Conclusions after eva lu
at ions of these and earlier results (Section III.1.1 . l and III . 1. 1. 2. 2) are that, except in the 
inmediate vicinity of operating facilities, plutonium concentrations in so i l are typica l of arid 
western regions and refl ect only regional fallout. The fire produced no detectabl e pluton i um 
offs ite . The fi re occurred in a hood where the exhaust was fil t ered in a bu i ldi ng designed to 
cope with such events. 

C011111ent 

The (100-year historical) record does not appear to me to be adequate for seismi c ri sk predi ctiorr , 
especially considering the state-of-the-art in earthquake predi ction . Perhaps a more conservative 
estimate of the maximum possible ground acceleration is in order . This possib i l i ty should be 
explored, and the advice of the U.S. Geologic Survey should be asked in this matter . 
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X.4 COMMENT LETTER (Continued) 

Response 

Text Changes Made - Vol 1, Section II.3.7 

The National Center for Earthquake Research of the USGS has participated in the establishment 
of the Design Basis Earthquake for facilities at Hanford . 

Comment 

How many tanks were involved with each type of failure? 

Response 

Each of the listed causes of leaks are credible mechanisms; some tank failures and subsequent 
leakages from each mechanism have been observed. 

In most cases the failure is probably due to combined effects of corrosion and mechanical fa i lure . 

Comment 

Why is (it believed that leaks as large as 106 Twill not happen again)? The new procedures and 
precautions taken since the leak of tank 106-T should be detailed. What might be the size of the 
leak under abnonnal plant operations conditions? 

Response 

Text Changes Made - Vol l, Section III.2.2. 1 

Comment 

"The shortest estimated groundwater travel time to the Columbia River from the 200 Areas under 
present water table conditions is 20 years." 

What estimated travels times are predicted for other water table conditions (i . e. , higher or 
lower water table levels)? 

Response 

The most accurate assessment of groundwater travel time from the 200 Areas to the Columbia River 
is based on measurement of trace quantities of radionuclides measured in the groundwater monitor
ing program. Predictive capabilities are being developed for estimating travel times at higher 
and lower water table levels . 

Comnent 

The seal failure accident should be fully analyzed. Would the same types of radionuclides be 
released as in the dome failure accident with which the seal failure accident is compared? Would 
there be any difference in degree of dispersion? Is there any difference in probability of 
occurrence between dome failures and seal failures? 

Response 

Radioactive releases from an underground tank seal failure are small and would be less than 
radioactive releases from a tornado striking an underground tank system or from an underground 
tank dome failure. The same types of radionuclide~ w;ould be released in each type of accident, 
dependent on the age (time since reactor discharge) of the stored waste. The degree of disper
sion should be comparable for the seal failure and the dome failure. Dispersion would be much 
greater in the tornado accident case. The probability of occurrence of a simple seal failure is 
higher than a dome failure. No .dome failures have been experienced to date. A seal failure on 
one of the underground tanks was experienced in 1964, resulting in a localized (minor) spread of 
radioactivity within the 200 East restricted access area. The seal failure accident was not 
analyzed because the forecasted release was less than that from a dome failure and because the 
actual experience with a seal failure accident confinns this forecast. 
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X.4 COMMENT LETTER (Continued) 

Corrment 

Accidents involving low-heat waste gaseous release systems should be fully analyzed to be certain 
that the consequences are, in fact, not as severe as with high-heat waste tanks. Numbers of 
tanks, probabilities of failures, and types of radionuclides involved should be considered in 
this analysis. 

Response 

Text Changes Made - Vol 1, Section III.2.3.2 

Conment 

"A life of 100 years and probably longer could be reasonably expected based on life of other 
reinforced concrete structures (bridges, dams, etc. ) . " · 

These other structures (bridges, dams, etc.) are not subject to radioactivity exposure as the 
waste storage tanks are. Could this fact have a bearing on the expected lifetime of the waste 
storage tanks? What could be the consequences of such a failure? 

Response 

Text Changes Made - Vol 1, Section III.2.4 

Conment 

Is the inventory (selected for a transfer line accident) representative of what would be encoun
tered? A variety of situations should be analyzed for consequences. 

Response 

Text Changes Made - Vol 1, Section III . 2.5 

Co11111ent 

The safety analysis reports referred to should at least be su11111arized. 

Response 

Text Changes Made - Vol 1, Section III . 2.6.l 

Corrment 

The statement (relating to conservative operation of railroad shipments) should be expanded and 
expressed in more detail. The U.S. Department of Transportation should be requested to evaluate 
the manner in which the train shipments are operated and also the state of repair of the tracks. 

Response 

Text Changes Made - Vol 1, Section III . 2.7.2 

Connent 

It is highly unlikely that the (earthquake probability) figures are correct considering the 
state-of-the-art in earthquake prediction. The means of deriving the listed probabilities should 
be described in detail, and an evaluation of these derivations should be perfonned by the U.S. 
Geologic Survey. 

Response 

See reply presented earlier to the question on earthquake prediction (Letter X.4~ 
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X.4 COMMENT LETTER (Continued) 

Co11111ent 

Detailed Seismic analyses of the B Plant reinforced concrete ventilation exhaust stack have not 
been made , but little or no damage in stacks of this type after the 1971 San Fernando earthquake 
was noted. 

It is quite possible that the experiences from the 1971 San Fernando earthquake have lit~le 
bearing on the situation at Hanford. Epicentral distances and differences in basement rock and 
soil depth should be evaluated to check the relevance of this experience to Hanford . 

Response 

Some experiences from the San Fernando earthquake of February 9, 1971 may not be significant at 
Hanford because of the potential differences in bedrock nature, soil types, and in fact to the 
characteristics of the quakes themselves. More detailed seismic investigations and analyses are 
being conducted by USGS, University of Washington and consultants . 

Comment 

The facilities (listed in the last paragraph on Page III . 2-60) should be analyzed for effects of 
the maximum credible earth acceleration. The results of these analyses should be included in 
the Final Statement. This is extremely important. 

Response 

The seismic resistance analysis is a continuing program at Hanford. However the listed fac1lities 
have not been analyzed. ITS land ITS 2 Evaporators are now shut down. 

X. 5 COMMENT LETTER, · Neal E. Wilson, 5 Brook Road, Enfield, CT 06082 

Corrment 

The final edition of WASH 1538 definitely should address the problem of acid rain (as noted in 
the July-August, 1974, issue of Chemistry and in the Scientific American article, "Nutrient 
Cycles of An Ecosystem.") There are other articles that could apply to the problem, written by 
rabid anti-nuclear groups, but the two articles mentioned above, which appear in more moderate 
publications, should definitely be addressed . 

Response 

The emissions of sulfur dioxide and nitrogen oxides are monitored and currently are below effluent 
standards for these materials. Steps will be taken as necessary to assure future emissions of 
these materials continue to be below effluent standards. Emissions will be kept as low as 
reasonably can be attained. The use of school class personnel for surveys such as the measurement 
of "acid rain" as mentioned in your reference article appears to be a useful and educational way 
to collect national data of this type. 

Conment 

On page III.2-17, serious weakening of the tank domes i s mentioned. How could this be detected? 

Response 

Text Changes Made - Vol 1, Section III . 2.4. 

Corrment 

The NRDC conments on page 116 with respect to the radioactive duck was not very well answered. 

Response 

The following extract from the annual Hanford environmental report for 1970* provides the best 
estimate of dose implication from the 100-K and N trench (hot ducks). Also see response to 
similar question in Letter X.10. 

*Environmental Surveillance at Hanford For CY-1970, BNWL-1669, Battelle, Pacific Northwest 
Laboratories, Richland, WA, 1973. 
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X.5 COMMENT LETTER (Continued) 
11 IR111ediate c~nsumption of 230 g (one-half pound--a nonnal meal) of duck flesh with 
the highest concentration, with consequent ingestion of about 30 uCi of 32p, would 
have resulted in a calculated skeletal-bone dose to an adult of about 6 rem, four 
times the applicable annual dose standard. The associated whole body dose, including 
a contribution from 65Zn, would have been about 250 mrem, or about 15% of the appli
cable annual dose standard. 

Even were such a bird to -be shot by a hunter, delays between the time a bird left a 
trench and time of shooting or as a result of the frequent practice of freezing 
gamebirds for later consumption would have permitted significant radioactive decay. 
This would further reduce the probability of consuming flesh containing the higher 
concentrations of 32P. For the bird with the maximum concentration that has been 
considered here, any delays in consumption of more than four weeks would have 
reduced the skeletal bone dose to less than 1500 mrem (the annual standard). 

The consumption of such a bird by any member of the public, however, is considered 
highly improbable in view of the facts that: (a) very fe'# birds (out of some 
200,000 in the area at that time) would have been likely to spend sufficient time on 
the trenches near the reactor areas to accumulate such large amounts of radioactive 
materials, and (b) concentrations of this magnitude have never been found in hundreds 
of birds sampled along the river for over 20 years. In our judgment, ducks collected 
on swamps, trenches , or ponds are not representative of those available to the 
general population , and dose estimates derived therefrom are not pertinent for 
inclusion in comparisons with the established dose standards . " 

Corrment 

One aspect that was not too well covered was the proposed methodology by which the unfortunate 
mismanagement of the 106-T tank leak can be averted in the future . 

Response 

Text Changes Made - Vol 1, Section III . 2. 2.1 

X.6 COMMENT LmER, H. W. Ibser , Physics Dept . , California State University., Sacramento, 
Sacramento, CA 95819 

CoR111ent 

"The objective of this program is to continue to maximize the isolation of the high-level waste 
from man ' s environment." I thought everyone agreed that some serious mistakes have been made at 
Hanford ; such a corrment jeopardizes the credibility of the Statement. (Emphasis added.) 

Response 

The waste management objective remains the same irrespective of tank leaks or other incidents . 
Although these leaks are undesirable, they have not and are not expected to result in radiation 
exposure to the public. 

CoR111ent 

Comni tment to 1 ong term ( thousands ·of years) contra 1 is a process unfami 1 i ar to most persons -
details of the process of such coR111itment should be described. Also, the validity of the 
statement that the area coR111itted for such control does not constitute a significant adverse 
effect to the Hanford ecological coR111unity cannot be evaluated without some indication as to how 
one judges what amounts to the elimination of a ~art of Earth. The surveillance required raises 
other interesting points. What is involved in providing for surveillance in CY 2974 , for 
instance? What will a square mile of irrigable land be worth for the period between now and 
then? 

Response 

Text Changes Made - Vol 1, Section V.2.5 

Note however that this EIS is not a statement on ultimate disposal. 
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X.6 COMMENT LmER (Continued) 

Conment 

Possible devitrification of glassy fonnations for radwaste solidification should be discussed. 

Response 

Text Changes Made - Vol 1, Section V.2.4.3 

Conment 

(IX-1 and elsewhere) Current .total radiation dose to the "general public" is estimated to be 
2.4 man-rem/yr. No rationale for excluding site employees and others is offered. I would 
suggest that total human exposure should be indicated. Not only are Hanford workers presumably 
human, but their genes will have plenty of time to blend with those of the "general public" 
before the Hanford episode is over. 

Response 

Text Changes Made - Vol 1, Section III . 1.1 . 7 

Cooment 

The tank dome failure rate estimate implies that the domes will continue to be reliable as now 
after - how long? 200 years? Nothing conservative about this estimate. 

Response 

Text Changes Made - Vol 1, Section III .2.4 

Conment 

Calcu·lation of gross radiation dose as d9ne here is probably not an adequate consideration of 
the hazard from dispersal of particulate transuranic elements. 

Response 

Text Changes Made - Vol 1, Section III .2.4.2 

Conment 

It is curious that this category (line leakage) where a few accidents have already occurred the 
reiterated policy of conservatism in calculating the possibilities of future occurrences seems 
to have disappeared. 

Response 

The accident analysis was for a 100,000 gallon leak whereas leaks of only a few tens of thousands 
of gallons have been actually experienced. Also, more double encased lines are now being used 
in the liquid transfer systems. No credit was assumed for this improvement. A relatively high 
wind was assumed to provide pick up and transfer from the wetted surface. 

Conment 

"Observable radiological effects?" Presumably "effects identifiable as being of radiological 
origin" is closer to the mark. Running through the whole statement, it seems, is a theme that 
exposure to radiation. below guideline levels is "safe" or insignificant. Nothing in the history 
of the adoption and modification of radiation exposure standards leads to such a conclusion. It 
is apparently pennissible to kill a few unknown people at unknown times and places. 

Response 

Text Changes Made - Vol 1, Section III.1.1.6 and Section III.1.1.8 
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X.6 COMMENT LETTER (Continued) 

Conment 

Postulation of slow enough seepage to pennit complete sorption of 90Sr and 137Cs seems to be 
other than the "conservative" approach claimed for the Statement. 

Response 

The seepage rate used is not an unfounded postulation but is based on observed fact. The liqu id 
from leaks that have occurred have in fact moved "slowly" and the liquid did not reach the water 
table. In the use of cribs and trenches with continual liquid input and downward percolation, 
the 90sr and 137Cs ~id, in fact, sort>_ from the liquid at the seepage rates used. 

Conment 

A possible conclusion: we are being incautious about the radiation hazards of jet aircraft 
flight. What were the authors conclusions, which are not stated? I hope not that a possible 
exposure to hazard voluntarily warrants exposing people to a ·hazard they have no control over ; 
yet this seems to be implied. 

Response 

The statements of comparison were only made to help the nonexpert reader to relate radiation 
doses received from various activities to those received from the Hanford Waste Management 
Operations. The individual may evaluate and judge the significance of each mode of exposure . 

Cornnent 

Why call postulation (of) a hazard "unrealistic" because other greater and fluctuating hazards 
exist? It would be more candid to simply state that the authors consider the hazard insignifi 
cant . 

Response 

The staff does consider the hazard insignificant; therefore, to postulate any env i ronmenta l 
effect deriving from the low dose resulting from Hanford operations would be unrealistic . 

Cornnent 

Perpetual surveillance? How can one propose it - recognize its need, that is - without an 
attempt to set forth the budgetary, etc., implications? 

Response 

Text Changes Made - Vol 1, Section V.2.5 

Cornnent 

It is disturbing that the radioactive river bank seepage is apparently to be allowed to continue . 

Response 

While this is the source of radionuclides to the river, it leads to only about 1 man-rem of 
exposure to the population. Considerable steps have been taken in the last several years to 
reduce the quantities of radionuclides released by river bank seepage. See Section V.3.1 for a 
more complete discussion of this subject. 

Cornnent 

The implication that some questionable radwaste storage tanks are continued in service i s 
disturbing. How can we propose perpetual care while we can ' t now quickly set matters right at 
Hanford? 
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X.6 COMMENT LETTER (Continued) 

Response 

Current operating policy at Hanford requires that tanks of questionable integrity be pumped out 
and removed from further service . Also, improved leak detection equipment has been added to 
most tanks . More leaks are expected to occur before new tanks and/or waste solidification is 
completed. But there is no evidence that past or future leaks have or will result in radiation 
dose to man. 

CorTment 

"In the selection of assumptions ... a consistent attempt was made to be conservative in the 
analysis, that is -- to analyze the worst conditions credible . " 

It would be better if this were self-evident, as is far from the case . Obvious, simple, 
possibilities have been entirely ignored, e . g. , failure to maintain the site as a result of 
actions of hostile military forces . 

Response 

Text Changes Made - Vol l, Section III . 2.1 

Also see response to X. 0.8 . 

X.7 COMMENT LETTER, Lynn Daly, Secretary, Eugene Future Power CorTmittee, Eugene, OR 

CorTment 

We feel that inadequate attention was given to obtaining public input on this statement . 
Richland is expensive to get to, out of the way, and too far for many people who are concerned 
and qualified to make corTments about the document. 

Response 

The corTment period was extended to nearly 4 months and hearings were held in both Richland and 
Portland as a result of public request . 

CorTment 

No detailed plan is given for the permanent disposal of high-level radioactive wastes. This is 
essential and the document is unacceptable without it. 

Response 

This document is not an impact statement on ultimate disposal of Hanford waste. It is a statement 
on the current Waste Management Operations. An impact statement on the ultimate disposal of 
Hanford waste will be required prior to decision making on ultimate disposal concepts. An 
expanded description of the research and development in progress on ultimate disposal has been 
added as Section V. 2. 5. 

CorTment 

The cost-benefit analysis is not detailed enough and does not include long-tenn pennanent 
storage. More thorough attention must be given to this matter before this important policy 
question can be resolved. 

Response 

The cost-benefit analysis section discusses cost and benefits of current program options. It 
has been expanded. Ultimate disposal options and cost-benefit and analysis relating to such 
options will be the subject of a future statement. 
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X.7 COMMENT LETTER (Continued) 

Col'IITlent 

We continue to oppose disposal to the soil of significant amounts of liquid radioactive was t e . 
This practice is not justified by data given and available. 

Response 

This practice is being curtailed as soon as economically and technically practical. The da t a 
given show the degree of transport and retention of the radioactive materials in the soil . The 
bulk of all radioactive waste does not result in exposure to man. The exposure that does res ult 
is low compared to other comnonly encountered exposures and far below established guidel i nes . 
Also see alternatives presented in Section V. 

X.8 COMMENT LETTER, R. G. Wolfe, Professor, University of Oregon, Eugene , OR 

Col'IITlent 

The statement is deficient in that it considers waste disposal on a relatively short time rather 
than on a pennanent basis. The true cost of long tenn isolation from the environment is a 
relevant and importan t , in fact indispensable, aspect of environmental impact considerations . 
The environmental statement has little meaning wi thout it. 

Response 

This document is not an impact statement on ult imate disposal of Hanford waste. It is a state
ment on the current Waste -Management Operations . An impact statement on the ultimate disposa l 
of Hanford waste will be required prior to decis ion making ·on ultimate disposal concepts . An 
expanded description of the research and development in progress on ultimate disposal has been 
added as Section V.2.5. 

Comnent 

The cost-benefit should be extended to long tenn aspects . 

Response 

The cost-benefi t analysis secti on discusses cost of current program opti ons . Ultimate disposal 
options and cost-benefit analysis will be the subject of a future statement . 

Conment 

The substandard containment vessel on the N reactor should be discussed in suffi cient det ail to 
be infonnative in tenns of increased risk related to continued operation. 

Response 

The EIS includes radioactive discharges in l iquid and gaseous waste streams due to routi ne 
operati ons and operational fuel cl adding failures; however , the N Reactor Nuclear Safety and any 
attendant radioactivity releases due to potential reactor acc idents are cons i dered to be outs ide 
the scope of the EIS. However , safety features including confinement system provide a prot ect ion 
equivalent to a containment vessel. 

C011111ent 

No discussion of analysis of management practice is given. The statement (DE IS page II .C-69) tha t, 
" . •. management practice analys i s is a continuous ongoing respons i bility . •• " does not make t his 
topic beyond the scope of t his statement . The t rack record of accidenta l release of radioacti ve 
wastes at Hanford has placed management practi ces in question. As this sort of event rel ates to 
environmental consequences, the management practice and policy are importantly related to 
environmental impact whether or not such practices are subject to continuous analysis with in the 
AEC. This very relevant topic should not be swept under the rug with off-hand and arbitrary 
judgements. -
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X.8 COl'+lENT LETTER (Continued) 

Response 

Text Changes Made - Vol 1, Section III.2 .2. l 

The management actions taken as a result of 106-T leak were added and presented in Vol 1, 
Section ·III.2 . 2.1 . ERDA continually reviews management practices of all contractors and requires 
upgrading when deficiencies are discovered. 

Comnent 

The report makes no mention of independent analysis of the data. In complex technical matters 
such as these, subjective interpretations are not uncomnon. The draft report lacks sufficient 
detailed data for independent or adversary analysis . Matters as important as those discussed in 
this manuscript should not be limited in evaluation and analysis to one or a group of individuals 
under pressure to obtain, after the fact, arguments defending previous practices or policies . 
It is not realistic to expect possible "subjective internal bias" to be adequately challenged 
and analyzed gratis by qualified experts as a spare time effort. Independent analysis by 
qualified experts, encouraged to make and defend constructive criticism, is a realistic and 
preferable alternative to the apparent expectation that co11111ents on EIS documents will accomplish 
this end adequately. The presence or absence of independent analysis has significant bearing on 
the quality of any EIS. Such independent criticism should be obtained and circulated for public 
co11111ent along with the draft EIS. Your response to this criticism could also be included, and 
without such independent review, the EIS has little value. 

Response 

The NEPA charges each government agency with making an environmental assessment of any major 
action it plans to undertake. The draft EIS was circulated in accordance with the requirement 
of the Council on Environmental Quality guidelines and the regulations of the AEC . It appears a 
good cross-section of independent criticism has been received on the draft statement. Such 
criticism has been made a part of this final statement. 

Corrment 

There is a significant inconsistency in that it is stated that 90sr does not reach the water 
table (DEIS page II.1-90). However, as shown in Figure II.l-C-35, this isotope is indicated at 
10- 3 µCat the water table (depth of 60 meters) . 

Response 

. The statement says "Cesium and strontium are tightly held by the soil, most being held within a 
few tens of feet below a typical crib . " Strontium-90 and 117Cs have reached the water table as 
shown in Table II.1-7. 

Comnent 

Our co11'111ent (DEIS page II.l-C-67) regarding the possibility of migration of radioactivity to the 
surface has apparently been ignored completely. From the statement (II.3.8.2.2), " ... the 
evaporation potential during the sU11111er months greatly exceeds total precipitation ••• " it follows 
that there must be net flow of water to the surface at some finite rate by ion exchange migration. 
Since " ••• precipitation does not penetrate more than about 15 or 20 feet below the land surface .. . " 
(DEIS page II.3-0-50), there must be net migration from greater depths. Since the highest 
radioactivity levels occur near the surface at the points of release into the ground, it is 
conceivable, with relatively reasonable assumptions, that dangerous levels of radioactivity 
might migrate to the surface. There is no e\•idence found by this writer th-tt this matter has 
been considered, studied or othenotise appreciated in any of the available documents. One 
wonders what the purpose of befol"e-draft comnents is if they can be ignored. 

Response 

Text Changes Made - Vol 1, Section II.3.14.1 
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X.8 COMMENT LETTER (Continued) 

Co11111ent 

Since it is not possible to make quantitative accounting for released radioactivity, it is quite 
possible that high flow rate channeling to the Columbia River may occur or that such channeling 
will develop with continuing groundwater run-off. The presence of channeling is cited in at 
least one section of the statement [not related to radioisotope (tritiwn) distribution]. If 
studies designed to identify channeling in relation to radioisotope distribution have been made, 
it is not readily apparent in the draft statement. Statements to the effect that radioisotopes 
are safely contained lack credibility without appropriate measurements that exclude the above 
possibility. 

Response 

Groundwater flow rates on the Reservation are less than that required to move fine-grained 
sediment underlying the disposal areas. The channeling referred to in the impact statement is 
related to ancient river channel subsequently filled with glacial flood deposits. The identifi 
cation of these berme channels is under investigation. Groundwater flow velocities in these 
channels are reasonably slow. 

C011111ent 

Insufficient data was given in DEIS Figure II.l-C-35 to support the stated downward migration 
rate of 1.5 meters per year. 

Response 

The important fact shown in DEIS Figure II.l-C-35 (now Figure II.1-C-36) is that the downward 
movement of moisture decreased significantly with the passage of time. 

Corm,ent 

No mention is made of the possibility that nuclear power reactor fuel reprocessing might be 
necessary at Hanford because of the failure to complete the General Electric reprocessing plant 
due to design errors. It would seem that continuing fuel reprocessing at Hanford might influence 
very significantly the environmental impact statements made. 

Response 

Co11111ercial fuel reprocessing is outside the scope of this statement . Conversion of Purex Plant 
to process conmercial fuel does not now seem a likely course of action for the Hanford Purex 
Plant due to the cost of conversion and some processing complexities. Such a course would be a 
major Federal action requiring an impact statement of its own. 

Conrnent 

The page numbering and indexing of the draft statement is confusing and cumbersome. Similar 
numbering in the statement and Appendi~ should be avoided in the final draft. 

Response 

The numbering system was selected to correspond to the sections of the statement. Each section 
is numbered consecutively. The simnaries of each section are collected and presented as 
Section I as required by the Council of Environmental Quality. 

Comnent 

The statement in general is less quantitative than desirable. especially for the purpose of 
critical analysis. 

Response 

Quantitative data were presented whenever available and used in the analysis to the extent 
possible. 
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X.8 COMMENT LmER (Continued) 

Corrment 

Value judgement words such as "appreciable" and "practical" are obfuscating and should be 
avoided where possible or substituted for by more quantitatively precise expression . 

Response 

These tenns were used when it was not possible to quantify the data; efforts were made ·to avoid 
using them. The usual dictionary meanings are intended for the tenns . 

COlllllent 

Once-a-century or 1000-years flooding should be considered exclusive of the behavior of the 
Columbia River. Considering the 24,000 year half-life of 239Pu this ,snot an unreasonable 
cons1derat1on . Also, it should be recognized that such flooding or flash flood effects would 
not be moderated by the dam control features on the Columbia River. 

Res pons~ 

Text changes made in Section III.2.11.3 include additional data on floods . 

Corrment 

The matter of guaranteeing the long term (hundreds of years) responsibility for maintaining 
isolation of wastes from the environment is a matter of considerable concern, particularly in 
relationship to the stability of human political institutions. This topic has apparently not 
been mentioned. It should be considered forthrightly. 

Response 

This document is not an impact statement on ultimate disposal of Hanford waste. It is a state
ment on the current Waste Management Operations .• An impact statement on the ultimate disposal 
of Hanford waste will be required prior to decision making on ultimate disposal concepts . An 
expanded descripti-on of the research and deve 1 opment in progress on ultimate di sposa 1 has been 
added a-s Section V.2.5. 

X. 9 COMMENT LETTER, United States Department of Agriculture, Agricultural Research Service 
Washington , DC 20250 

A response was not required. 

X. lU COMMENT LmER, Protect the Peninsula's Future, Eloise W. Kailin, M.D. , Rte . 1, Box 253 
Sequim, WA 98382 

Corrment 

Missing (from the statement is an) adequate discussion of the alternative of stopping the genera
tion of further radioactive waste (replacement of nuclear fission technology with development of 
a solar energy farm at Hanford). 

Response 

This statement does not address the nuclear power industry's generation of electrical power . 
However, the ERDA budget for nonnuclear power source research has been very substantially 
increased. 

Corrment 

What is the possibility that Hanford will become the d1111ping ground for wastes from all over the 
U.S. and foreign reactors as well1 What will happen to reactor vessels, including the one at 
Hanford at the -end of their useful life? 
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X.10 COMMENT LETTER (Continued) 

Response 

Hanford is one of the sites being considered for storage of colTITiercially generated waste. This 
storage action, should it actually be proposed for .the Hanford site, will be covered by a separa te 
environmental statement prior to making such a decision. DecolTITiissioning of the site and final 
disposal of old reactors are under study (Vol 1, Section II . 1.1.2.5). 

COlll!lent 

Health effects are given in computer model terms with a few scraps of observation data . 

Response 

The maxiDllJII health effects are calculated from data in the BEIR report by the methods advocated 
by EPA and are presented in Vol 1, Table III.1-15. (The BEIR report has been adopted by EPA as 
the definitive study and sunmary of health effects based on the available human data. This 
statement did not attempt to derive dose health effect relationships but accepted those stated 
in the BEIR report) . All data and methodology (for calculating the maximum health effect due to 
Hanford operations from the 8ElR report) are given in the text and the appendixes. (The actua l 
health effects are stated in Vol 1, Table III. 1-15) . 

Comment 

"At the very least minimum, maximum and standard deviation values should be supplied for radio
active materials found in autopsy material from persons residing at different places--the 
original reports should be appended especially in view of the tight time available for coITrnent ." 

Response 

Text Changes Made - Vol 1, Section III. l.1 . 2. 2 

Conment 

"Why are there no reports on 90sr in bone or teeth of humans or animals in the Hanford area?" 

Response 

Text Changes Made - Vol 1, Section IIl . 1.1.2.2 

ColTITient 

"Why no vital statistics on infant mortality, on cancer, on thyroid nodules, on 1 31 ! in human or 
bovine thyroids?" 

Response 

Text Changes Made - Vol 1, Section III.T.1.2.2 

Conment 

"Background radiation data does not appear to take into consideration the reduced fallout 
characteristic of arid areas . " 

Response 

The "background radiation" data presented are measured in the Hanford environs. The values 
reported take all such effects into consideration. 
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X.1 0 COMMENT LETTER (Continued) 

ColTITlent 

"Animal data reported do not consist of study of a reasonable target organ for 90sr in several 
of the tables (why muscle only and not bone?) . Plutonium values also are reported for muscle 
rather th!ln lung or bone . " 

Response 

The data tabulated show what might be found in edible parts of animals related to exposure 
pathways of man; as a consequence, lung and bone were not reported. 

Comnent 

Criticality accidents from plutonium accumulations are excluded from consideration on the basis 
that the keff rating would not exceed 0.5. But according to news articles the keff actual ly 
reached 0.97 or 0.98--almost at the explosive level . Were these reports in error? They were 
taken seriously at the time . 

Response 

The reports of keff of up to 0.98 were indeed taken seriously, particularly an apparent increase 
in the keff as a function of time over a period of approximately 10 years. In fact , these 
measurements were the basis for placing a cadmium nitrate solution, a neutron absorber (poison) , 
in the plutonium-rich area of the Z-9 trench. 

Additional studies* of the Z-9 system included plutonium distribution studies using various 
investigational methods, and analysis of data by the Savannah River Laboratory and the Los Alamos 
Scientific Laboratory which identified a possible equipment deficiency. Replacement of the 
256 channel analyzer with a 4096 channel analyzer provided data for a more definitive analysis . 
The keff was established to be less than 0.8--probably less than 0. 5 before, and less than 0. 3 
after, the neutron absorber was placed in the system. 

Incidentally, a keff of 1.0 would not cause an explosion. Rather, a chain reactio·n of short 
duration releasing neutrons and gairma radiation with the probable release of some volatile 
fission products (mostly short-lived) would have been the expected result , consistent with 
criticality accidents that have been observed in other systems. 

Conment 

Please discuss costs in terms of waste generated per MW electricity generated, and how costs and 
storage requirements will be affected by MOX fuel and by servicing the Breeder reactor . 

Response 

The use of nuclear power for the generation of electricity and its associated waste problems are 
beyond the scope of this statement. 

See WASH-1535 Dec 1974, Proposed Final Environmental Impact Statement for LMFBR for additional 
infonnation. 

C011111ent 

We are told that 18 tanks are leakers and another 14 are suspect on the basis of excessive corro
sion or pitting and "unexplained anomalies in leak detection measurement which might indicate 
leakage but which could not be confinned as such". Current operating policy requires these to be 
emptied as fast as spare tank space is made available by the solidification program. How fast is 
this? How long before all 14 tanks can be emptied? 

Response 

Liquid waste has been removed from all confinned or suspect leakers to the extent practical to 
eliminate the potential of further leakage of liquids from these tanks to the soils . The 14 

*A. E. Smith, Nuclear Reactivity Evaluations of 216-Z-9 Enclosed Trench, ARH-2915, Dec 1973. 
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suspect tanks have been already removed from active status for liquid storage. In those few 
cases where liquid remains, the liquid level has been pumped to below the level where the tank 
failed. Surveillance is maintained on those tanks to assure that leakage is not occurring. 

Solids in the form of sludges remain in these tanks. These solids do not represent a threat to 
the environment and will be left in the tanks until technology is developed for ultimate disposa l. 

Corrment 

Underground storage of wastes will be protected from uptake by plants by a plastic sheet over 
them and under the earth. How many years of protection will this afford relative to the time 
radioactivity is retained? 

Response 

Life of such plastic materials used in these applications cannot be predicted with accuracy but 
is believed to be decades . Reliance on the plastic material must be considered to be an 
interim protection, along with the use of herbicides and the stabilization of vulnerable surfaces 
with gravel . 

Corrment 

Where is the quantitative data or estimation of the amount of radioactivity transferred offsite 
by migratory birds, insects, air emissions (total), and water releases deliberate and accidenta l , 
total? How can you say p. III.1-37 there is evidence of no significant amounts of radioactivity 
escaping the Hanford site boundary? 

Table 1! . 3-28 shows that Benton City and Western Richland Composite foods in 1972 have at least 
doubled the 131 ! in milk and 3 times as much 90sr in local produce as compared with further 
sources. What has been the accumulative burden of the local population over the last 30 years ? 

Response 

The environmental data and dose calculations are shown in Vol 1, Sections II.3 . 13, III.1.1 and 
III.1 . 2. The ongoing environmental program measures the l evels of radioactive materials from all 
causes found offsite and does identify the principal offsite transfer mechanisms . These programs 
should detect any escaping radionuclides. 

In evaluating the 131 ! concentrations in milk samples shown in Table II.3-28, the defin ition of 
analyti cal limit must be emphasized, since the data are all near or below this limit . The 
analytical l imit is defi ned as the minimum concentration observable, olus or minus 100%, with a 
confidence level of 95i. In Table II . 3-28, the minimum observable 131 ! concentration is approx i 
mately 0. 002: 0.002 pCi/1111 or a range from 0.0 to 0.004 pCi/mi. The random fluctuations of 
radiation counting equipment are such that a small percentage of samples will show slightly posi 
tive results even when no activity is present. The average 131 ! concentration for the 
Benton City-West Richland composite as reported was 0.001 pCi/1, or less than the analytical 
limit for a single sample . Valid or not, the indicated value is much less than that calcul ated 
from release data from Hanford Operations used for the dose cal cul ations in Section III . 1. 

The 90sr in fann produce is actually from one sample from a Riverview farm (not Benton City-
West Richland) . Other data from the Riverview area (air, soil. vegetation) do not indicate 
statistically significant differences from other regional concentrations, and any 90 sr concen
trations in foodstuffs are attributed to weapons test fallout . The single value of 0.03 pCi/g 
for 90sr in farm produce is not adequate to draw conclusions of environmental significance. 
However, if a dose calculation were made using this concentration and the calculation methods 
used for Section III . 1, a bone dose increment of 0.3 mrem for the past year dose would be 
calculated for a small fraction of the IJ()pula·tion. ,, 

Since 131 I has an 8-day radioactive half-life, no long- term accumulation occurs in the environ
ment . Any accumulation of 90Sr would add to and be accounted for in the results of environmental 
samples. 

Comparison of radionuclide concentrations in the edible portions of waterfowl with concentrations 
for liquids derived from the basic FRC Radiation Protection Guides is invalid. The FRC Guides 
were derived with assumption of continuous daily quantities which are not val id for waterfowl or 
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other fish and game. A more valid comparison can be obtained with methods used by the FRC to 
detennine the Protective Action Guides given in FRC Report No. 7. For a 70-kg adult, a 
calculated whole body dose of 60 mrad would result from a single intake of 1 µCi of 1 37 Cs . On 
this basis, consumption of one meal (one half-pound) of meat from a duck with the average 
concentration of 2. 7 x 10-S µCi/g (the 1972 average for U and Gable Ponds) would result in the 
intake of about 6 nCi 137Cs, with a resultant whole body dose of less than 0.4 mrem. Further
more, the season is limited for hunting waterfowl, miles of distance separates the ponds from 
public hunting areas, a huge dilution is afforded by the migrant waterfowl population in hunting 
areas during the hunting season, and especially no such concentration has ever been detected in 
the hundreds of waterfowl sampled from river locations in past years. In view of the above, to 
collect and consume a gamebird with a concentration as high as that used in this calculation 
would be a most unusual event . Such an evaluation should be based on FRC No. 7, which would 
require no action for the calculated dose. 

Nonetheless, remedial action such as removal of vegetative cover and diking, removal and back
filling of contaminated so i l has been taken in the past to reduce still further the probability 
of the concentration and dose potential discussed above. 

Comment 

A maximum flood was considered, but apparently no consideration was given to failure of an 
upstream dam. The latter i s considered for reactor siting--why not for waste storage security? 

Response 

Major dam failures on the Columbia River are classified by the U.S . Corps of Engineers as 
incredible events and consequently were not analyzed . 

X. 11 COMMENT LmER, W. P. Metz, 1303 Kimball, Richland, WA 99352 

Comment 

The statement discusses a number of now unused facilities which exist on the Hanford Reservation . 
There are no apparent plans to re-use those facilities, and the facilities are apparently con
taminated with fission products and/or transuranics. It appears that a much higher emphasis 
should be placed on decontaminating and/or decommissioning those facilities. 

Response 

Text Changes Made - Vol l, Section II.l.l . 2.5 

Comment 

The statement discusses the high level waste management practices at Hanford for liquid storage 
and in tank solidification for high level wastes. In light of today's · technology, as indicated 
to on Wash-1539 (draft EIS for the RSSF), this Hanford method of controlling radioactive wastes 
is not acceptable for wastes which will be produced in the future. Consequently, I feel that any 
future atomic processing efforts should, at a minimum, meet commercial atomic plant safety and 
environmental standards. That is, production (plutonium) reactors, thennal reactors, reprocessing 
plants, waste .management programs should be subject to the private industrial controls and quality 
control. I am not advocating that those standards be applied to existing Hanford wastes, per 
say; I am advocating that no more wastes produced in the future be treated under this waste 
management program. I further feel that the existing wastes stored at Hanford should be sub-

. ~cted to a study and we become conmitted to rendering those wastes to a long tenn, vice short 
tenn, storage mode which is more environmentally acceptable. 

Response 

This document is not an impact statement on ultimate disposal of Hanford waste. It is a state
ment on the current Waste Management Operations. An impact statement on the ultimate disposal r 
Hanford waste will be required prior to decision making on ultimate disposal concepts. An expan~-J 
description of the research and development in progress on ultimate disposal and alternatives on 
stopping solidification have been added as Section V.2.5. 
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X. llA COMMENT LETTER, W. P. Metz, 1303 Kimball, Richland, WA 99352 

Conment 

DEIS Page iv: 

Under "Current Program," the word "million" to read "approximately 47 million gallons ... " 

Response 

Correction made. 

Comment 

DEIS Page v: 

Second line, ·word "requires" is not necessarily appropriate. Those fuels could be stored indefi 
nitely (as is done in Canada) or processed elsewhere. 

Response 

Reprocessing required to recover plutonium for ERDA commitments . See Vol 1, Section V.2.3.2. 1 
and Section V. 2. 3.2. 2 for discussions of alternatives of shipping or storing fuel . 

Comment 

DEIS Page v: 

Fourth line, N Reactor operation, production plans, foot note (a): For all practical purposes , 
N Reactor is now quasi-commercial generating facility (in spite of the legal niceties), thus 
N Reactor wastes are conmercial grade wastes and should be treated as such. 

Response 

Since N Reactor is in fact operated for plutonium production, the N Reactor fuels receive less 
than 10% of the reactor exposure .as commercial fuels. The N Reactor fuel is substantially dif
ferent in burnup than power reactor fuel. N Reactor waste is separated from man ' s environment 
as described in this statement . 

Comment 

DEIS Page v: 

Line 7: Should that date be 1979? 

Response 

No 

Comment 

DEIS Page v: 

Lines 17 & 18: The hig~ caustic recycle could be further evaporated at 242-S, but would not 
produce an acceptable salt cake. Suggested wording : " .• . remain which cannot be converted to an 
acceptable salt cake by further evaporation . " 

Response 

Editorial - no basic change in concept. 
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Corrment 

DEIS Page v: 

Line 21 : Add "or stored in double-shell tanks as a concentrated li quid ." 

Response 

Editorial - Foreword rewritten 

Corrment 

DEIS Page vii : 

Second paragraph : This paragraph implies that transuranic solids are all stored in a 20-year 
retrievable posture . That practice has only been in force for the past 3 or 4 years (see DEIS 
page I-2). 

Response 

The treatment of transuranic solids prior to adoption of the 20 year retrieval program is dis 
cussed in several places throughout the statement (Vol 1, Section II.1 .1.2.2.6 and V.5 .1). The 
trenches in wh i ch the transuranic solids were placed are now being studied to formulate actual 
trench inventories and recovery methods. 

Cormient 

DEIS Page vii : 

Under "Gaseous Effluents" : Nonradioactive gaseous effluents have been omitted from this surrmary . 
There are sources of chemical gaseous effluents, i.e . • the NOx from AR Vault . 

Response 

Omission made for brevity in the Foreword. Data are in Vol 1, Tables II .1-8, -9 and -1 0. 

Corrment 

DEIS Page I-1: 

Last three lines should be: 
" Four new double-wall •. . 

Three additional double-wall .• . 

Response 

Incorrect . See Vol 2, Appendix II . 1-C 

Corrment 

DEIS Page I-2: 

First three lines: Two of the evaporators are in use now (242-T and 242-S); ITS 1 and ITS 2 are 
no longer operating. 

Response 

The above is a valid conment. However. ITS 1 and ITS 2 were operating at the DEIS report cut
off date of 12/31/72. 
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Conment 

DEIS Page I-3: 

Second 1 ine should read: " ... to assure that radioactive gaseous emissions ... " Line 9: Change 
"will" to "should" 

Response 

Change in text made. 

Conment 

DEIS Page I-3: 

Middle of the page, point (1): Is this statement accurate as far as U.S. defense needs? 

Response 

Yes 

Co11111ent 

DEIS Page I-4: 

Third paragraph: Do the 1500 wells include tank fann monitoring wells? If so, the paragraph is 
not completely correct . 

Response 

Text Changes Made - Vol 1, Section I . 2.3 

Yes 

Co11111ent 

DEIS Page I-5: 

Top paragraph: It would be appropriate to mention Hanford winds and "dust devils." 

Response 

For the sake of brevity this has not been included in the swrmary but is discussed in Vol 2, 
Section II.3-E.4.1 and Section II.3-E.4.3. 

Conment 

DEIS Page I-6: 

First Paragraph: How about the deleterious effects that rabbits and coyotes have shown as a 
result of the B-C Crib? 

Response 

While some rabbits and coyotes did encounter B-C crib area waste, no effects that detectably 
change the number of rabbits and coyotes ir. the area were noted. The spread of contamination 
that resulted from this encounter with tne B-C crib area waste is described in the body of the 
statement {Section III.1.2.1) . 
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Conment 

DEIS Page I-9: 

Last paragraph: " . .. and ponds for many hundreds of centuries ." 

Response 

Text Changes Made - Vol 1, Section I.6 

Plutonium discharge to soil will need to be recovered. The fission products will decay in "many 
centuries" . 

Conment 

DEIS Page II.1-17 : 

All of the treatises on 200 Areas do not mention the 200-N, -P, -R Areas. 

Response 

See Vol 2, Table II . l-C-3 where the terminated and backfilled status of the 200 North Areas are 
sunmarized. 

Conment 

DEIS Page II . 1-17; 

Middle of page: " . .. in standby condition, is operated intermittently" perhaps should read " ... is 
planned to be operated .•• " or " • . . may be operated ... " 

Response 

Wording changed as reconmended . 

Conment 

DEIS Page II.1-30: 

Sixth line up: Z plant organic will not be processed in the in-tank solidification facilities. 

Response 

Text Changes Made - Vol 1, Section II .1.1.1.3.2. 

Conment 

DEIS Page II. 1-33: 

Last paragraph: ITS 1 and ITS 2 are not in operation. 

Response 

Text Changes Made - Vol 1, Section II.1.1.1.3.3 

Conment 

DEIS Page II. 1-33: 

Third line up: Word "permanently" should be struck. The units were supposed to be portable. 
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Response 

Text clarified. See response to previous question. 

Co1T111ent 

DEIS Page II . 1-36: 

Figure II-1-21 shows mostly C Fann, not much of A, AX and AY . There should be a better photo 
around. 

Response 

Photo considered appropriate; it shows the generat spacing between tank fanns . 

Comnent 

DEIS Page II . 1-64: 

Add "other" to "Source" column to indicate things like GE waste liners, etc . 

Response 

The table is intended to indicate the more significant sources of radioactive waste . 

Co1T111ent 

DEIS Page II . 1-65: 

Second paragraph: The discussion of cesium-strontium removal should be modified to clarify that 
only a good fraction of these isotopes are recovered (60 - 901) . The remainder is stored in 
underground storage., 

Response 

Text Changes Made - Vol 1, Secti on II. 1.1 .2. 2.1 

C011111ent 

DEIS Page II.1-70: 

First paragraph, line 5, should read "Plant was stored in part of the SX Tank Farm" 

Response 

Words have been added. 

Conment 

DEIS Page II . 1-70: 

Second to last paragraph: SX sludge cooler offgases are partially condensed. The tanks are 
supposedly being dried out. "Possibility of liquid leakage ... " seems very probable since most of 
the SX 90sr sludges .are in leaking tanks. 

Response 

Tile word "partially" has been added. If leakage points are located high in the tank, leakage 
would not occur with low sluicing volumes used . Sluicing is not planned if age of the tanks and 
high probabilities of leakage dictate otherwise. 
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Conrnent 

DEIS Page II . 1-70: 

Second paragraph: "These tanks were vented to the atmosphere through air-cooled .. . " "Instru-
mentation was provided •• . " --

Response 

Wording changes made . 

Conrnent 

DEIS Page II.1-71 : 

Last paragraph: Does all of A Fann have laterals (horizontal dry wells)? 

Response 

Text Changes Made - Vol 1, Section II .1.1.2.2 .2 

Conrnent 

DEIS Page Il.1-78: 

Second paragraph: " •.. it is possible to transfer liquid to or from any tank in the system. " 
This statement is really a poor one; we just don't have this capability. 

Response 

Text Changes Made - Vol 1, Section II .1.1.2.2.2 

Conrnent 

DEIS Page II.1-80: 

Second paragraph under II . 1.1.2.2.3: ITS 1 and ITS 2 are not in operation . 

Response 

Text Changes Made - Vol 1, Section II.1.1.2.2.3 

Conrnent 

DEIS Page II.1-80: 

Last paragraph: Process conditions for 242-S are not adequately described here. 242-S solids 
are fanned in the crystallizer, not in tanks from cooling. 

Response 

Text Changes Made - Vol 1, Section II.1.1.2.2.3 

Conrnent 

DEIS Pages II.1-81 and II.1-82: 

The figures of ITS-1, 2 might be left out. Feed to ITS-1 (Tank 102-BY) came from 112-BY, not 
ITS 2 bottoms tanks (see Figure II.1-45). 
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X.llA COfifilENT LETTER (Continued) 

Response 

A valid cornnent when ITS 1 unit is used in a cooling mode. 

Corrment 

DE IS Page II.1-83; 

F1gure 11.1-47: There is no neutralizer tank in the 242-T - Z Plant waste feed system. "CWS 
filter" on bottoms tanks should be "HEPA filter. " 

Response 

Changes made in figure as suggested. 

Comment . 

DEIS Page II. 1-86: 

Las t line: "In-tank temperatures in some tanks are monitored every shift . " 

Response 

Words added as recorrmended . 

Corrment 

DEIS Page II . 1-119: 

"Waste Tank Leak Detection Laterals " - This paragraph should be deleted. 

Response 

Deleted . 

Corrment 

. DEIS Page II.1 -142 : 

Paragraph II.1.1.6.1.2 200 Areas Add AR vault chemical effluents. 

Response 

AR vault effluents of concem are radioactive. They are described as radioactive in Vol 2, 
Table II.1-C-26. 

Corrment 

DEIS Page II . 2. 1: 

Lines 11 and 12: This sentence is mi sleading. The further operation of Purex wi ll add sub
stantial amount of new boiling waste. 

Response 

Cur.rently stored waste i s approximately 47 mil li on gal l ons. Purex generates approximately 
225,000 gallons/year which when solidified will result in less than 30,000 gallons/year. 
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ColllTlent 

DEIS Page III.2-4: 

11th line: Typo: Isotope? 

Response 

No - isopleth is correct . 

ColllTlent 

DEIS Page V. 5: 

Second last paragraph: Delete as before . 

Response 

Paragraph "Waste Tank Leak Laterals" deleted. 

ColllTlent 

DEIS Page II. l-C-65: 

Item l of table II. l-C-14~ HSW from 234-5 Z to TA tank is a "pipe in pipe" containment . 

Response 

Change made. 

X. 12 COMMENT LmER, Office of the Assistant Director for National and International Programs, 
National Science Foundation, Washington, DC 20550 

ColllTlent 

The statement is . made in Vol l, Page iv, last paragraph, that "Approximately 47 · gallons of liquid 
waste and 25 million gallons of solidified waste are currently stored . . .. " Is the 47-gallon 
figure correct? 

Response 

Text corrected to read 47 million gallons. 

ColllTlent 

Environmentalists can pick out two types of generalization, in spite of the detailed studies and 
the year of writing that went into the document. One is probably insunnountable; the use of 
unquantified terms is too plentiful . What is a "high-level waste"? What are "the lowest levels 
technically and economically practical"? What are "significant quantities of radioactive and 
other waste materials"? 

Response 

The task of avoiding generalizations is great and not always possible. Every effort was made to 
quantify wn~re possible without leavi1og the impression that the accuracy was better than it 
actually was. 

ColllTlent 

Who judges the statement that "Over 1,000 years of operation would result in no more than one 
cancer death"? 
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Response 

The health effect conversion factors from the BEIR Report as sunmarized by EPA were used. See 
Vol 1. Section III.1 .1.2.6 .- Maximum Health Effects. The calculation is simply a multiplication 
of the maximum number of health effects per year times 100 years resulting in a calculated 
health effect still less than one. 

Cornnent 

(Another) generalization is typified by a statement in Vol 1, DEIS page 1-6. middle of the page: 
"Studies show that the effluents from up to nine plutonium-production reactors have had no harmful 
effects on the migration or spawning of salmon .. . . " This may be true, but studies do show 
that the elevation of Col umbia River water temperatures in the Hanford reach of the stream may_: 
interfere with · the survival of the young salmon after hatching and with their ability to convert 
to a saltwater life. The increased use of that part of the stream as salmon spawning si t es might 
also be associated with increased returns of hatchery-produced fish, not naturally reared fish . 
Only technically astute reviewers can discern this kind of statement treatment . 

Response 

Text Changes Made - Vol 1, Section II.3.10 . 1.6 

X.13 COMMENT LETTER, Federal Power Conmiss ion , Washington, DC 20426 

A response was not requi red. 

X. 14 COMMENT LETTER, Office of Envi ronmental Affai rs , Department of Hea l th , Educati on and 
Welfare 

C011111ent 

Based on information contained in the draft statement i t may be concluded that the current expo
sures to and doses from radiat~on and radioactivity from these installati ons are mi nimal as are 
the res ultant proj ected health effects . It i s apparent, however, that operations are not con
ducted wi th the same degree of contro l as i s requ i red by conmerc i al operati ons of t he same type. 
The exis t i ng invent or ies of radioacti vity i n the t ank farms , in t he soil s and ground waters 
underlyi ng cri bs and ponds, as well as in the ponds , as wel l as contaminated so li d waste both 
buri ed and as contamination in or on ex i sting structures and equipment present cont inuing health 
hazards which will need to be maintained under control and surveillance for the indefinite future . 

Response 

Control and survei llance is being provided and will be continued until the ult imate disposal 
program no longer requires it. Because there are no similar corrmercial operat ions (primarily 
because of the manner in which the program was started in the 1940's). it is difficult to make 
comparisons to commercial programs. The length of time for contro l and surveillance wi l l be a 
function of timing for ultimate disposal, retrievability of transuranics, decommissioning of 
facil i t i es and decay of fission products. 

C01T111ent 

An early objective of operations at Hanford shoul d be t o assure that additi ons to t hi s inventory 
in t he environment are eliminat ed as early as practicabl e by improvements to t he waste management 
program. The improvement program scheduled -through fi scal year 1975 wi ll be a step i n this 
di rection, but , although reducing t he rate of increase of inventory to the ground and ground 
water , wi ll sti ll al• OW a build-up of these concentrated but relatively uncontroll ed inventor i es . 
It is rec01T111ended that effluents from all facilities be reduced to conform to t he "as low as 
practi cable" criteria for c01T111ercial installati ons as have been adopt ed by the Atomic Energy 
C01T111ission for l icensed install ations . It would also seem preferabl e to di scharge these l ow- level 
effluents to the environment where they will be fur ther dispersed rather than utilizi ng techniques 
such as cribs and ponds that will result in reconcentrations of the effluents thereby requiri ng 
long-term surveillance and monitori ng of these concentrated sources in the so il and ground water . 
Although it appears that with few exceptions these releases to the ground are be i ng confined at 
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the present time, it does not seem possible to predict what might happen to the geologica l and 
hydrological characteristics of this area over the protracted period of time that it will be 
necessary for these entrapped radionuclides to reach innocuous levels. Based on present know
ledge, however, it would not seem advantageous from a cost-benefit stand-point to attempt to 
remove and treat all the contaminated soil or to remove and store it elsewhere. 

Response 

Continued reduction in the amount of radioactivity discharged to the ground is planned, and pro
jects have been identified (although not currently funded) to reduce concentrations to levels ' 
consistent with drinking water quality . The inventories, except for tritium, 99Tc and 129 I, are 
decaying at an impressive rate . The inventories in the soil for various time periods are shown 
in Vol 1, Section V. 

ERDA does not agree that dispersal to the environment above drinking water standards would be a 
preferable handling plan . Current policy does not pennit it. Most radionuclides except 
plutonium will decay within 500 to 800 years to innocuous levels. Removal of plutonium-containing 
soil from the underground disposal crib 216 Z-9 is already planned (see Vol I, Section V.2. 5). 
Recovery of plutonium in the soil will be made at some time in the future . 

Corrment 

The program of solidifying the high-level liquid waste in the tank fanns after having removed 
the long-lived cesium and strontium isotopes is an important improvement. However , the resultant 
salt solids are undoubtedly relatively leachable and efforts to seek a suitable process for these 
solids to change them to a less leachable fonn, as discussed in the draft statement, should be 
pursued as expeditiously as possible . It is recognized that the ultimate disposal of these 
wastes will to a major extent be dependent upon decisions made following further review and 
evaluation of ERDA ' s proposed high-level waste storage and disposal program. 

Response 

Research and Development is funded and currently underway to arrive at these objectives in a 
timely manner . 

ColTlllent 

There are certain conditions existent on the Hanford Reservation which are not covered in the 
projected 1975 improvement program which sould be considered as soon as possible. A review of 
the analytical results on radioactivity in ducks which have been taken from the ponds on the 
reservation indicate that they are assimilating a good deal of cesium. This shows particularly 
in those samples reported and taken from T Pond, U Pond, and Gable Pond where the levels exceed 
those which would be derived from the FRC basic dose recorrmendations. In other words, they fall 
within a level of concentrations within or above range 3 for cesium as extrapolated from the FRC 
reconmendations. The level also exceeds the concentration guide being used generally in the 
report to evaluate the acceptability of discharges of liquids to the uncontrolled environment. 
This being the case, it is suggested that consideration be given to discontinu·ing the use of such 
ponds unless it can be assured that the waste water entering them do not contain significant 
levels of radioactivity. The existing ponds should either be backfilled in place or the con
taminated top layers of soil be removed and buried elsewhere. 

Response 

This statement discusses the alternatives identified (Vol 1, Section V) to improve control over 
waste effluents. Discontinuing use of ponds and cribs is a part of the consideration . See 
discussion on similar question in X.10. 

The second point of concern are releases directly to the Columbia River which exist in the 100-
area. It was noted that the currently scheduled modification program will improve the quality 
of water being discharged through the 102 inch discharge line. However, no mention is made of 
attempting to reduce either the amounts or concentrations of discharges into the crib in this 
area which discharges into the Columbia River via the N area Riverbank Springs. It is noted 
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from the statement as well as the appendix that levels of iodine-131 in this discharge water 
exceeded both FRC Range 3 levels as well as the guidelines in both years 1972 and 1973. The 
strontium discharges exceeded these concentrations in 1972 but were reduced in 1973. It is not 
clear whether this is a random or a planned reduction. 

Response 

Text Changes Made - Vol 1, Section V.3.2 

Facility changes were made to reduce the strontium releases. 

X.15 COMMENT LETTER, United States Department of Co11111erce, The Assistant Secretary for 
Science and Technology, Washington, DC 20230 

Co11111ent 

With regard to the impact of waste heat on aquatic biota, we question the validity of statements 
indicating that thennal discharges to the Columbia River have neither had, nor are presently 
having, an effect on these organisms. 

Response 

Text Changes Made - Vol 1, Section II.3.10 .1.6 and Section III . 1.3.2 . 3.1 

Co11111ent 

DEIS page I-5. It should be mentioned here tttat juvenile salmonids are subjected to temperatures 
that are potentially lethal and that adult salmonid populations are present in the area because 
all other historic spawning areas on the main stem of the Columbia River have been inundated 
through installation of hydroelectric dams. The Hanford area is the only .remaining section of 
the middle Columbia River where spawning conditions are optimum for adult Chinook salmon. 

Response 

Text Changes Made - Vol 1, Section II . 3.10.1.6 and Section III . 1.3. 2. 3. 1 

Co11111ent 

This section indicates that the total heat input to the river is about 470 megawatts when the 
power plant is in operation. This figure appears to be inaccurate. It is our understanding 
that the total output is 4,000 MW, and that the plant produces 860 MWe, leaving 3,140 MWth of 
heat lost from the plant. 

Response 

Text Changes Made - Vol 1, Section V.6.7.1 

Co11111ent 

We question the statement that "Since the effect of the N Reactor heat releases on the Columbia 
River are considered insignific,~~ (Section III .1), installation of a cooling tower or pond to 
eliminate these releases to the Columbia River cannot be justified." Heat effluent from the 
N Reactor has the capability of killing small fish . Krenkel and Parker (1969 : 318-337) indi cate 
that the N Reactor produces 4,000 MWth and increases the ambient water discharge temperature 
into the river by about 19° to 47°F, depending on plant operating conditions. If the Columbia 
River water temperature is 60°F (which it is for approximately six months each year), and i f the 
discharge water temperature is raised 40°F,·this water, when discharged to the river would be 
capable of killing small salmon in a few seconds (Synder and Blahm, 1971; EPA, 1971). The 
question that remains to be answered is, in fact, how many juvenile fish are killed each year in 
this manner? Until this question is answered, conclusions will continue to be drawn suggesting 
that there is no demonstrable effect of heat from the N Reactor on juvenile fish, a conclusion 
that is subject to misinterpretation. 
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Response 

Text Changes Made - Vol 1, Section II.3.10.1 .6 and Section III.1 . 3. 2. 3.l 

X. 16 COMMENT LETTER, Assistant Secretary of Defense, Washington, DC 20301 

A response was not required. 

X.17 COMMENT LETTER, Executive Department, Local Government Relations Division, Salem, OR 97310 

Conment 

Our concerns in aquatic resources in the Columbia River are for the preservation and palatability 
of fish life and associated food webs . 

Response 

The ecological studies and the general absence of observable biological effects of effluents 
discharged to the Columbia River by the Hanford facilities are discussed in detai1 in Vol 1, 
Section III . The detection of adverse impact of Hanford pollutants on the water quality and 
biota of the river and the preservation of the aquatic life were the principal objectives of 
much of the biological research conducted. One cannot state unequivocally that absolutely no 
change of the river ecosystem has resulted from operation of the Hanford facilities; on the 
other hand, careful research has been unable to detect these changes. 

The palatability of the fish grown in the Hanford reach of the Columbia River has not been known 
to be a matter of concern. The stretches of the river inmediately upstream and downstream of 
the Hanford Reservation that are accessible to the public continue to be popular sport fishing 
areas. No known degradation of the eating qualities of fish produced in this part of the river 
has occurred. 

Conment 

We question statements that!!£ deleterious effects have been observed in Hanfprd's thirty years 
operation . 

Response 

Text Changes Made - Vol 1, Section I . 3.1 and Section II . 3.10. 1.6 

Conment 

Juvenile salmonids are present in the Columbia River near Hanford and are potentially affected by 
temperatures in excess of their lethal range. 

Response 

Text Changes Made - Vol 1, Section II.3.10 .1.6 and Section III.1.3.2 . 3.1 

Conment 

Despite the large quantities of data and other infonnation contained in the draft statement, the 
statement does not contain: 1) sufficient data and other infonnation to pennit adequate review; 
and 2) sufficient discussion of environmental impact on the Columbia River and the significance 
of calculated or measured contamination of the river resulting from Hanford operations. 

Response 

The data necessary to calculate doses to the public and to describe quantitatively the handling 
of waste are presented in detail. More discussions on the Columbia River impact have been added 
in Vol 1, Section II.3.10.1.6. The pertinent research reports on these matters have been freely 
referenced in the text. 
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Comment 

All discharges to the Columbia River, including effluents, subsurface waters, riverbank springs 
and others, should comply with maximum permissible concentrations (MPC) for radionuclides. 
Liquid and solid waste management improvements should be undertaken to meet this goal in view of 
the importance of the Hanford reaches of the Columbia River. 

Response 

At the point of discharge into the Columbia River only one nuclide (131 I) exceeds drinking wat er 
standards. See Vol 1, Section V for liquid waste treatment alternatives . 

Comment 

Conclusions contained in the final paragraph of DEIS page IX-8 do not appear justified because 
there are only several general references in the draft statement relating to possible shutdown 
of the N Reactor and Purex. It is recommended that liquid waste management improvements, 
including N Reactor effluent treatment, relocation of N Reactor Crib to the 200 Area and improved 
treatment for 200 Area liquid wastes, be strongly considered unless there is a definite and 
clear commitment on the part of AEC (or its successor agency) to shut down N Reactor and Purex 
by 1979 . Further, the planned facilities for N Reactor gravity drain and control rod coolant 
dumps should be incorporated in the liquid waste management improvements noted above. 

Response 

Liquid waste management improvements for N Reactor effluents are being seriously considered 
currently . Plans and alternatives are discussed in Vol 1, Section V including adoption of the 
gravity drain and control rod projects. 

X. 18 COMMENT LETTER, United States Department of the Interior, Office of t he Secretary, 
Washington, DC 20240 

Comment 

One of the three most important elements of the basic proposal for waste management is the 
continuation of research and development of methods for solidification of residua l li quors as 
well as alternative insoluble products (DEIS page IX-8, paragraph 2). However , very li ttle 
information appears to have been provided on actual research now in progress toward those 
objectives . We feel it is essential to provide information of two principal types: (1) an 
adequate summary of current knowledge ; and (2) an adequate summary of the research program in 
progress , planned, and recommended. Important information that appears to be needed is the 
solubi l i ty and other pertinent properties of the salt cake, similar properties of alternative 
solid forms, relative advantages and disadvantages based on present knowledge, and tentat ive 
costs and benefits. Without this type of information it is not possible to evaluate the likeli 
hood that this important part of the proposed program will be achieved. 

Response 

rext Changes Made - Vol 1, Section V.2.5 

Comment 

Approximately 5 million cubic feet of radioactively contaminated sol ids are stated to have been 
buried on the Hanford Reservation since 1943, but only since May 1970 have transuranic wastes 
been segregated in special containers for retrieval. Questions relating to this are : (ll what 
measures a~ recommended for ultimate disposition of wastes in burial grounds that may conta i n 
unsegregated transuranic wastes; (2) which specific grounds are these, and what measures are 
required to maintain their surfaces to reduce deterioration of containers in case of a future 
decision to retrieve these wastes; and (3) what monitoring or other special act ions are required 
to preserve the future option of ultimate retrieval of these wastes? 
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Response 

Text Changes Made - Vol 1, Section II .1.1.2 . 5, Section II.1 . 1.2 . 5. 5 and Section V.2 . 5 

Vol 2, Appendixes describe the various burial grounds , their status and contents . 

Conment 

It is noted that an integral part of the waste management program is the provision of ·"high 
i ntegrity tanks to contain the liquids in interim periods" (DEIS page v). It has also been 
noted t hat in the process of solidification by evaporators, resulting in the filling of the 
tanks with solid salt cake," . . • the major portion of this liquid needs to be removed since 
the integrity of the tank liner and shell cannot be assumed for long periods" (DEIS page II . l-86 ). 
In sp i te of the use of screened well-points installed down to the tank floors, it is stated that 
the remaining interstitial liquor ultimately equals about 30 percent of the volume of the sa l t 
cake, and that the piping is sealed off after this degree of dryness is reached. It appears 
inevitable that the floor of the tank must remain in a wet condition, in contact with the 
concentrated residual radioactive liquor for the duration of storage. In view of the foregoing 
conclusion that tank integrity cannot be assumed for long periods, we are concerned about tank 
integrity in contact with the residual liquor during prolonged storage, and amounts of such 
concentrated liquor that might leak into the underlying soil prior to detection, and during the 
period required to flush out the contents of the tank. 

Response 

Text Changes Made - Vol 1, Section ·11 .1.1. 2.2. 3 

Conment 

Volume 2 provides detailed estimates of the quantity of radioactive material held in and beneath 
cribs, burial grounds, tanks, ponds, ditches, and other waste management facilities . However, 
little or no indication is given of the probable accuracy of the statistics, of the possible 
margin of error, or of the range of values that might exist as a result of incomplete accounting 
procedures, particularly during the early years of operation. In general, the method of calcu
lation, particularly of radioactive waste inventories , should be explained further and. the 
figures presented should indicate no greater accuracy than the circumstances warrant . 

Response 

Text Changes Made - Vol l, Section II.1 .1.4 

The accuracy of waste inventories is estimated to be as shown below . These accuracy estimates 
can be applied to gross inventory data presented in Volume 1 or 2 of this statement. 

Accuracy* of Radionuclide Accumulations 

Cribs 

Ponds and Ditches 

Unplanned Line Leaks 

Solid Burials 

Tank Leaks 

±30% 

±30% 

+100% 
-50% 

+200% 
-50% 

±20% 

*Accuracy should not be applied to 
individual cribs, ponds, etc. without 
separate review. 
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C00111ent 

Radioactive Waste Disposal 

The plan for ultimate solidification of high-level liquid wastes is of considerable concern. It 
has been concluded that" ... new facilities for solidifying the final residual liquid will be 
needed ... " and that" ... the residuum will be treated to produce a solid either by chemical 
addition or a special type evaporator • .. " (DEIS page V-2). It is stated that these alterna
tives are currently under development, but the current state of knowledge and the current 
research program have not been described. In addition, no proposed funded research program is 
recognizable as corresponding to this aspect, in spite of the description of wide-ranging 
research programs in many areas. This aspect of the waste-management program is of ultimate 
importance because nearly 10 million gallons of residual liquid are expected to require such 
treatment at the end of the program (DEIS page V-9). In the discussion of the ultimate disposa l 
alternatives, one possibility considered is to leave the salt cake in the tanks where it was 
fonned (DEIS page V-21). However, the discussion of this alternative fails to consider the 
long-tenn problem of the residual liquor that is included, and that would ultimately be subject 
to leakage. At least a tentative timetable for ultimate solidification needs to be discussed . 

Response 

Text Changes Made - Vol 1, Section V. 2.5 

Col!ITient 

The statement does not, but should, describe what is involved in this required control and how 
it could be assured of exercise for periods extending to thousands of years . A full discussion 
of consequences resulting from the potential breakdown of control is required. The adverse 
effects of the enforcement of perpetual control over the area should be specified. Finally , the 
full implications of perpetual control should be factored into alternatives that do not require 
this type of control . 

Response 

An evaluation of the advisability of removing plutonium bearing waste for storage elsewhere is 
underway . The f i ssion product waste is decaying and wil l reach innocuous levels in 100 to 
500 years. For example , the 3,500,000 curies of fissjon products disposed to cribs and ponds in 
the 200 Areas since 1944 have decayed to 134,000 curies. In 1973 about 5500 curi es were added 
to all cribs whi le 21,000 curies were lost to decay . The Waste Management Operati ons Program 
hopes to place the materia l in a condition that will require minimal future surveillance. See 
Section V. 2.5.1 for a discussion of ultimate disposal research and development. 

Conment 

Alternatives 

It i s stated at the outset that current standards stipulate that releases of radioactivity be 
"at the lowest levels t echnically and economically practical" (DEIS page ii, #1) . By the end of 
the environmental statement a fairly convincing case appears to have been presented to support 
the conclusion that "the radiation dose to the population and consequently the health effects 
are essentially independent of the alternative chosen " (DEIS page IX-8, paragraph 1; see also 
Table IX-3). The basic rat ionale of the AEC staff appears to be that t he standard of "as low as 
practi cal" re lease of radioactivity wi ll have been complied with i f the proposed waste manage
ment program cannot be shown t o result in si gnificantly great er releases of radioact ivity than 
those resulti ng from one or more alternatives that have been evaluated. However , the evaluations 
of all alternatives, resulting in the radiation-dose changes summarized on Table IX-3, are 
evidently based on the assumption that ~irtually all long-lived radionucl ides released to the 
ground beneath storage or infiltration facilities will be safely isolated from the biosphere 
until they decay to a harmless level . • 

The foregoing rat ionale provides little or no basis for choosing one alternative over another , 
because all alternatives are viewed as differing by only insignificant amounts in their degree 
of risk to the environment. One of the following alternative interpretations of the "as low as 
practical" principle would provide another useful basis for evaluation of alternatives, to 
supplement that of radiation-dose levels as estimated by the present statement: (1) to compare 
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the quantity of long-lived radioactive isotopes released to the soil and not positively isolated 
from the biosphere by an impermeable, accessible, and reparable barrier; and (2) to compare the 
amount of ground, expressed in terms of acres and cubic feet, that would be irretrievably 
corrmitted to waste management and storage. It has been noted that "land containing transuranic 
materials, particularly plutonium can be considered unusable for any purpose for hundreds of 
thousands of years" (DEIS page VIII-1, paragraph 3) and that essentially 6,000 acres are con
sidered irretrievably corrmitted under the present waste-management program. The spirit of the 
"as low as practical" principle requires that the acreage and volume of earth irretrievably 
corrmitted to containment of long-lived radionuclides be kept as small as practicable, and that 
this factor should be an important basis for evaluation of alternatives that are practically 
equal in terms of foreseeable radiation dose corrmitments. 

Response 

Text Changes Made - Vol 1, Section V 

Comment 

The significance of archeological resources on the Hanford Reservation has been seriously 
understated on DEIS page II .3-13. The Columbia River was one of the most densely inhabited 
regions in aboriginal North America, and its inhabitants possessed one of the most interesting 
1ifeways of the continent. With the exception of the sites located on the Hanford reach of the 
Columbia, evidences of this lifeway have been virtually erased. Therefore, the remaining sites 
assume great significance and should be evaluated to determine if they should be preserved. 

Compliance with Executive Order 11593, "Protection and Enhancement of the Cultural Environment, " 
should be documented in the statement. This requires federal agencies to inventory historical 
and archeological remains, evaluate, with the aid of an appropriate professional, their signifi
cance, and nominate those eligible to the National Register. Presumably, the Atomic Energy 
Corrmission funded surveys and the Ben Franklin Reservoir survey would suffice for the inventory. 

Response 

Text Changes Made - Vol 1, Section II.3 . 5 

Corrment 

Geology 

Ion exchange with clay constituents in the soil appears to have been relied upon for containment 
of practically all long-lived radioisotopes in liquids that are deliberately disposed of by 
infiltration in cribs, ponds, and ditches as well as liquids accidently released from tanks and 
pipes. For example, it is stated that "the clays have good ion exchange properties and make 
good filter beds" in describing the section beneath a typical crib illustrated by Figure II .1-51. 
The underlying soil is generally described as "up to 50% silts and sand, having some clay 
content" (DEIS page II. 1-88, paragraph 2). However, we have found no section beneath any 
disposal area described in sufficient detail to suggest that the soil contains a significant 
amount of clay in the uppermost 150 to 300 feet. Considering the critical importance assigned 
to the surficial geologic section in containing the hazardous radionuclides, we feel that 
representative sections beneath important disposal sites should be described in detail, including 
quantitative data on parameters closely related to containment. These parameters include 
especially the permeabilities of the underlying capacities of these materials, and what retarda
tion factors or calculations support the foregoing conclusion that "the clays ... make good 
filter beds." 

Curves showing idealized sorption patterns for principal elements beneath a typical disposal 
crib are shown en ~igure I!.1-52. Among the assumptions evidently made is that the radioactive 
solutions would percolate uniformly downward through a homogeneous soil, a condition which does 
not exist in actuality. Because specific depths have been shown, it appears that certain 
assumptions were made with regard to the soil type or the time element, but these have not been 
discussed. The basis for preparation of the curves, and all underlying assumptions, should be 
explained. 

Comparison of the foregoing idealized curves with the limited analytical data presented in the 
Appendices (Fig. II.1-C-36 to 40) casts doubt on the validity of the idealized curves as applied 
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to the Hanford Reservation. For example, the idealized curves appear to suggest that maximum 
concentrations of radionuclides would tend to occur very close to the source, but test wells 
colllllOnly showed maximum concentrations from 15 to 35 feet below the surface, and even as deep as 
65 or 100 feet for cesium. It has been concluded that "the potential for leaching of sorbed 
radionuclides from beneath cribs and trenches down to the water table is nil under present 
climate conditions" (DEIS page II.3-D-51), which would presumably eliminate leaching as a cause 
for the higher concentrations of some radionuclides at depth . In general, since sorpti on of 
radionuclides has been depended upon for their containment, analyses of their actual dis t ri bution 
beneath major disposal sites should be related to geology, structure, clay mineralogy, ground 
water, or any other pertinent factors. Unless the present distribution of radionuclides is wel l 
understood , after 30 years or less of movement, there appears to be little hope of predi cting 
their fate over periods ranging up to "hundreds of thousands of years " (DEIS page VIII -1). 

The statement projects that f i ssion products and Pu will remain in t he soil columns under cri bs , 
trenches, and ponds for many centuries (DEIS page I-9). However , ev idence presented in the 
draft statement shows vertical migration of 13 7Cs and 90sr at the 216-S 1 and 2 cri b si tes 
(Fig . II.l-C-33, DEIS page II.1-C-84, Vol . 2) . The crib site was in service from Janua ry 1952 
unti l January 1956 and received aproximatel y 39 x 106 gallons (1 . 5 x 108 li t ers) of was t e liqui d 
containing 750,000 Ci of mixed fission products including 3,000 Ci of 90sr and 2,000 Ci of 13 7Cs . 
Following the terminat ion of discharges to the site, a fi eld study was undertaken (DE IS 
page II . l-C-82) in 1956 . The upper cross section in Figure II . l-C-33 indicates the migration 
of cesium and strontium in the so il column . Ten years later, in 1966 , f ive addit ional wells 
were dril l ed at the crib site to de t ermi ne the extent of radionucli de redis tri bution (DEIS 
page II . l-C-83). The results shown in t he lower cross-sect ion of Fi gure II . l-C -33 i ndicat e tha t 
ces i um and strontium both have extended laterally and vert i cally. It is true that mos t of the 
137Cs and 90sr is still contained in the soil col umn about 15 m below the cri bs. However, thi s 
movement shown occurred during only a 10-y.ear period compared to the severa l centuries that 
these was t es wil l be hazardous. From this evidence, it is doubtful that t he rad ionuc li des can be 
retained in the soil columns for many centuries as concluded in the statement . To carefu lly 
keep t rack of t he wastes at Hanford, especially those radionucl ides wh i ch have reached the 
soi l , more intens ive , detail ed work needs to be done at the site. 

Response 

Ion exchange i s reli ed upon for containment of most of the radionuc lides that are fo und in the 
was t e li quid di scharged to t he ground at the di sposal sites i n the 200 Areas . However, the clay 
constituents in the sediments are not the primary ion exchange medium. Test s of samp les removed 
from cribs , as an examp le the 21 6-S-l and - 2 cri bs , show that very li tt le cl ay exi sts in the 
soil beneath this cr i b site . A number of laboratory tes ts were perfo rmed on sed iment samp les 
from se lected wells over the Hanford Reserva t i on . These tests i nc lude analyses of the sediments, 
pH, ion exchange capaciti es, calcium carbonate cont ent , and the amount of mo is ture he ld i n the 
sediments aga i ns t fifteen atmospheres of negative pressure . A l ibrary of sediment samples from 
wells throughout the Hanford Reservation i s ava il ab le for evaluati on. 

The procedure used for di schargi ng waste to ground at Hanford i s to sample t he l i qu i d was te 
stream, det ermi ne the radionucl ide content of the waste, determi ne the distribution coeffi ci ent 
of the sediments into which thi s waste l i quid wil l be discharged, and determine emp i r i ca lly the 
volume of waste l i qui d that can. be discharged into the ground, such that the long- li ved radio
nucl i de concentrations eventually reaching the water table wi ll not exceed the U.S. Energy 
Research and Development Administration published guides for drinking water . The typical or 
ideali zed sorption curve shown in Vol 1, Figure II . 1-52 is used to show the distri buti on benea~h 
the typi cal disposal crib. This is not used to determi ne the vo l ume of waste that i s to be 
di scharged at any particular disposal fac i l i ty. Each di sposal facili ty is eva lua t ed on the 
meri t s of t he radionucl ides content i n the waste st ream, the chemistry of the waste stream, and 
the types of sediments in the parti al ly ~at~rated zone from b~neath the cri b_to the und~r lyin~ 
water t ab le. The idealized curve would 1nd1cate t ha t the maximum concentrat1ons of rad1onucl1 des 
tend to occur very close t o t he source. The corrment that the maximum concentra tions of radi o
nucli des have been found to occur 65 or 100 feet beneath the disposai site where cesium i s 
found is i ncorrect. The ces i 1J11 in the case of the 216-BY crib sites has the maximum concen
t rati on at t he 20-foot level irrmedia tely be l ow t he bottom of t he crib. In the case of t he 21 6-AS 
crib si te, the high concentration of ces i um at the 65-foot l e~el was primarily a funct i on .of . 
where the well was dri lled from which the sediments were obtai ned. With respect to the dis tri
bution of the radionucli des i n the cri bs that have been used duri ng the past 30 years, i t appears 
that the radionuclides are being held within t he soil column and re lative ly hi gh above the 
regional water table , With the prevail i ng climati c conditions these sediments are expec t ed to 
remain essentially in this pos i tion. 
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It has been stated that" ... additional seismic resistance studies wi11 be performed ... " as 
a result of potential structural deficiencies revealed by review of design of components of 
B Plant (DEIS page III.2-59). Judging only from the partial information presented, it appears 
that the appropriate reconmendati on would be to evaluate seismic effects on those waste manage
ment structures that have not yet been analyzed (DEIS page III.2-60) and to strengthen those 
components found to be weakest . In view of the past history of tank leakage, the effects of 
ground displacement and severe ground accelerations on the various tanks of various designs 
should be analyzed in detail. Al though the tanks constructed after 1971 are said to be designed 
on the basis of a horizontal acceleration of 0.25g (DEIS page III.2-57), the accelerations that 
the tanks constructed prior to 1971 wi11 withstand should be discussed . This is important as 
most of the waste was produced prior to 1971 . The possibility of ground displacement at the 
tank locations should be analyzed and the basis presented. 

Response 

Waste tanks constructed prior to 1971 have been analyzed by consultants and found to accolTITiodate 
the current design standards for ground acceleration . Other comparable tanks have been quali 
tatively determined to accomodate these seismic accelerations . See Vol 1, Section II.3 . 7 and 
Vol 2, Appendix II.3-C. 

ColTITient 

There are two aquifers in t he Hanford area, namely, the unconfined and t he confined aquifers . 
The former consists of both glacio-fluviatile sand and gravel deposits and the Ringold silts , 
clays, and gravels . These materials are very heterogeneous and often greater lithologic differ
ences appear within a given bed than between beds. The confi ned aquifer consists of basalt . 
These two aquifers are separated by a layer of clayey silt of the Ringold Formation . Certainly 
some "erosional windows" exist between the aquifers, . therefore at certain areas hydraulic 
colTITiunication between the unconfined and confined aquifers is possible (DEIS p. II.3-35) . 

Response 

The erosional window concept is not adequate to describe the interconnection between the confined 
and unconfined aquifer and was removed from the final statement. The geology of the Hanford 
Reservation is extremely complex with major vertical and horizontal heterogeneit i es. The 
unconfined aquifer was defined as the uppennost pervious layer composed of glacio-fluviatile 
materials and sediments of the Upper Ringold Fonnation. Beneath the unconfined aquifer, a layer 
of silt (Lower and Middle Ringold) or a layer of basalt may be found . In some areas there may 
be some connection between the unconfined aquifer and any confined aquifer below the top silt or 
basalt layer. Such a connection would be through an aquitard and would tend to be very slow. 
Vol 2, Section Il.3-0.4 of the final statement was revised to include a fuller discussion of the 
unconfined aquifer. Present programs include the drafting of plans for an extensive analysis of 
the vertical interconnection of the various aquifers underlying the Hanford Reservation. 

Conment 

The data presented in the sections on hydrology in both the report and its overall appendix are 
not adequate to support trre c:onchJsions drawn. 

Response 

Text Changes Made - Vol l, Section II.3.8 and Vol 2, Ap~endix II.3-D 

The data presented in the sections on hydrology in both the statement and its appendix have 
been expanded. 

ColTITient 

The statement does not contain a location map and construction details of the sampling wells, 
description of methods of water sampling, or a detailed geological mAp of the disposal sites. 
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Response 

Vol 1, Figure II .3-13 is a Well Location Map . The section on the groundwater monitoring program 
(Vol 2, Section II.3-D .4.S) has been expanded. 

Cornnent 

Frequency of sampling is another factor that should be considered . It is necessary to determi ne 
whether the lower layer of clayey silt acting as confining bed is present at the disposal si t es . 
If not, the radionuclides could move directly down to the confined basalt aquifer ; if this 
occurs, then water from the confined aquifer should also be analyzed frequently. The ,tat ement 
fails to consider these important factors . 

Response 

Water samples are taken from both the unconfined and confined aquifers at Hanford as noted in 
Sections II.3-D . 4.S and II.3-D . 5 of Vol 2. Some confining lenses occur under some of the disposa l 
areas. Such geologic data are used in planning the wells to be used as part of the waste di sposa l 
sampling program. 

Cornnent 

The hydrauli c conductivities of the glacio-fluviatile sediments range from 1,200 to 12 ,000 ft/day 
and only 6 to 200 ft/day for the Ringold Formation (DEIS p. II.3-37) . However, no ver tica l 
hydraul ic conductivity is mentioned . Given such extremely heterogeneous formations it is 

·surprising that no vertical secti9ns of geology or soil columns at the was t e disposa l si tes are 
gi ven in the discussion of liquid waste disposal. Since the ve locities of ground wa t er mov ing 
through the glacio-fluviatile sediments are di fferent by several orders of magnitude from 
ve loci ties in the Ringold Fonnation, deta il ed geological and sampling well locati on maps should 
~e provided . 

Response 

Measurements of the vertical hydraulic conductivi ty of the glacio-fluvi atile sediment s and the 
Ringold Fonnation are not ava i lable . Geologic data and examination of samples indicate that in 
these fo nnati ons the vertical hydraulic conductivity wil l always be less than the hori zontJl 
hydrauli c conductivity, at t imes, as much as an order of magnitude less . 

Detail ed geological and sampl i ng well location maps are provided in Vol 2, Append ix II. 3-D. 

Co11111ent 

The references indicate that pumping tests after the early 1950's appear to have been run without 
planning and with little care. 

Response 

After t he early 1950's pumpi ng tests required improvement . The present pump testi ng program is 
des igned to provide better data. 

Conment 

Because of t he heterogenous nature of the confined aquifer , i t i s necessary to have a well planned 
and detailed geophys i cal exploration which wi ll ~stabl i sh glacial flow channels and the cont i nuity 
of the confining bed. 

Response 

The geophysical program alluded to i s presently underway (also see Vol 1, Secti on II . 3.8. 2. 2 
and Secti on 11 . 3.8.2 . 3 and Vo l 2, Appendix 11. 3-0) . 
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Conment 

It is necessary to carry out water-balance calculations at t he site . 

Response 

Text Changes Made - Vol 2, Appendix II . 3-D 

Connent 

Although the draft statement says that no infonnation has been found which indicates that a 
hazard through the groundwater pathway presently exists as a result of the AEC waste operations 
at Hanford (DEIS p. 11.3-0-77), the references clearly show that the authors of the reports did 
not endorse the operations . 

Response 

Text Changes Made - Vol 1, Section II . 3.8.3 and Vol 2, Appendix II . 3-D 

Conment 

Considering the nature of the base data on well monitoring, the reliability of the conclusions 
reached in the draft environmental statement cannot be demonstrated. 

Response 

Text Changes Made - Vol 1, Section II .1.2.2.3, Section II . 3.8. 2 and Section II .3.8. 2. 3 
and Vol 2, Appendix II . 3-D 

Conment . 

The conclusion that the disposal of liquid waste into the ground at the Hanford Reservation does 
not endanger the hydrosphere in the area is made partly on the arbitrary and cursory assumption 
that soil columns will retain a large part of the radionuclides . This assumption is based 
partly on chemi cal analyses of water samples taken from some monitoring wells, and partly on the 
transport model . 

Response 

The assumption that soil columns will retain a large part of the radionuclides is based on 
experimental and field data (described in Vol 2, Section II . 3-D.3) . 

Conment 

Figures II.3-18, II.3-20, and II . 3-21 are used again and again to show that the average nitrate, 
gross beta, and tritium concentrations in the groundwater near the surface of the unconfined 
aquifer during the period of July-December 1972 are either below the drinking water standard or 
the concentration guide, except in the area near the disposal site. The reliability of these 
figures is debatable. First, as mentioned above, there is neither a• detailed geological nor a 
sampling-well location map. The statement fails to mention the sampling method and frequency and 
the construction of sampling wells (open intervals, etc.). Secondly, the movement of radio
nuclides both in the vertical and lateral direction are related to the rate of disposal, concen
tration of the waste, and groundwater levels. This is a dynamic system, yet the concentration 
map was compiled according to a calendar period instead of dynamic conditions. 

Response 

Text Changes Made - Vol 1, Section II.3.8.2.2 

The referenced figures were revised, the data more clearly presented, and the discussion was 
expanded. 
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Corrment 

There is neither a location map showing springs along the river banks nor radiochemical records 
of the spring water in the draft statement . It is also possible that some springs may discharge 
directly into the river under water. 

Response 

The N Crib springs are located on the south river shore directly north of the N Crib. The top 
left-hand side of Figure II.l-B-3 and lower right corner of Figure II.1-A-lb identify the 
location of N Crib but the springs are not identified on these maps . The radionuclide content 
and chemical content of the springs were given in the DEIS as Table II.3-0-15 and Table II.3-0- 16 , 
respectively. Additional data have been added to the final statement (Vol 2, Section II.3-0 .4. 6) . 
There may be undetected springs under the river. River monitoring has not been able to detect 
any radionuclide input from suc_h a potential source . 

Conment 

Before any meaningful conclusion is made that the radionuclides will not move down to the ground
water body from their present location, it is necessary to study the probability of rainfall 
durat ion and intensity over a period of several centuries. The vertical permeability of the 
fonnation at the tank site also needs to be detemined . 

Response 

Text Changes Made - Vol 1, Section II.3 .9. 1 

Vol 1, Section II.3.9 . 1 now i ncludes rainfall prediction data . 

Corrment 

Floods. The potential effects of Columbia River floods are eva luated, assuming that the dam
regulated probable maximum flood was calcul ated by the Corps of Engineers , is the highest that 
could occur (DEIS page III.2-67) . This is adequately conservative for most flood eval"uations 
involving man~made structures. However, the Hanford Waste Management Program will require 
"long-tenn control (thousands of years) . . . ", and the possibility that dam regulation as 
practiced today may no t be assu red over such lengths of t ime should be considered in addition to 
the flood effects of the potential failure of upstream dams. If unregulated floods or dam 
failures could reach other waste storage or burial areas, these should be specifi ed as well. 

Response 

Major dam failures on the Columbia River are classified as incredible events and consequently 
were not analyzed. Also see Vol 1, Section V.2.5. 

Corrment 

The consequences of the fl ooding of buried wastes are evaluated on the basis of the following 
s.implifying assumptions : (1) all uncontained radionuclides are entra ined during the peak 
24 hours of the Co 1 umbi a River flood; and ( 2) a 11 are so 1 ub 1 e and uniformly mi _xed in t o the 
quantity of water equal to 24 hours of peak flow. These assumptions are indeed conservative 
with respect to concentration of solutes (although "uncontained" has not been cl early defined 
and therefore cannot be evaluated) . However, it is possible that the entrai ned soil and sl udges 
will retai n significant fractions of the radionuclides and that they will be moved as parti culates . 
They could settle out in t he streambed and be incoroorated into the long-term bed environment of 
the Columbia River . The potential effects of this possibility should be considered. 

Response 

Particulate sediments in the Columbia River now are monitored and studied. There is no evidence 
that they are an important pathway of exposure to man or biota . Most sediments remain near the 
river bottom and gradually become covered with nonradioactive sediments. 

This matter is discussed in Vol 2, Section II . 3-0.2.1. 
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X.18 COMMENT LETTER (Continued) 

Comment 

There is insuffi cient specific evidence to support the surrmary statements on DEIS page I-6 that 
there are !lQ. harmful effects of Hanford waste effluents on the aquatic ecosystem of the Columbia 
River . Annual counts of the numbers of spawning salmon in the Hanford reach, cited on DEIS 
page II.l-167 as a major criterion of impacts on anadromous fish, are a very remote index to 
thermal, chemical, and radioactive effects on different life stages of salmonids. Other Hanford 
area research not cited has demonstrated that the potential clearly exists under periodic 
conditions of river flow and temperature for lethal exposure' of migrating juvenile salmonids to 
heated discarges. Some of the synergistic effects on salmonids resulting from interactions of 
temperature, disease, nitrogen supersaturation, toxic chemicals, and other influences have also 
been studied in the Hanford area and should be discussed and factually reported. 

Response 

"No deleterious effects to the numbers of or species of terrestrial or aquatic life have been 
observed during 30 years of Hanford operations," as worded, may convey an incorrect impression . 
The important difference is that the statement referred to studies of natural populations of 
Columbia River aquatic life , not to individual organisms. One-hundred percent of the plankton 
organisms taken in with water to cool the reactors were killed during treatment of the water 
prior to its passing through the cooling system. Some fish were also entrained and killed or 
trapped and killed at the _intake structure . However, this mortality wa,s so slight compared to 
the total populations of these organisms in the river, that ERDA ecological studies of natural 
river populations have not detected any changes at the community or population level attributab le 
to reactor operation. 

Comment 

Objection is also made to the statement on DEIS page III.l-59 that "It is reasonable to conclude 
that if there is not a significant impact on salmonids, a significant impact on other species is 
not occurring . " Certainly species differences in distribution, movement patterns, feeding, and 
thermal and chemical tolerances could result in varied response to thermal or chemical discharges . 

Response 

Text Changes Made - Vol l , Section III .1. 3. 2. 3. l 

Comment 

Effects on Wildlife 

Radioactive effluent from N-Reactor operation flows into the 1301-N disposal crib and thence 
overflows into a 1,600-foot dispersal trench. The 100-N trench has been screened to exclude 
game birds and other larger animals, but smaller species such as mice can gain access. 
Section II.3.13.5 and Table II.3-24 of the statement report significant levels of radioactivity 
in mice collected at the 100-N trench. Included in the statement should be a discussion of the 
significance of the observed radionuclide concentrations in small mammals, the potential for 
these animals to enter the food chains of the several species of endangered, threatened, or 
status-undetermined birds of prey utilizing the Hanford Reservation as a refug~. and steps which 
should be taken to eliminate this source of radioactive contamination. In a broader sense, an 
overview of interpretation of the significance of the reported concentrations of radioactivity 
found in various organisms would be useful in understanding the environmental statement. 

Response 

Concentrations of several radionuclides in mice collected in the vicinity of the 100-N trench in 
1973 are orders of magnitude higher than in mice collected in other iocations. Whether the 
levels of radioactivity contained in these mice pose a potential hazard to raptorial birds which 
feed on them is unknown. No data are available on radioactive levels of these birds. A study 
of raptorial populations on the Hanford site in 1973 revealed that raptor nests were scarce in 
the area of the 100-N Reactor and along the southern border of the Columbia River. This does 
not imply that raptors do not feed in this area but the overall impact of these mice is not 
known. Ecological studies are continuing. 
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X.18 COMMENT LETTER (Continued) 

Cornnent 

In Volume 2. DEIS page C-133, it is mentioned that a duck was found in 1969 with an exceptionally 
high concentration of radioactivity and that if one-half pound of the duck were consumed by a 
member of the public. it would have resulted in radiation exposure nine and one-half times 
greater than the pennissible amount recornnended by the International Commission on Radiological 
Protection and the Atomic Energy Cornnission. While it may not be practical to exclude all 
mobile wildlife species. particularly waterfowl. likely to be consumed by man, the Service 
reconmends screening project waters to exclude mobile species, from potentially high contami
nated waters. The type of screening necessary was done on the 100-N trench that is mentioned in 
Volume 1, DEIS page II.3-70. 

Response 

N trench was the primary source of contamination for waterfowl and hence was screened to prevent 
their access. Other ponds are being studied and control of wildlife will be provided if appro
priate. At this time surface water requiring this type of .wildlife control has not been identi 
fied. See response to similar question in X.5 . 

Conment 

Also in Volume (3), DEIS page III-A-102, second paragraph the statement is made "Essentially no 
wheat or pasture land is irrigated with Columbia River water downstream of t he Hanford project. " 
It is our understanding there are many acres irrigated below the Hanford project with Columbia 
River water. 

Response 

Text Changes Made - Vol 1, Section II.3.4 

Actually, only~ few percent of the total downstream acres are irrigated with Columbia River 
water . 

Conment 

The statement fails to mention the basic assumptions used to fonnulate the transport model and , 
therefore, it is impossible to judge the applicability of the model . However, results obtained 
from the model depend on the basic input data which are affected by the factors mentioned above . 
Since they are in question then so are the results predicted by the model. 

Response 

Text Changes Made - Vol 1. Section II . 3.8.2.2 and Section II.3.8.2.3~ and Vol 2, Appendix II.3- 0 

Assumptions Used in the Transport Model 

• The algorithm developed involves a vertically-averaged fonn of the transport equation 
derived by perfonning a mass balance over a finite element of the system. 

• The lateral components of dispersion are negligible in comparison with the longitudinal 
components. 

• Solute t ransport and related chemical reactions occur sequentially within each time 
level of the simulation . 

• The actual kinetic sorption effects can be characterized by a composite of many 
equilibriilm states . On this basis, the fundamental "mass action" law is applied to 
derive an approximate relationship between liquid and solid phases of the micro
components. 

• Water is treated as an incompressible fluid regardless of the ions in the solution. 

• Velocity patterns are not a function of water quality. 

• Chemical conditions in an aquifer are at near equilibrium at all times . 
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• The equations for each microion species are not coupled because they are only present 
in minute quantities. 

• Microions can be added to or lost from the system only through sorption processes or 
radioactive decay. 

• The microions do not affect the macroion chemistry. 

• A microion does not affect another microion . 

• Vertical transport is neglected . 

Corrment 

If inaccurate transmissivity data collected in the field are fed into a transmissivity iterative 
model it will produce an inaccurate transmissivity map . With the inaccurate transmissivity map 
and insufficient knowledge of hydrologic boundaries, a mathematical groundwater model will yield 
inaccurate travel times. Considering the criticism of the reliability and adequacy of data 
discussed in the consultant's reports (refs. 64, 65, 66, and 67, DEIS page II.3-0-83, Vol 2), 
the applicability of results from these mathematical models is suspect. 

Response 

Text Changes Made - Vol 1, Section II . 3.8.2.2 and Section II . 3.8.2.3; and Vol 2, Appendix II . 3-D 

Corrment 

A clear sunrnary of the basic proposal would be helpful at the outset, either on the Surrmary 
Sheet (now a separate attachment) or in the SU111nary, Section I. An adequate and concise surrmar" 
is not now presented until the last page of the draft environmental statement (DEIS page IX-8, 
especially paragraph 2). 

Resoonse 

A surrmary sheet is provided with the final draft. 

Corrment 

Sections II.3 . 11.7 and II .3-6 .8 state that all endangered, threatened, and status-undetennined 
birds found on the Hanford Reservation are raptors . This is incorrect since the long-billed 
curlew is not a raptor. 

Response 

Corrections made . 

X.19 COMMENT LETTER, Mrs . Ray Rodd, 28240 20th Avenue South, Federal Way, WA 98002 

A response was not required. 

X.20 COMMENT LETTER, Betty Lagergren, 208 N. 27th Ave., Yakima, WA 98902 

A response was not required. 

X.21 COMMENT LETTER, Alan Stamwitz, 429 Chenault, .Hoquiam, WA 98550 

Conment 

I feel it is virtually impossible to keep plutonium guarded for tens of thousands of years. 
There is no working solution in the works to recycle plutonium and they are finding many troubles 
and problems in building a successful recycling plant. 
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If this substance were to get into the Columbia River and be digested into the fish, i t 
would be disastrous. A good deal of income comes from fishing in the Pacific Northwest, and it 
should not be ruined by plutonium infected fish. Once it gets into the water then all i s los t. 

Response 

It is planned that plutonium will be recovered from the soils and sent to an approved ultimate 
disposal facility. The environmental evaluation program at Hanford does not indicate dose 
levels that would lead to ill health or death in the area closely surrounding the Hanford site. 
The amount of radioactivity in the Columbia River is monitored and found to be so low that no 
hann will occur to fish or people eating fish. Data are presented in Section II . 1.1. 2. 5. 

X. 22 COMMENT LmER, Zero Population Growth, Los Angeles Chapter, Los Angeles , CA 90064 

Corrment 

Maintenance of national security requires that the solidified hi gh- level waste now in admittedly 
inter im storage at Hanford be expeditiously transferred to one or more deep underground repos i
tories , there to be kept in retrievable fonn . Otherwise , even a si ngle attack with conventional 
or nuclear bombs might disperse radioactive material suffi cient t o render imposs ible neces sary 
maintenance and contro l of the site . While such t ransfer to safer storage is being arranged , 
the government should very seriously cons i de r the t emporary expedient of coveri ng the loca l e of 
the present dehydrated underground tanks wi th several hundred feet of rock and/ or soil . 

Response 

To cover the locale of the present dehydrated underground t anks with severa l hundred fee t of 
rock and/or soil is not practical . Also see Vol l, Section V.2. 5 for a discuss ion of t he cu rrent 
research and development on ultimate disposal . 

X. 23 COMMENT LETTER, North Anna Environmenta l Coal ition, P.O. Box 3951, Charl ottesville, VA 22903 

Corrment 

"Many concerned citi zens will be especially interested in t he al ternat i ve means of handl i ng 
radioactive waste , i nc l uding the al ternatives of not generat i ng any additi ona l rad ioact ive 
was t e. " 

Response 

The alternative of not generating any more waste by shutting down N Reactor was discussed in the 
Alternati ve Section. A waste management program is required for the waste that is already 
generated . An a l ternative that does not require a management program for the already genera t ed 
waste i s not considered reasonable because abandonment of the waste in its current status woul d 
result in unacceptable environmental condi tions . 

Corrment 

How far may the plutonium disposed of in the Z-9 trench migrate during its 250,000 year t oxic 
l i-fe ? 

Response 

Text Changes Made - Vol 1, Section II . 1. 1.4.4 and Vol 2, Appendix II.1 -H 

X. 24 COMMENT LmER, Office of Federal Acti viti es , Unites States Environmental Protect i on Agency , 
Washington, DC 20460 

COlllllf!nt 

The draft statement is incomplete in its presentation of data from supporti ng hydro logic and 
geologic studies (with sufficient documentation and references ) , including the results of any 
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X. 24 C0t+IENT LETTER (Continued) 

soil investigations related to waste retention in the unsaturated zone. The presentation of 
actual data in the draft statement, either in tabular, graphical, or figurative fonn is minimal , 
anQ.i__J_n the case of some maps, essentially illegible. 

Response 

Text Changes Made - Vol 1, Section II . 3.8 and Vol 2, Appendix II .3-D 

The sections on hydrology were revised; additional material and references are now included . An 
entire section on the unsaturated zone was added to Vol 2, Section II . 3-D.3. The presentation of 
tabular and graphical data has been improved. The revisions include conments from consultants 
and on-site contractors. 

Corrment 

The hydraulic interconnection of the confined and unconfined aquifers is not sufficiently discussed 
in the draft statement. There appears to be a clear interconnection, as evidenced by the erosional 
"windows" in the intervening aquitard (DEIS page II.3-435), the potential distribution beneath 
the 200 Area (1) and the tritium concentrations in groundwater from the basalt aquifer (DEIS 
page II.3-D-73). Contrary to what is stated on DEIS page II . 3-38, the water table map presented 
is not adequate to characterize the present state of the unconfined aquifer . A series of flow 
system cross sections and supporting data concerning flow rates, volumes, and water quality are 
also necessary to characterize the existing situation. 

Response 

See response to similar corrment in Letter X.18. 

The discussion on the water table was expanded (Vol 2, Section II . 3-D.4. 2). A geologic cross 
section (Vol 2, Figure II.3-D-13) was added to show the water table elevations at three times 
during the history of the Reservation . 

At Hanford the groundwater velocity vector is perpendicular to the water table contour lines, 
and it points in the direction of lower hydraulic potential . Therefore, for any groundwater 
potential map in an unconfined system, flow paths can be drawn illustrating the direction of 
groundwater movement at that specific time (Vol 2, Figure II.3-D-16) . 

Vol 2, Tables II . 3-D-16, II.3-D-17, II.3-D-18, and II.3-0-19 show extensive water quality data 
for the unconfined aquifer . 

Corrment 

The fifth paragraph on DEIS page II.3-38 incorrectly equates the groundwater potential map with a 
water table map. Discharge from the unconfined aquifer (DEIS page II . 3-41) likely occurs not 
only by evapotranspiration but also by evaporation from either a free water surface (West Lake) 
or by vapor transport from areas having a high water table, as along the Columbia River. Further
more, groundwater introduced into the basalt aquifer in the 200 Areas may discharge by upward 
leakage and movement to the unconfined aquifer and to the Columbia River, or it may move to other 
unspecified areas. 

Response 

Text Changes Made - Vol 2, Appendix II.3-D 

The water table is that surface in an unconfined underground body at which the pressure on the 
water is atmospheric. The water table concept has been revised (Vol 2, Section II.3-0.4.2) 
in the final statement. 

Vol 2, Section II.3-0.4.1 discusses the state of knowledge regarding discharge and recharge areas. 
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Co111nent 

In describing the effects of Columbia River bank seepage (DEIS page II.1-62), the draft statement 
does not consider the wastes retained in the sediments and non-measurable, diffuse discharge from 
the various sources to the river. Only part of the waste transport (by springs) is described for 
the present (1972) and under present hydrologic conditions. The final statement should consider 
other waste fluxes in the springs and the diffuse flow of groundwater from the same sources under 
different hydraulic conditions which are likely to occur in the future . 

Response 

Analysis of different transport rates are planned from the various disposal sites to the river 
under different water table conditions. 

Diffuse flow by its nature moves very slowly allowing time for decay. The impact of diffuse 
flow is therefore less than that of the springs. 

C011111ent 

The discussion of Colwnbia River flooding (DEIS page III . 2-64) considers only erosi on and physical 
transport, whereas chemical transport by river water or by atypical groundwater conditions 
associ ated with flooding should also be considered in the final statement . This should be done 
in analyzing the impact of the various planning floods. such as the Probable Maximum Flood (PMF) 
and the Standard Project Flood (SPF), and also for the lesser floods which may have an adverse 
impact on the wastes. 

Response 

The calculation did not consider the effects of rechargi ng underground aquifers wi th contaminated 
flood waters . Doses received by secondary pathways are not significant when compared to a dose 
received by direct exposure via drinking water . Both are far less significant than the total 
destruction of co111nunities caused by the flood. 

Co111nent 

On DEIS page II . 3-0-65, it i s stated that 90 wells have been drilled to the basalt . The final 
statement should indicate how many wells are drilled into the basalt, t he silts, and the clays of 
the confined aquifer. 

Response 

The silts and clays of the Lower Ringold overlie the top basalt layer. Most wells penetrating 
into the basalt will pass through one or more silt or clay layers. 

Cornnent 

In discussing aquifer characteristics, several statements are made, on DEIS pages II . 3-0-36 through 
II . 3-0-43, relating to input data for assessing groundwater movement. Deju (2) was quite 
explicit about what he thought were inadequacies of the single well (versus multiple well) t ests 
and time duration which could give questionable results, depending on the method of data analysis , 
for transmissivity and permeabil i ty . Resolution of differences between t he values derived by 
Deju and those from AEC contractors for both of these parameters and the impact of changed values 
on the predicted movement of radionuclides should be ful ly exp lained in the final statement . We 
fee l that these additional characteristics are also significant for evaluating any waste disposal 
program involving aquifers and shoul d be included with those stated on DEIS µage II . 3-37. The 
use of single well tests for developing permeabi lity and transmiss i vity data for input to the 
groundwater flow and transport models should be justified in the final statement. 

Response 

The final statement acknowledges that the data base for transmissivity and hydraulic conductivity 
can be substantially improved. A plan has been prepared for improving the data base by conducting 
multiple well pumping tests. This plan is being implemented and will take three to five years to 
complete. 
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Comment 

The draft statement, on DEIS page II.3-0-37, states that the input data necessary for calculat ing 
the storage coefficient were not available and that techniques have not been developed for 
calculating this coefficient. Therefore, we feel that an assumed storage coefficient value, as a 
basis for estimating effective porosity, is not a valid foundation for model development . The 
final statement should include a detailed clarification of these and other bas i c assumptions , or 
indicate if a program i s planned to obtain field-determined storage coefficient values relevant 
to the flow and transport models for saturated conditions. If available, sensitivity analyses 
relating the various parameters to model output should be included. 

Since the storage coefficient is assumed rather than calculated from testing, and the values for 
hydraulic conductivity are in question, we believe that the validity of the computed groundwater 
flow velocities (DEIS page II.3-D-43) is also questionable. Deficiencies in the past and present 
monitoring system, unfortunately, do not permit the calculated velocities to be field verified. 

Respo-,se 

Text Changes Made - Vol 2, Appendix II.3-D 

The storage coefficient is a difficult quantity to measure and requires the completion of multiple 
well pumping tests. Such tests are presently underway. The results of limited sensitivity 
analysis on the unconfined aquifer indicate that the flow in the aquifer is sufficiently greater 
than the rate of storage to make the calculations of hydraulic conductivity and flow velocities 
relative insensitive to the storage coefficient (Vol 2, Section II.3-D.4.4 ). 

Deficiencies in the past and present monitoring system were recognized (Vol 2, Section II.3-D . 7) 
and work is underway to improve that system. 

Corrment 

The statements on DEIS pages ' II.3-D-47 through II.3-0-51, concerning digital modeling of ground
water flow and radionuclide transport in the saturated and unsaturated zones at Hanford are not 
complete enough to permit an independent assessment of the adequacy of the modeling program. 
Limited field data are acknowledged, but model testing using these data still remains incomplete . 
The corrments by Deju (2) and Surrmers and Deju (1) for example, largely disagree with the reported 
state-of-development of the modeling program and the adequacy of the data base as implied in the 
draft statement and stated i n staff discussions with the AEC. Additional information should be 
included to support the state-of-development of the modeling program. 

Response 

Text Changes Made - Vol 2, Appendix II.3-D 

The discussion on modeling has been considerably expanded (Vol 2, Section II.3-D.4.4) . All of 
the models are in the development stage and are presently undergoing review and revisions 
(Vol 2, Section II.3-0.7) . 

Corrment 

The fjnal statement should clearly state whether average or actual travel times and flow veloc
ities are used in all sections of the text (i.e., Figure II.3-D-16 and discussion on DEIS 
page II.3-0-44) describing actual or projected movement of radionuclides in the Hanford sub
surface environment. The first arrival of a radionuclide determined on t~e basis of actual 
velocity is an important consideration in judging the acceptability of waste management operations . 
Reliance on average velocities and necessarily longer travel times may not always be r~alistic 
and may, in fact, be a very non-conservative operating policy with respect to minimizing adverse 
environmental impact. 

Response 

The discussion on travel times has been eliminated from the final statement pending completion of 
1) studies presently underway to examine the model accuracy and 2) tests to enhance data coverage. 
The travel times that are used in various sections are used as arrival times unless otherwise 
stated. 

X-60 



X.24 COMMENT LETTER (Continued) 

Co11111ent 

The environmental suitability of the Hanford reservation as a site for radioactive waste manage
ment activities relies partly on a detennination that the Ringold Formation and Pasco Gravels 
are generally compact and undisturbed. Based on the draft statement, the Pasco Gravels may not 
be compact, as evidenced by their consistently low seismic (P) wave velocities of about 
2,000 feet per second. The reported high load bearing capacity may not indicate compaction, but 
rather could be explained by the point-to-point contact between cobbles. A broader discussion 
of this issue should be included in the final statement. 

Response 

The environmental suitability of the Hanford Reservation referred to in this corrment is in 
reference to the discussion on seismology (Vol 1, Section II.3.7). The statement from this 
section is as follows: "The siting of nuclear facilities over the synclinal troughs introduces 
the maximum distance from all hypothesized faults capable of earthquake generation. If, in 
addition, the Ringold Fonnation and Pasco Gravels are compact and undisturbed, the site is 
certain to pose few prob 1 ems." 

The primary reason for including these two co11111ents in the Environmental Statement is to show 
that in the event a fault occurs beneath the Hanford Reservation, the displacement in the bedrock 
would not be propagated upward through the more than 500 feet of sediments lying between the 
waste management facilities and the bedrock causing ground rupture . The second po int is with 
respect to compaction of the Pasco Gravels . The seismic (P) wave velocities are cons i stently 
low (about 2,000 feet per second), as stated in t he corrment. However, their load-bearing capacity , 
without undue settlement, is high (generally in excess of 6,000 pounds per square foot), even for 
materials directly at the ground surface . The high load-bearing capacity of the Pasco Gravels i s 
attributed to the point-to-point contact between the cobbles , pebbles, -and sand grains. The 
compact nature of the Pasco Gravels, relative to their load-bearing capacity, is the important 
point wi th respect to ground settling rather than the low seismic wave velocity. In the event of 
an earthquake t he sed iments would t end to be quite stable and would not rearrange their struct ure 
significantly . It i s stated in the Environmental Statement, in Vol 2; Appendix II .3-C, that t he 
Ringold Fonnation generally is saturated and the Pasco Gravels co11111onl y are dry . Locally , 
however, the base of the Pasco Gravels is saturated . Consequent ly, the opportunity for rework ing 
and compaction is minima l . 

Corrment 

The draft statement indicates that periodic program reviews (other than Deju and Su11111ers ) have 
been made of the Hanford hydrology program. Specifi c references and results concerning all pri or 
reviews should be included in the final statement . 

Response 

The following consultants used their expertise in some areas. They did not conduct a total 
program review. See Vol 1, Section .II.3.14 and Vol 2, Section II.3-0.7. 

Dr. D. W. Moeller 

Or. R. F. Harleman 

Or. N. T. Coleman 

Or. F. L. Parker 

Dr. C. T. Webster 

School of Public 
Health, Harvard 

Consulting Engineer 
MIT 

U of California 
Rivers i de 

Vanderbilt U 
Nashville 

Fenix & Scisson, 
Tulsa, OK 
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Comnent 

In our opinion. the continuing discharge of chemical and radioactive wastes into a crib and 
trench at the N-Reactor is an environmentally unacceptable practice to follow in a hydrologically 
active regime like a river bank (DEIS page 11 . 1-58). The practice also appears to conflict with 
the intent of the EPA Administrator's Decision Statement No. 5 ("EPA Policy on Subsurface Emplace
ment of Fluids by Well Injection") and Executive Order 11752. The assumption that radioactive 
species. such as strontium, cesium. and cobalt, will accumulate and be retained in the soil 
presupposes no removal by leaching associated from a rising water table concurrent with river 
flood stage or other causes . 

Response 

Environmental monitoring programs are conducted to evaluate the impact of this practice on the 
population. The doses . to people in the environment are only small fractions of background 
radiation levels . Monitoring programs do not detect any leaching of this crib material due to 
river flood stage conditions. 

Conrnent 

Liquid effluents discharged to ponds and cribs on the Hanford site are reported in the draft 
statement as being generally low in radioactivity (<0.05 ~Ci/ml), except for tritium (DEIS 
page II.1-88) . It is important to recognize that both the concentration and volume need to be 
considered in assessing the total impact of radioactivity discharged to the environment . The 
final statement should clarify this situation and present both concentration and volume data 
where applicable. Justification for the continued use of the cribs, despite the criticism by the 
National Academy of Sciences study (5). should be made . 

Response 

Total releases from the plant since startup, (decayed through 1972) for nuclides of interest. are 
presented in Vol i. Table II. l-C-23. 

The environmental impacts resulting from all waste disposal methods used are smallr 2. 5 man-rem 
dose from 1972 operations. The alternatives to continued crib use are presented in Vol 1, Sec
tion V. 3. 2 entitled "Liquid Waste Treatment Alternatives" and in the Cost-Benefit Analysis in 
Vol 1, Section IX. 

CoTTment 

Disposal of intermediate and low-level wastes in the 200 Areas, where high-level wastes are also 
stored, may create ground-water mounds and unnatural groundwater flow directions. This complicates 
the prediction of the flow directions for future operations should alternatives for handling low
and intermediate-level wastes be adopted. This situation should be recognized and addressed in 
the final statement. 

Response 

Text Changes Made - Vol l, Section 11.3.8 and Vol 2, Appendix Il .3-0 

The situation noted has been recognized and is the reason for the extensive modeling effort . 

Conrnent 

The chemical quality of ground water in the unconfined aquifer is not adequately monitored if, as 
indicated in the draft statement. only 14 analyses per year are collected on a semi-annual basis 
from eight (unspecified) locations, and incomplete analyses are performed. The presentation of 
chemical concentrations near the surface of the unconfined aquifer is necessary for characterizinn 
an adequate flow system. Therefore, the steps to be taken to rectify this apparent weakness in 
the monitoring program. including a more complete chemical cation and anion analysis (sodium, 
potassium, calcium, magnesium, bicarbonate. carbonate, chloride, sulfate and nitrate), should be 
discussed in the final statement. 
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Response 

Text Changes Made - Vol 2, Section II.3-0.4.5 

Con111ent 

Only part of the waste discharge pennit applications (DEIS pages II.l-148 and II.l-150) are 
shown in Appendix II.1-0. Not shown are details concerning concentrations, flow volumes, and 
chemical species discharged . The practices described on DEIS page V-47, concerning chemical 
release to the Columbia River, are not acceptable to EPA and will have to be changed under the 
conditions of the forthcoming EPA pennit to be issued under the National Pollutant Discharge 
Elimination System. Effluent limits for nonradioactive waste and an effluent monitoring program 
will very likely be required. The final statement should indicate that any changes in waste 
treatment practices needed to meet EPA pennit requirements for the discharges described in 
Appendix D will be made. 

Response 

The discharge pennit has been submitted to EPA Region 10 for review. The ERDA is working with 
the EPA during the review to meet pennit requirements. 

Con111ent 

The maps provided on DEIS pages II.3-44, II.3-46, and II . 3-47 are useful in depicting the general 
location of the chemical discharge plumes extending from the recharge areas. However, we fee l 
that several large areas have not been adequately monitored, hence the shape and extent of the 
plumes are interpolated. The final statement should include the sampling methods utilized and 
should present the data obtained so that reviewers can reach a decision as to t he adequacy of 
the groundwater monitoring program. 

Response 

Text Changes Made - Vol 2, Section II.3-D.4 .5 

Con111ent 

At various places in the draft statement, movement of radionuclides towards the Columbia River 
from the 200 Areas is mentioned, but it is not clear what constituents are reach i ng the river 
now, have reached it i n the past, or will reach it in the future . An earlier report by Brown 
and Haney (6) stated that six to seven percent of the ruthenium and 70 percent of the tritium 
from the 200-E Area reached the ri ver . Lesser quantities were attri butab le to the 200-W Area . 
The final statement should provide i nformation on the quantity of ruthenium that is in an i onic 
fonn. which is not retained i n the soil (DEIS page II .1-90), an estimate of the quantity of 
ruthenium, tritium, and nitrate in the ground water, the time of introduction, and the concen
tration. 

Response 

The transport forecast was sU11111arized in Vol 1, Section II .3.8 and Section III .1 . 1 and Vol 2, 
Appendix II . 3-0. The fact that no measurable fluxes from the 200 Area plumes enter the river is 
mentioned . The Brown and Haney report i s misquoted. It actually said less than 1% of the 
ruthenium and 70% of the tritium from the Purex cribs enter the river . The trave l ti me assumed 
tn _1958 was 6 to 7 years , which has been shown since to be 18 to 30 years . 

Estimates of the inventory of ruthenium, triti um, and nitrate ion in the saturated groundwater 
of the unconfined aquifer are given in Vol 1, Section II . 1. 1. 4.3. The t i me of introduction is 
covered by the operati ng histories of the various disposal facilities, summari zed in Vol 1, 
Section II. 

Table Il.1-8-7 fn Vol 2 contains estimated inventories from the 100 Areas cooling water l eakage 
and disposal operations. Vol 2, Table II . l-B- 9 presents the es timated discharges to the 
100-N Area crib. Input chemical concentrations to the 300 Area pond are in Vol 1, Table II.1 -26 . 

Quantities of radionuclides discharged to each disposal site associated with the 200 Areas are 
tabulated i n a series of reports "Radioactive Liquid Wastes_Qischarged to Ground . . . " ARH-2757. 
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Conment 

Estimates of gross beta, tritium, and nitrate quantities in the zone of saturation (unconfined 
only), as described on DEIS page II.1-130, are based on the ass1.t111ption that concentrations at 
the water table are representative of the aquifer on the whole. This assumption should be sub
stantiated in tenns of other available data, as it presupposes complete mixing, no density 
stratification, and does not deal with the three-dimensional aspects of the groundwater flow 
system. The presence of tritium in the basalt aquifer, for example, is indicative of possible 
deep downward and lateral movement of radionuclides. 

Response 

The radionuclide concentrations found at or near the water table are the highest probable 
concentrations to be found in the aquifer. Such a conservative assumption allows the study of 
the "worst possible" case. Also see reply to similar comment in Letter X.18. 

Conment 

The · illustrations shown on DEIS pages II . l-131 through II . 1-133 are not legible enough to allow 
the reviewer to identify specific well locations. Concentration values from the individual 
wells which were used to create the maps should be provided in the final statement. In our 
opinion, it may be of more value to a reviewer to show contour lines or isopleths drawn on 
actual values for the delineation of zones rather than defining the zones as representing a 
certain percentage range of the Concentration Guide. 

Response 

Text Changes Made - Vol 2, Section II . 3-D.4 . 5 

A table of concentrations are provided in Vol 2, Section II .3-D .4.5 and contours are labeled on 
the maps . 

Corrment 

Variations in concentrations at sampling points should also be stated to indicate variability in 
the system through time as well as space. Concentrations of radionuclides in groundwater beneath 
solid waste disposal sites in the 100 and 300 Areas appear to be missing from Table II.1 - 7 on 
DEIS page II.1-135 and should be included in the final statement . 

Response 

All concentrations in groundwater are reported in Vol 2, Section II.3-D .4.5. Historical data are 
voluminous. Solid waste sites are being studied for radionuclide migration. 

Conment 

The draft statement (DEIS page II.1-156) discusses the usefulness of the nitrate ion as an 
indicator of the extent of the radioactive waste plume. However, since nitrate is already 
present in several parts of the Hanford Reservation from past agricultural activities, it may 
not be possible to rely on nitrate ion measurements as being valid indicators of radioactive 
waste concentrations in the subsurface . The final statement should discuss the continued use
fulness of the nitrate ion as an indicator. 

Response 

While recognizing the shortcomings of each, all indicators that are available are used. Some areas 
of nitrate ion in groundwater did not originate from Hanford operations; however, some nitrate 
ion was associated with most Hanford liquid waste discharged to ground. Since the nitrate ion 
moves without retention or hold-up in the groundwater system, it is a reasonable indicator of 
liquid waste movements . 
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CoR111ent 

The presence of tritium in the confined aquifer(s) (DEIS page II.3-0-73) raises the possibility 
of either migration or modern recharge (since 1952) and would indicate the confined aquifer is 
part of a dynamic system. Therefore, the final statement needs a more complete explanation in 
tenns of radionuclide migration in the subsurface and should also indicate on a map the location 
of the well which reportedly has the highest concentration (well 299-Wll-2-P). 

Response 

The confined aquifer is a dynamic system with some artesian wells . Tritium was found in some 
wells penetrating this aquifer. Well 299-Wll-2-P shows the highest concentration and is located 
in the north central part of 200 West Area. 

CoR111ent 

Leakage from the 100-N Area disposal trench and crib may occur as both localized spring flow 
(seepage springs) and as general baseflow or diffuse ground water return flow . The statements 
on DEIS page II.1-5, and elsewhere in the draft statement, do not consider the latter mechanism 
for this area (100-N), the other 100 Areas, or the 300 Area . The final statement should consider 
this other pathway mechanism. There is also a need for more quantification of the mass or 
activity transported in waste materials, both radioactive and nonradioactive, from the AEC 
reservation to the river . Uranium from the 300 Area North Pond and fann wastes from the 100-F 
and 300 Areas are currently measured and reported at the source trenches and ponds rather than 
as a quantity being released to the river. Reliance is apparently placed on the detection of 
radionuclides in the river water or substrate and, therefore, dose assessment analyses take ful l 
advantage of dilution by the river. The presentation of only 1972 data for the 100-N, 100-F and 
300 Areas (DEIS pages III . 1-7 III.l-9) may be inadequate unless it can be shown that these are 
representative of past and projected conditions. In addition, the time it took the radioactive 
materials to reach the Columbia River (DEIS page II.l-141) should be included . 

Response 

Text Changes Made - Vol 1, Section V.3 . 2.l 

Measurements of activity entering the river at 100-N Area were made at the several river bank 
springs and at well points between the cri b and the river . The dose calculations used a va l ue 
integrated from t hese measurements. The uranium concentrations from the 300 Area pond exceed 
the natural background uranium in the river (about l ug/t) very close to the 300 Are~ river 
shoreline , are diluted very quickly, and cannot be detected above background at the Hanfnrd 
Reservation boundary. 

The dose calculations were based on estimated fracti ons of disposed materia ls that reached the 
river rather than on diluted river water analysis. These quantities are highlighted in Vol 1, 
Tables III.1-3 and III.1-4. Although the plutonium values actually were less than values used , 
for the purposes of dose calculations the plutonium values shown in the tables were conserva
tively assumed to be positive values. Also see Vol 1, Section V.3 .2. l. 

Comment 

Wastes beneath the cribs and trenches are presented as being fixed in place. This, however , 
would not appear to be the case, since gravity drainage 07 the soils will continue to occur , 
admittedly at a very low rate, which eventually will continue to approach an equilibrium state. 
The draft statement does no t appear to present enough infonnation for the quantitative or semi 
quantitative analysis of water and chemical transport through soil beneath the cribs for eva luat
ing either the present situation or for predicting future behavior . The draft statement indicates 
a downward migration at Crib 216-S (DEIS page 11.1 -C-84) of both cesium-137 and strontium-90 
some t en years after use of the crib was discontinued. This would indicate that these nucl ides 
are not tightly bound to the soil column and could present a significant future impact. The 
causes of this migration, its estimated rate, and evaluation of the migration at other sites 
needs further discussion in the final statement. 
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Response 

The 216-S-1 and -2 Cribs referred to in this conment were first studied in 1956. At that time 
three of the shallow wells located at ·this site were deepened, and six research wells were 
drilled through the contaminated sediments around this disposal site. In 1966, ten years after 
the first field exploration at the 216-S-1 and -2 Crib sites, five additional wells were drilled 
to determine the extent of radionuclide redistribution. This facility was in service from 
January 1952 until January 1956. During this four-year per1lrd, approximately l to 5 x 108 liters 
of waste liquid were discharged into the ground through the bottom area of this excavation . As 
a result of this large volume of waste being discharged into the ground, the entire sediment 
column beneath these cribs was nearly saturated. At the time the crib was removed from service, 
the moisture that was in the ground continued to migrate under gravity drainage toward the 
underlying water table. As time progressed, however, the amount of moisture that was moved 
toward the water table diminished. The logging data from the study that was made during this 
10-year period indicated that very little change had occurred in the distribution of radionuclides 
within the sediment column beneath this crib site. The change in radionuclide distribution shown 
in Vol 2, Figure ll . l-C-34, beneath the 216-S-l and -2 Cribs was made based on the data from 
wells drilled through the cribs in 1956 and 1966. The data from these field investigations show 
that greater than 99.9 percent of the strontium and cesium curies discharged to this disposal 
site are contained within the first five to ten meters below the bottom of the two cribs. 

The study also showed that small yet measurable amounts of strontium and cesium were moved down
ward from the zones of high concentration inmediately below the crib to points deeper in the soil 
column. However, several explanations were given for the possible movement of these waste 
liquids or the higher concentrations at the lower depths. One explanation given was that perhaps 
liquid waste had channeled down one of the well casings to a deeper depth, with lateral spreading 
taking place above the caliche horizon known to be present there. Another explanation was that 
the liquid wastes containing very, very low concentrations of cesium and strontium were selectively 
exchanged on minerals present in the sediments at the greater depths • 

The investigation further pointed out that the movement of moisture downward during the period of 
1958-1959 was about 1.5 meters per year; but from 1959 to 1963, a 4-year period, the average rate 
dropped to about 0.9 meters per year. From 1963 to 1966, a 3-year period, the downward rate 
averaged less than 0.5 meters per year. It was stated in the original investigation that although 
these data are only approximate, they do show that the rates of movement appear to be decreasing 
with time, as would be expected with the drying out of the sediment column. Until the moisture 
content in the sediment column reestablishes the moisture contents existing in the sediments 
prior to disposal, the moisture and the radionuclides will continue to redistribute themselves 
within the soil column. However, this redistribution is expected to be so small as to be 
undetected by standard monitoring techniques. At other disposal sites where limited volumes of 
waste are discharged to the ground, referred to as specific retention sites, the waste liquid 
enters the sediments and moves laterally and horizontally through the dry sediments. The moisture 
content in these sediments is changed so slightly that the radionuclides are referred to as being 
fixed in place. Examples of specific retention disposal are cited in Vol 2, Appendix Il.1-C, 
Part 5. 

Cormient 

It appears from the draft statement, that there is no post-disposal monitoring performed within 
the soil profile, thus waste fixation in partially saturated soil is calculated on the basis of 
routine laboratory results rather than field observations. Apparently, field observations are 
limited to accidental spills, monitoring of radionuclides in the water table, and exploratory 
drilling/testing to determine antecedent conditions. The final statement should include a more 
detailed description of the waste volumes present in the unsaturated zone and their future 
environmental impact under various hydrologic conditions. Information on the distribution of 
radionuclides beneath two cribs (DEIS page II.l-C-81) may not be representative of all cribs 
used, and therefore, additional documentation is necessary. 

Response 

Geological studies of the Hanford site have provided information on the properties of the soil 
profiles at the waste disposal sites. Continuing field monitoring of groundwater levels and any 
contamination level found in the groundwater provide confirmation that the disposal sites are 
performing as anticipated. All wells monitoring liquid waste disposal sites are logged with a 
neutron probe to detect moisture concentrations in the sediments as a function of depth and with 
a scintillation probe to determine the 1ocation and concentration of ganma emitters. Data from 
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these studies are evaluated and the movement of moisture down through the partially saturated 
sediments and the redistribution of the garrma activity as a function of depth are monitored. 
The volume of waste liquid discharged to the ground at 42 of the major disposal sites, together 
with the curies of activity released, are given in Vol 2, Appendix II.1-C, Part 5. 

Models to predict potential long-tenn movement of the water table levels· and transport of radio
nuclides in groundwater continue to be developed and tested with the available field monitoring 
data. 

Comment 

The radioactivity estimate above the water table as presented on DEIS page II.1-129 may represent 
but a small fraction of the total inventory in the unsaturated zone. In liquid waste disposal 
areas, use has been made of the entire unsaturated soil column for radionuclide storage, yet the 
inventory in only the lower SO feet has been calculated. A complete inventory of the entire 
unsaturated zone, including changes observed in the past and also any projections made for the 
future, should be included in the final statement. 

Response 

The data requested are provided in Vol 1, Section II.1.1.4.2. Also in Vol 1, Section II.1.1 .4.3 
is a special discussion of the inventory of radionuclides to be found within SO feet of the 
water table . 

Corrment 

To allow reviewers to form a clearer understanding of the environmental effects of past waste 
management practices, the final statement should state what cribs, by area, were used to the 
point of "break through" and indicate any studies which have been made to verify that the radio
nuclides are still bound to the soils near the point of entry to the groundwater system. The 
final statement should also explain how such binding will be affected if the water table rises 
or falls . and describe the continuing monitoring program which will be used to confirm the 
conclusions reached concerning the environmental acceptability of the use of these cribs. 

Response 

Twenty-one cribs were used for a suffi ciently long time that long- lived radionuclides such as 
stronti um, cesi um , and uranium, were detected in the groundwater collected from wells drilled 
adjacent to these disposal facilit ies . Sampl ing of the groundwater at each of these sites 
continued un til the concentration of the radionuclides was below the routine detection limit . 
When the radionuclides are no longer detectable in the groundwater samples adjacent to the site, 
sampling is continued for approximately a year and a half . Laboratory tests have shown that the 
long-lived radionuclides reaching the water t able are exchanged on the sediments beneath the 
water table in the saturated zone and that these radionuclides do migrate slowly with the 
groundwater. At one of the major crib sites studied, the 216-S-l and -2 Cribs, samples of 
sediments below the water table were collected and placed in columns in the laboratory for 
leaching tests. The results of this study show that after passing 50 column volumes of ground
water through the sediment samples, only 11% of the 137Cs is removed. Continued leaching of 
these sediment samples by more than 500 column volumes of groundwater removes an additional 
4% of the cesium. For 90Sr, the data show that after passing 50 column vol umes of groundwater 
through the sediments, 4% of the strontium is removed; 500 column volumes removes an additional 
27% . Vol 2, Appendix II. 1-C, Part 5, contains an inventory estimate of the radionuclides in the 
sediments at various distances above the regional water table. The water table elevation on the 
Hanford Reservation is monitored monthly and a careful check is made to determine the possible 
number of long- lived radionuclides that could possibly be inundated at any point in time. The 
groundwater throughout the Hanford Reservation is also monitored monthly or quarterly to deter
mine radiqnuclide ·concentrations. 

Corrment 

The average flow velocity from the 1301-N Crib to the River Bank Spring is stated in Table II.3-0-13 
as 10.8 ft/day. The distance from the crib to the bank is given as 800 feet (DEIS page II.3-D-51) , 
indicating a computed travel time of 74 days. However, the minimum travel time is stated as two 
to four days on DEIS page II.3-0-51. This disagreement in travel time values should be resolved 
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in the final statement, and any other calculations based on this value should be reviewed to 
determine whether they are significantly affected . 

Response 

There is nothing inconsistent with the reported travel times for effluents discharged to the 
N Crib. Twenty percent of the effluents reach the river in 2 to 4 days, and a total of 50% 
of the effluents reach the ~iver in 4 to 10 days. There are also some portions of the effluents 
that reach the river through flow paths that take as long as 20 years to reach the river. With 
50% of the effluent taking more than 10 days and some up to 7,000 plus days, it is not 
unreasonable for the average flow velocity to be 10 . 8 ft/day resulting in an average flow time of 
74 days . The "3 to 5 days minimum" statement was in error since it should have been "2 to 4 days 
minimum. " Twenty to fifty percent of the discharge does flow to the river in a time period of 
less than 10 days. 

Comment 

The distinction between liquid, sludge, and salt cake should be specified in the final statement 
in terms of liquid content and activity . For example, on DEIS page II.l-80 , salt cake is referred 
to as an immobile solid, whereas on DEIS pages II . 1-70 and II.1-86, salt cake is depicted as 
being partly liquid and mobile if a tank fails . 

Response 

Liquid is 
occurs in 
After the 
occupying 

Comment 

used in its normal dictionary sense . Sludge is a thick but fluid materi al. Salt cake 
various states. When first formed it contains considerable fluids and has some mobi li ty. 
interstitial fluids have been removed, salt cake becomes more plastic in nature slowly 
the space available to it but not fluid in the sense of flowing . 

In the case of the SX tank fann, tanks too leaky or weak for sluicing are being used for waste 
storage (DEIS page II.1-70). Since the sludge contains a high percentage of liquid , changes in 
the liquid level are used for monitoring leaks (DEIS page II.1-78), the f i nal statement should 
evaluate the environmental impact of continuing to use such weakened tanks for any waste storage . 

Response 

Text Changes Made - Vol l, Section II.l.l .2.2. 3 

Also see Section 11.1 .1.2.2.2 . 

ColTITlent 

The discussion of in-tank solidification (DEIS page II.l-86), states that gravity drainage of a 
"salt cake," which contains 30 percent interstitial liquid, can proceed for a time period of 
many years, hence the pumping endpoint (for interstitial liquors) is understandably indefinite. 
It is further stated that when the maximum amount of liquid is removed from the tanks filled 
with salt cake from the ITS system, the tank is considered stabilized for interim storage. The 
final statement should discuss how much liquid is expected to be present in the tanks at the 
time they are considered stabilized, and what environmental threat this liquid poses if tank 
integrity is lost. 

Response 

Text Changes Made - Vol l, Section II.1.1.2.2.3 

Comment 

On DEIS page II. 1-7, it is stated that the SX farm tanks are enclosed by a complex of vertical 
and horizontal dry wells; yet, on DEIS page II.1-87, i.t states that these tanks have external 
leak detection systems rather than a network of dry wells. This apparent discrepancy should be 
resolved in the final statement. 
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Response 

Text Changes Made - Vol l, Section II.l.1.2.2.3 

Comment 

The final statement should discuss the difficulties involved in accurately measuring liquid 
levels in materials with a very high solids content and whether such levels can be reliably used 
to characterize the true hydrostatic head throughout the tank . 

Response 

Text Changes Made - Vol l, Section II. 1.1.2.2.2 

ColTITient 

The draft statement indicates that new storage tanks will be built for storage of salt-cake, bu t 
lacks sufficient discussion concerning actions to further process the salt-cake into a safer, 
more manageable and retrievable fonn . The draft statement does not clearly state what the AEC 's 
intentions are relative to the conversion of the high-level waste to a fonn suitable for ultimate 
disposal. Therefore, since assurance that the high-level waste is in a fonn suitable for final 
disposal is mandatory for protection of public health and the environment, we believe this issue 
should be discussed in more detail in the final statement and an indication given of when 
conversion to a final fonn will be accomplished. 

Response 

This statement was not intended to address the . ultimate disposal options in detail. An expanded 
section on ultimate disposal has been added (Vol 1, Section V.2.5). 

ColTITient 

On DEIS page II . 1-55, it is stated that solid waste burial ceased in the 100 Area in 1973. The 
final statement should descri be the wastes (type, activity) which are still buried there. Stat e
ments on DEIS pages II . l-58 and II.1-59 indicate that solid was tes from the 100-N Area are 
present in other 100 Areas. The final statement should al so indicate the locat ions of these 
wastes as wel l as quantities by speci es and their proximity to the maximum and mean water table. 
These wastes are apparently located in what seems to be a ground water discharge area which woul d 
be characterized by a net upward migration of the water, either as vapor or, less likely, as 
liquid. The possibility of this occurrence and the effect on upward mi gration of wastes by 
diffusion or convective transport should be evaluated in the final statement. 

Response 

Waste inventories, by radionuclide, and locations for the 100 Areas are presented in Vol 2, 
Appendix II.1-8. 

Geological studies and hydrolbgical studies in both the 300 Area and 100-N Ar~a disposal areas 
are continuing to detennine the characteristics of these disposal sites in greater detail. 

Distance to groundwater for the 100 waste disposal si tes range from 30 to 65 feet. The ongoing 
environmental surveillance program includes detection of any movement of these materi als into the 
Columbia River or the atmosphere . Also see Vol 1, Section II . 1.1.2.5. 

Co11111ent 

Solid wastes and solid residues from liquid wastes in the 300 Area as well as in the other reacto r 
areas (DEIS page II . 1-60) including the N-Reactor, present a large (DEIS page II. 1-26) potential 
source of contaminants to the ground water and to the Columbia River . The vertical distance 
from the river, as well as the hydrologic characteristics of the interveni~g sediments , should 
be detailed in the final statement for these sites. An evaluation should be made of the 
susceptibility of the buried materials to not only erosion and phys ical transport, but also to 
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dissolution and convective movement in flood water or ground water . In particular, the effects 
of a rising water table, associated with maximum river stages or other causes, should be 
considered in conjunction with an assessment of waste solubilities. Monitoring programs 
associated with the tenninated cribs, trenches, ponds, burial areas, and contaminated facilit i es 
in the inactive (100) Areas should be described in the final statement along with actual data 
from such programs. 

Response 

Text Changes Made - Vol 2, Appendix II.3-D and Appendix III-G 

C011111ent 

On DEIS page II.1-128, the draft statement indicates that the 1.9 x 10 5 grams of plutonium 
disposed of as liquid discharge to the soil represents 11,647 Ci. The final statement should 
indicate whether this plutonium is uncontrolled and irretrievably discharged and, if so, what 
the long-tenn environmental implications are for this amount of plutonium contained in the soil . 

Response 

Text Changes Made - Vol 1, Section II . 1.1 .4.4 and Section II . 1.1.25 and Vol 2, Appendix II .1-H . 

Corrment 

Since land containing transuranium waste is considered unusable for hundreds of thousands of 
years, an important aspect of waste management is control over such contaminated areas. The 
final statement should list those specific land areas which contain transuranics in soil or 
sediments in such fonns and quantities that long-tenn control and surveillance is required. 

Response 

Text Changes Made - Vol 1, Section II .1.1.2.5, Section II . 1.1 . 4.4 and Section V. 2. 5; and 
Vol 2, Appendix II.1-H 

Sites on the 200 Area plateau within the 200-W and 200-E Areas are the designated locations for 
disposal of transuranic waste. Characterization studies are being made of other Hanford disposal 
sites which have received transuranic waste in the past. The largest inventories of plutonium 
waste are within the 200-W and 200-E Areas. The locations and sizes of all disposal sites are 
given in Volume 2 after the recovery of plutonium at some future date as part of the ultimate 
disposal plan. Control and surveillance will no longer be necessary . 

Corrment 

Although recovery from some specific sites was mentioned in the draft statement, a more compre
hensive plutonium recovery program seems to be a possible alternative to the current program. 
The attendant disadvantages and advantages of each approach, insofar as they can be estimated, 
should be presented in a discussion of these alternatives. 

Response 

Text Changes Made - Vol 1, Section II.1.1.2.5 and Section II.1.1.4.4; and Vol 2, Appendix II.1-H 

Corrment 

Since tran~uranium-contaminated solid wastes have only been buried since 1970 in readily 
retrievable, contamination-free packages, (DEIS page II.1-97) more infonnation should .be supplied, 
in the final statement, concerning those transuranic wastes buried prior to 1970 in nonretriev
able fonn. This infonnation should include the long-tenn surveillance plans, ground water 
monitoring facilities, and the environmental impact resulting from leaving the wastes buried or 
recovering the wastes and repackaging them for shipment to a Federal repository. 
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Response 

Text Changes Made - Vol 1, Section II.1.1.2.2.6 and Section II.1.1.2.5 

Also see response in Letter X. 18 

Cormient 

There are three burial grounds·mentioned (Table II.l-E-1) in the 300 Area which are reported to 
contain fission products and plutonium (No. 1, 300 North and 300 Wye). The depth of the water 
table beneath these sites varies from 41 to 65 feet. The final statement should discuss the 
quantities of plutonium buried at these sites and also what potential exists for ground water 
contamination or translocation of the wastes to the surface due to loss of integrity of the 
packaging, and in addition, if any of these burial grounds contain liquid wastes. 

Response 

The estimated quantities of plutonium in these sites are 1500 grams in 300 Wye and 500 grams i n 
300 North burial grounds. Groundwater monitoring has shown plutonium is not in the groundwater 
at these locations. 

Detailed characterization studies of these disposal sites are continuing; these include, but are 
not 1 imited to: 

• 
• 

Ground penetrating radar surveys 

Acoustic profiling surveys 

• Acoustic refraction and reflection surveys, using accelerometers, geophones, and 
hydrophones to obtain subsurface geophysicaJ data 

• 

Co111Tient 

Four instrumented wells have been installed for monitoring sediment fluid potenti al, 
sediment density and fluid migration. 

The approach taken in the draft statement makes it difficult to identify the benefits of the 
program. Only a small portion, $265,000, out of a total of approximately $42,000,000 is 
apparently to be spent on improvements that will reduce populati on dose contributions for nonnal 
operations. The remaining expenditure is to improve radionuclide containment in facilities tha t 
" . . . are already contributing essentially zero population dose" (DEIS page IX-4). Therefore, the 
major costs of this program are not identified with reduced environmental factors, but are 
conmitted to a reduction in the potential for future leaks or accidents that could have environ
mental consequences . . Reduction of environmental risk is of course a benefit of a waste manage~ 
ment program; however, there is little discussion of this. Where benefits are referred to, they 
are discussed in the context of continuing the isolation of radioactive materials from man's 
environment (DEIS page I-3) or of maintaining control over waste materials (DEIS page I-11) . 

Response 

Text Changes Made· - Vol 1, Section IX 

Conrnent 

EPA believes that there is justification for upgrading waste management facilities at Hanford, 
but believes that the need for this upgrading could be better substantiated. An approach which 
would better identify benefits and facilitate the comparison of benefits and costs of alternative 
programs should be presented in the final statement. 

Response 

Text Changes Made - Vol 1, Section IX 
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Co11111ent 

Although the AEC has discussed the alternative programs for waste management, EPA does not 
consider the discussion of their merits to be adequate to justify the choice of the particular 
upgrading program being undertaken. This weakness stems at least partially from the inadequate 
treatment of benefits. However, even if the benefits (possibly defined to be a standard minimum 
level of environmental damage and a standard reduction of potential for future damages) were 
treated as given , alternative programs that meet these standards could be compared on a cost 
basis, with the least cost alternative being the preferred choice. 

Response 

Text Changes Made - Vol 1, Section IX .3 

The alternatives were compared on the basis of their cost, time to implement and dose reductions 
to be realized. The low dose resulting from the current program and consequently the low dose 
reductions that might yet be achieved have led to co11111ents requesting other means for comparison 
and choice. The cost-benefit table was expanded to include land usage and total curies released 
to the environment to provide some additional comparison parameters . 

Co11111ent 

The brief discussion of the operating costs on DEIS page IX-2 does not indicate whether the 
35 million dollars per year operating costs refer to the incremental costs of operating the 
upgraded waste management facilities, or whether they refer to something more than incrementa l 
costs. · In either case, any increment to operating costs that are incurred in the use of any of 
the alternative programs for waste management should be included as a cost of each alternative. 
Since these incremental costs will continue into the future, their discounted present value must 
be added to the capital costs of each alternative before the cost of these alternatives are 
compared. 

Response 

Text Changes Made - Vol 1, Section IX 

Comment 

The discussion of land use does not explicitly state that there are changes in land use commi t 
ments associated with different waste management programs. All changes in land use, associated 
with alternative waste management programs, should be included as a part of the costs of each 
program. 

Response 

Text Changes Made - Vol 1, Section IX 

Comment 

The concepts and models for trre SO-year dose commitment values listed in the draft statement are 
not adequately described. The model can only be inferred from equation 24 and three lines of 
text on DEIS page III-B-23 and- from the concluding paragraph on DEIS page III-8-14. The dose 
calculated is the total dose to an individual over a SO-year period following the accumulation of 
long-lived nuclides within the body during the subject year of operation. While this integrated 
dose represents the total impact on the present population for the year's operation, it differs 
significantly from the EPA concept of an environmental dose co11111itment which considers the 
persistence and buildup of long-lived nuclides in the environment. The final statement should 
include a detailed discussion of the concepts and assumptions used to detennine the SO-year dose 
co11111itment for the various nuclides. 

Response 

Text Changes Made - Vol l , Section III.l.1.8 
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Appendix III-8 discusses model and calculation methods. Several pages are used in the develop
ment of Equation 24. The EPA presented an environmental dose concept in EPA Document -
520/4-73-002, Environmental Radiation Dose Commitment: An Application to the Nuclear Power 
Lndustry, issued in February, 1974. An estimate of the Environmental Dose Conmitment using all 
of EPA's assumptions and calculation methodology has been added to the final draft. 

Comment 

Section III.1.1.1 indicates that maximum release from routine operations can be expected to occur 
during the 19BO's, yet doses from routine releases are calculated based on 1972 data. The final 
statement should indicate calculations based on projected levels for the 1980's. 

Response 

The increase referred to amounts of less than 10-6 mrem/yr from the 200 Area plume due to total 
tritium influx into the Columbia River in the 1980s. 

Comment 

In addition, the final statement should include dose estimates resulting from tornadoes, earth
quakes, equipment-failure accidents, and a ruptured upstream dam, such as the Grand Coulee. 

Response 

The statement discusses the environmental impacts of a range of credible accidents. 

The consequence of tornadoes, earthquakes, and equipment failure fall within the range of 
consequences calculated. The rupture of an upstream dam is not viewed as a credible event by the 
Corps of Engineers or ERDA and, hence, is not considered . The consequences of a 1.44 x 106 cfs 
flood are considered·. A calculation of the dose if the radionuclides were through some mechanism 
released to the Col umbia River is provided in answer to a question in X.25. There are no 
creditable mechanisms to give rise to such a release . 

Comment 

The iodine-131 dose conversion factors calculated for inhalation, based on the age dependent 
parameters presented in Table III-A-5, were compared wi th those in Table III-A-6, and with those 
in the Environmental Analysis of the Uranium Fuel Cycle Part II (EPA-520/9-73-003) Table 40. The 
following table presents this comparison. 

Age 

6 months 
1 year 
4 years 
14 years 
Adult 

Inhalation Dose Conversion Factor 
(mrem/yr per pCi/m3) for -Iodine-131 

Calculated from 
Tab 1 e I II -A- S 

17.9 
10.6 
8. 57 

10.4 

Table III-A-6 

12 . 5 
8. 07 
6. 76 

10 . 6 

Table 40 
(EPA) 

17. 

42. 
15 . 
8.8 

Although the differences between the EPA and AEC dose conversion factors might be explained by 
reasonable differences in the selection of t he breathing rates, fractional uptake, effective 
half-lives, and organ masses for the various age groups not specified by the ICRP, NCRP or FRC , 
the internal inconsistencies between III-A-5 and III-A-6 should be explained in the final state
ment . 

Response 

The thyroid dose factors originally listed in Tables III-A-6, 7, 8 and 24 were not those used in 
the dose calculations. The current values are indeed those which can be derived from parameters 
in Vol 2, Table III-A-5 and footnotes to Tables III-A-6, 7 and 8. 
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The latter three tables have been corrected. The values in the program listing and sample runs 
were not changed but were footnoted to refer to the new correct values. 

C011111ent 

Only two age groups are presented in Table III-A-13, a 2-year-old and an adult. These values 
appear to be the ones actually employed for the calculations . The 2-year-old is assumed, without 
explanation, to have the same dosimetric characteristics as the 1-year-old in ;able III-A-6. 
This would indicate that the dose assessment is based upon only two age groups rather than the 
four age groups implied by Tables III-A-5 and III-A-6. These inconsistencies should also be 
clarified in the final statement. 

Response 

See response to previous comment. 

COll'lllent 

Should the migration of cesium and strontium, indicated in the draft statement (DEIS 
page II . l-C-84), be typical at all of Hanford's disposal sites, a long-tenn estimate of the 
impact should be presented in the final statement. Based on estimates using ~resent EPA pathway 
models (7) and assuming no decay of the 1972 inventories of 35,000 Ci cesium-137 and 30,800 Ci 
strontium-90, (DEIS pages II.l-C-105, 106), a release of 1% of these inventories each year into 
the Columbia River could result in a yearly impact of 580 man-rem total body exposure. This is 
much greater than the Hanford estimate of 2.4 man-rem per year. Although the assumptions used 
lead to a "worst-case" estimate of the impact, the magnitude of the impact indicates that move
ment of these nuclides through the soil columns and aquifers could be a significant exposure 
pathway. The final statement should address this possibility. 

Response 

Text Changes Made - Vol 1, Section III.2.2 . 3 and Vol 2, Appendix II . 1-C, Part 5 

Also see discussion in response to Letter X.25. 

Corrment 

The continuance or discontinuance of the N-Reactor is an important factor in any consideration of 
alternative waste management practices. It is stated on DEIS page v that the N-Reactor is 
scheduled for shutdown in 1977 or 1978. If this is true, it may be environmentally acceptable to 
continue operation with only minimal waste management improvements, since the time factor may 
make additional costs difficult to justify. However, if the N-Reactor were to continue operating 
for a much longer period, it may become reasonable to consider major roodifications to the systems 
to reduce the liquid and gaseous effluent from the N-Reactor and associated facilities to the 
lowest level practicable. Due to the sensitivity of the decision making process to the operating 
lifetime of the N-Reactor, and the lead time requirements for making major system changes, it is 
imperative that the AEC carefully review the justification for any proposed extension of the 
N-Reactor's operating lifetime . 

Response 

Text Changes Made - Vol 1, Section V 

Corrment 

In its evaluation of non-radioactive air quality aspects of Hanford Operations, the final state
ment should provide additional infonnation. 

Response 

Text Changes Made - Vol 1, Section 11.1.1.6.1.3 

X-74 



X.24 COMMENT LETTER (Continued) 

Co11111ent 

The draft statement, on DEIS pages V-50 and V-52 indicates that when the SOx emission standard is 
decreased to 1,000 ppm in 1975 the 100-N and 300 area power plants will be emitting concentrations 
approaching, if not in excess of, this reduced standard. The draft statement further states that 
no apparent adverse environmental impacts have been observed and, therefore, ·no apparent incentive 
exists for expenditures to reduce the current release rates. We believe that the AEC should 
prepare a plan to reduce the SOx emissions from these facilities in the event that these power 
plants are unable to meet the new standard, or that low sulfur content fuel is not available. 

Response 

Text Changes Made - Vol 1, Section V.6.3 

Co11111ent 

The final statement should include infonnation on the perpetual care prov1s1ons for the land in 
which radioactive wastes have been emplaced to date. Regardless of future programs, co11111itments 
to these wastes must be made in tenns of monitoring and land use. 

Response 

Text Changes Made - Vol 1, Section II .1.1.2 .5 and Section V.2.5 

Co11111ent 

The draft statement does not present a waste management Rlan for the disposal of contaminated 
equipment. Such a plan should be discussed in the final statement. 

Response 

Text Changes Made - Vol 1, Section II.1 .1.2.5 

Co11111ent 

The final statement should identify the criteria used in detennining unusual releases of radio
activity . No unusual release to Gable Mountain swamp was listed in Table II.l-C-2, although it 
was stated on DEIS page II.1-C-99 that equipment malfunction has infrequently allowed some 
radiocontaminants to enter this and B pond. 

Response 

An unusual release is taken to be a short-term release of sufficient radioactive material to need 
specia•l study, monitoring and/or corrective action. Low-level releases to Gable Mountain did 
require special study. Table II.l-C-2 lists 200 West Area tank fanns and facilities only. 
Table II. l-C-27 lists unplanned releases to areas and sites not nonnally a part of waste manage
ment activities. 

Conment 

The continued disposal of large amounts of cooling water to open ponds maintains an opportuni ty 
for accidental releases of radioactivity to the aquatic environment . The environmental levels 
of radioactivity in the plants, sediments, waterfowl, ma11111als, etc., which could result from 
accidental releases, would be relevant to an evaluation of this disposal practice . Although 
routine sediment and biota sampling for 1972 are presented, infonnation on environmental radio
activity from past accidental !"eleases, and a discussion of the available controls on subsequent 
dispersion through waterfowl, etc., should be included in the final statement. 

Response 

Environmental sampling data reflect the total accumulation of radioactivity in the environment 
including any contributions from past routine Hanford operations as well as accidents. The 
monitoring results have been publicly reported in the Annual Hanford Environmental Reports since 
1957. See response made to a similar conment in X.10. 
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Comment 

The specific detection sensitivity of the road monitor described on DEIS page II.1-164 should be 
given in the final statement for the principal gamma emitting i~otopes . Any available alpha and 
Pu-239 detection capability by road monitoring should also be discussed in the final statement, 
including the detection sensitivity . 

Response 

Text Changes Made - Vol 1, Section II.1 .2.l 

Comment 

The AEC should evaluate the environmental consequences of the drying up of U-Pond and the 
exposure of the accumulation of long-lived nuclides on the bottom to the scouring actions of the 
wind. This area could contain as much as 5,000 kg of uranium nuclides, most presumably sorbed 
within a few centimeters of the pond's bottom. The final statement should contain the details 
and results of such an evaluation, along with a summary of long-term alternatives to maintaining 
the pond in its present condition . 

Response 

The U Pond will not be allowed to dry up unless special precautions and treatments are provided, 
such as retrieval of the radionuclides in the bottom sediments. The drying up of U Pond cannot 
occur rapidly but would require a period of several weeks. A wide variety of corrective actions 
could be taken during that time . The pond cannot be abandoned without treatment. The drying up 
of U Pond was not analyzed as a serious event because of the capability to take corrective 
actions before drying could take place. Also see Vol l, Section II . 1.1.2. 5. 

Comment 

The source term for the assumed 800,000 gallon tank leak accident included 42,000 µCi of tritium 
per gallon of waste. Assum1ng 300,000 gallons of waste becomes trapped as interstitial water 
within the soil column, then 470,000 gallons, containing 19,000 Ci of tritium, could reach the 
water table. If this activity required 22 years to reach the Columbia River, the tritium would 
have decayed to about 5,700 Ci. This is two orders of magnitude higher than the value given on 
DEIS page III.2-13. Similar calculations for the other nuclides listed agreed with the activities 
presented, The final statement should address the apparent discrepancy in the tritium activity. 

Response 

The value of 4.2 x 104 uCi/gal. for tritium is correct. The released value was incorrectly given 
(typo) and has been corrected to 5,600 Ci . The 5,600 Ci value was . used in the dose calculation . 
This calculation has been repeated with some changes due to updating of biological factors. 

Comment 

In its discussion of the Environmental Measurement Program there is no description of the 
analytical quality control procedures employed. Such a discussion should be provided in the 
final statement. 

Response 

Text Changes Made - Vol 1, Section II.1.2.l 

Comment 

Table II.3-9 contains two columns of soil measurements without any explanation of the reason for 
the two sets of values. An explanation clarifying this presentation should be included in the 
final statement. 
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Response 

Table II. 3-9 was changed. It originally attempted to give an indication of "fallout" on the 
leafy sample as compared to a total vegetation sample. 

Comment 

On DEIS page I-6, it is stated that" ... chemical contamination and heat waste do not pro<tuce a 
significant impact on the Hanford reach of the (Columbia) river." The location of the river 
sampling points and some operating data for chemical and thermal effluents should be given in the 
final statement, particularly for the N-Reactor. 

Response 

Text Changes Made - Vol 1, Section II.3.1O.1.6 and Section III.1.3.2.3 

Section III.1 .3.2.3 - "Thermal and chemical effects on aquatic ecosystems" in Volume 1 is 
responsive to the conrnent. 

Comment 

On DEIS page II.1-87, the final statement should indicate where the external leak detectors are 
located in the SX, AX, AY, and AZ tank farms . 

Response 

Text Changes Made - Vol 1, Section II .1.1.2.2.2 

Comment 

Table II . 3-O-15 of the draft statement lists Xe-133 as a discharge product in liquids. Since 
there is no significant retention of noble gases in a liquid medium this listing should be 
clarified. in the final statement. The table also indicates that seepage data is not available 
for certain nuclides . The final statement should discuss why this data is not available. 

Response 

Text Changes Made - Vol 2, Table II.3-O-lSb and Appendix II.3-O 

Conrnent 

EPA will have the responsibility for issuance of a discharge permit which will cover the 
N-Reactor activities at the site . From the analyses presented in the draft statement (DEIS 
page III.1-61), it appears that the guidelines for dilution zone size may not be met at all times 
at the N-Reactor discharge points. The final statement should present an analysis of the dis
charge plume configurations during periods of low river level, so that compliance with the above 
guidelines may be evaluated. 

Response 

No direct thermal studies of the 66-in. discharge l i ne have been made . Battelle, Paci fic North
west Laboratories performed a study of the Washington Public Power Supply System discharge that 
did include useful information concerning the surface thermal discharge . * "The extent of the 
thermal plume from the 66-in. line was shown on infrared photographs and scans taken over the 
area. 

If necessary, changes will be made to the 66-in. lines near shore thermal discharge to meet the 
EPA discharge permit requirements. Also see response to previous question from your letter 
regarding waste permits. 

*Field Determinations of Temperature Distribution in the Hanford No. l Condenser Cooling Water 
Discharge Plume, Washington Public Power Supply System, Richland, WA, November 1972. 
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X. 25 · COMMENT LffiER, Natural Resources Defense Council, Inc., 664 Hamilton Avenue, 
Palo Alto, CA 94301; Submitted on behalf of Natural Resources Defense 
Council, Inc., Oregon Environmental Council, Friends of the Earth and 
Sierra Club 

Co11111ent 

The statement declares, "No deleterious effects to the numbers of or species of terrestri al or 
aquatic life have been observed during 30 years of Hanford operations . " The implication that no 
hann has ever come to any living organism as a result of activities at Hanford is absurd on its 
face and is flatly incorrect, even being contradicted els~here in the impact statement (e .g. , 
DEIS page III . 1-61 . ) See also the Conments on the Hanford EIS by the Department of Interior . 

Response 

Text Changes Made - Vol 1, Section III . 1. 3.2.3. 1 

Also see response to a similar conment in Letter X. 18 . 

Co11111ent 

The draft statement declares, "Extensive piping interties exist within and between tank fanns so 
it is possible to transfer liquid to or from any tank in the system." Again, this appears to be 
a plain misstatement. In his co11111ents, an employee of the contractor which operates the tank 
fanns writes, "we just don't have this capability . " Moreover, when the massive 115,000 gallon 
leak was discovered in Tank 106-T, the contractor had to lay emergency piping on top of the 
ground to pump the tank out. 

Response 

Text Changes Made - Vol l, Section II . 1.1.2.2.2 

Co11111ent 

In conmenting on the quality of the tests run in the unconfined aquifer at Hanford, Dr. Deju 
wrote that "no planning and little care was employed in running or supervising .. . tests" and that 
"Battelle's interpretation of the pumping tests is even poorer being based on techniques that are 
not applicable to the data collected." Similarly, Dr . Deju specifically observed that the pump 
testing techniques utilized by AEC contractor personnel at Hanford were done without benefit of 
necessary observation wells, that "most of the tests were run too short for any reasonably accurate 
interpretations," and that "given the poor quality of the tests, a comprehensive evaluation 
technique was not possible . " 

Response 

Pumping tests have been conducted at Hanford at various times during the past 20 years. The 
majority of the tests used only the pumping well and did not involve the use of nearby observa
tion wells. The interpretation of such pumping tests is very difficult because measurements 
taken at the pumping well site are affected by pump fluctuations and well-bore turbulence near 
the screen. The interpretation technique that was used in analyzing the pumping tests involved 
the Dagan method which is best applied to measurements at a certain distance from the well-bore . 
Unfortunately, only well-bore measurements were available. 

To improve the regional description of. the hydraulic conductivity of sediments underlying the 
Hanford Reservation, a program of pump testing was initiated during FY-1975 using multiple 
observation wells and the most advanced interpretation techniques. In addition, all data 
presently available have been reinterpreted and combined with driller logs and geophysical work 
to obtain the most accurate regional definition of hydraulic conductivity. 

Co11111ent 

The discussion of possible ways to store pennanently or dispose ultimately the long-lived 
hazardous radioactive wastes is so abbreviated and uninformative as to be virtually useless for 
decision-making purposes. No effort is made to fonnulate safety criteria, objectives, or a 
timetable for making decisions, and the Conmission's current research priorities are neither 

,explained nor justified. Furthermore, there is no systematic attempt to correlate the current 

X-78 



X.25 COMMENT LmER (Continued) 

practice of removing the high-heat generating isotopes, strontium-90 and cesium-137, and par
tially dehydrating the bulk salt wastes, to a satisfactory long-tenn storage means. As a result 
it is simply not possible to detennine whether or not current policy is compatible with an 
acceptable long-tenn containment solution. 

Response 

Text Changes Made - Vol 1, Section V.2.5 

This statement is not intended to address in detail the ultimate disposal options for the Hanford 
waste. The Foreword set forth the scope to be covered. An expanded section on the current 
status of ultimate disposal research and development has been added (Section V.2.5). Much 
research remains to be perfonned before the ultimate disposal options can be evaluated . 

Cooment 

The draft contains virtually no cost/benefit or cost/risk analyses pertaining to the pennanent 
storage or disposal of high-level and transuranic radioactive wastes and to the continued dis 
charge of significantly contaminated liquid wastes to disposal facilities which rely upon so i l 
columns to retain the radioactivity. 

Response 

The conrnent is correct in that this statement does not address ultimate disposal. The monitoring 
program and known parameters of the geological and hydrological conditions involving the use of 
soil columns were presented. See additional infonnation in Vol 1, Sections V and IX . 

Comment 

There are no plans presented for the decomissioning of buildings and facilities signi ficantly 
contaminated with long-lived radionuclides, such as the nine plutonium-production react ors along 
the Columbia River and the Purex Plant . 

Response 

Text Changes Made - Vol 1, Sectfun II.1 . 1. 2. 5 

Conment 

Measures to mitigate the possible adverse effects of past practices of storing materi als in the 
soi l are not analyzed. Such measures, which are described in documents in the possession of the 
AEC , include. inter alia, removal of solid transuranic wastes from shallow earthen burial 
trenches and removale>fplutonium from earthen, open-bottom cribs. 

Response 

Text Changes Made - Vol 1, Section II . 1.1.2.5 and Section V.2.5 

C011111ent 

The discussion of land use restrictions that need to be imposed at the Reservation and surrounding 
areas is wholly inadequate. For instance, the draft fails to detennine or analyze whether or no t 
(a) the proposed Ben Franklin Dam can be constructed without interfering with radionucl ides 
sorbed to the soil , (b) extensi ve irri gation can be permitted on lands around the Reservati on , 
(c) a nuclear park, with up to 30 large nuclear power plants and supporting facilities could be 
established at Hanford without jeopardizing the safety of current waste management t echn iques , or 
(d) a so-called retrievable surface storage facility for the interim containment of commercial ly
generated radioactive wastes could be constructed without having to change existing waste manage
ment policies and · facil i ties. 

Response 

All of the above proposals may be the subject. of separate environmental impact statements . See 
response to similar conments in RPB X.O. 
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Comment 

No consideration is given to the possibility -- indeed the probability -- that the N Reactor may 
operate beyond 1977 either in considering proposals to reduce radioactive releases from the 
N Reactor or in estimating the total wastes which will have to be managed at Hanford. Nor is 
there any evaluation of the consequences for waste management of reprocessing commercial spent 
fuels in the Purex Plant. even though that suggestion has been ra i sed in recent Congressional 
hearings in response to the acute shortage of commercial spent fuel storage and reprocessing 
capacity . 

Response 

Text Changes Made - Vol 1, Section V.2 . 2 

The consideration of the possibility that N Reactor would operate to the extent of its useful 
life {approximately 1990) has been added. However. any evaluat i on of t he consequences to the 
Waste Management Program of reprocessing commercial fuels remains outside the scope of the 
impact statement. The Hanford site has not been designated to conduct commercial fuel reprocessing . 
Such a proposal may require its own assessment as part of the decision making process. 

Comment 

Although AEC regulations require that releases of radioactivity to the environment from any AEC 
installation be "as low as practicable", the draft statement provides no detailed criteria for 
applying this standard to the important effluent reduction projects which the AEC admits are 
technologically possible at Hanford . 

Response 

The individual and population doses arising from Hanford Waste Mangement Programs are indeed low 
and are only a small fraction of radiation doses received due to other activities of people 
living in the Hanford environment . Radionuclides released to the . soils are not contributing to 
these doses . The wisdom of spending large sums of public money to reduce discharges of radio
nuclides to the soils is one of the principle decisions to be made based on this statement. 

Comment 

The cumulative and projected radiation exposures to Hanford workers are not considered at all . 
These exposures may account for most of the irrmediate radiological effects to humans resulting 
from operations at Hanford . 

Response 

Text Changes Made - Vol 1, Section II I. 1.1. 7 

Comment 

Inaccurate and unreliable data is presented or used in discussion concerning the extent of 
radioactive contamination of the Hanford environment and the geohydrological conditions of the 
Hanford Reservation. For instance, recent findings and uncertainties about the mobility of 
plutonium in Hanford soils are not discussed. 

Response 

Text Changes Made - Vol 1, Section II.1.1.4.4 

Extensive programs performed by experienced and qualified personnel have generated the data and 
analysis. Although studies are continuing and methods of measurement continue to be improved, 
the accuracy and reliability of the data presented are of high quality. 
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Co11111ent 

Inadequate techniques are used which probably seriously underestimate the adverse radiological 
effects of radioactive releases. In particular, there is virtually no consideration of the 
"environmental dose co11111itment" resulting from routine or accidental emissions of radioactivity . 

Response 

Text Changes Made - Vol 1, Section III.1.1.8 

Co11111ent 

.•. the conclusion in the draft EIS that precipitation at Hanford does not percolate to the water 
table is not conclusively supported by recent documents in the AEC's possession. 

Response 

In 1971 a field test facility was constructed to measure moisture content and potential as a 
function of time and depth in soil beneath the 200 Area plateau. The data obtained from this 
field site have not been collected for a sufficient length of time to conclusively resolve this 
question. However, based on measurements made over three "rainy" years all incident moisture 
has returned to the atmosphere. In addition, below six meters in depth, the soils are highly 
dessicated indicating that on the average and for an extended period, loss of moisture from the 
soils has exceeded the amount replenished by precipitation. This condition persisted even during 
a rainy year when the total precipitation was about 170% of the average. 

Co11111ent 

AEC has been informed previously by other governmental officials that its conclusion in the draft 
EIS that the thermal effluents from Hanford reactors have a benign effect on juvenile salmon in 
the Columbia River is illogical and unsupportable by scientific studies. 

Response 

Text Changes Made - Vol 1, Section II.3.10.1.6 

Co11111ent 

Professionally qualified, critical opinions about many aspects of Hanford operations are 
improperly omitted entir~ly. Specifically, no meaningful reference is made to the May 1966 
National Academy of Sciences report, two General Accou,1ting Office analyses and the evaluations 
of Dr. Raul A. Deju, a consultant to the Atlantic Richfield Hanford Company. 

Response 

Text Changes Made - Vol 1, Section II.3.14, and Vol 2, Appendix II.3-D 

Co11111ent 

Conceivable major accidental releases of radioactive materials to the environment are improperl y 
ignored either entirely or by categorizing them as "incredible" without further explanation . For 
example, there is no analysis of the prompt (accidental) release of radioactivity from the 
N Reactor. 

Response 

Release of radioactivity other than that properly associated with waste management operations is 
outside the scope of this statement. Failure of N Reactor containment has been fully analyzed 
and is contained in the safety analysis report for that operation. For analysis of cladding 
failure dose effect to the individual and the population see Vol 1, Section III.1.1 which 
included all releases due to fuel cladding failures i~ 1972. The annual environmental reports 
include the dose due to fuel cladding failures also as part of the total assessment. The dose 
due to fuel cladding failures was not separately stated. Major accidental releases from 
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Hanford Waste Management Operations are included in Vol 1, Section III . 2. Unusual releases of 
radioactivity from 100 Area facilities are listed in Vol 2, Appendix II .B-12. 

Conment 

The potential consequences of terrorist or military attacks on the waste management fac i liti es 
are not adequately evaluated. Instead, it is assumed without analysis that sabotage or attack 
would not result in any more severe effects than the small accidents which are considered . 

Response · 

Text Changes Made - Vol 1, Section III.2 . 1 

COlllllent 

What is needed is a clear explanation in the Introduction or elsewhere of the various types of 
waste streams that come under the definition of high-level waste that has been used at Hanford 
since operations began. The infonnation provided should include the types and concentrations of 
the critical radionuclide constituents in each type of waste stream, as well as the chemical 
composition of the waste streams . 

Response 

Text Changes Made - Vol 2, Table II . 1-C-22a 

The high-level l iquid waste definition means the·waste was contaminated to greater than 
100 µCi/mi of mixed fission products or more than 2 µCi/mi of 137Cs, more than 2 µC i /mi of 90sr 
or more than 2 µCi/mi of any combination of long-lived alpha emitters (transuranic elements) each 
measured on an individual basis . If any of the three are present in concentrations greater than 
2 µCi/mi, the waste would be classified as high-level liquid waste . In Vol 2, see Table II. l -C-2, 
for the i nventory and composition information. See Table II . l-C-22a for additional information 
on chemical composition . 

Comnent 

" . . . the characterization of the different types of wastes at Hanford should have inc l uded the use 
of parameters that indicate the degree and time period of toxicity. Parameters t hat have been 
suggested include "inventory conrnitment" and the amounts of water or air required to dilute t he 
waste to the maximum pennissible concentration." 

Response 

The physical properties of the radionuclides and their permissible concentrations in air and 
water are presented in numerous books and reports . These values are available to the public and 
are not determined or developed at Hanford. While such data could, of course, have been added 
to the appendixes, its wide availability seems to make such redundancy unnecessary. From these 
standard references and the emission data given in this statement one may calculate the quantities 
requested . In most cases.the Hanford effluents are below the MPC's and there .are no dilutions 
required. 

Consnent 

The complete radionuclide inventory of each tank should have been listed to the extent current ly 
known. 

Response 

Classification requirements prevent such a disclosure. The typical contents of tanks have been 
given. Even without classification problems, it is not practical to identify a particular 
inventory with a particular tank if the tank's contents are being processed. 
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Conment 

The accumulated amounts of strontium-90 and cesium-137 that are currently stored in the B Plant 
and the Waste Encapsulation and Storage Facility are not given. 

Response 

The quantity (in curies) of 137Cs and 90sr currently stored in B Plant and the adjacent encap
sulation and storage facility is classified infonnation, since this may reveal weapons pro
duction data. The objective .is to convert all of the material to solid fonn; no long-term 
storage of liquid solutions is planned in either B Plant or the encapsulation facility. 

Conment 

There should have been an analysis of the chemical composition of the waste and the current 
status of each tank; e.g., Is the tank an identified or suspected "leaker"? Does it contain 
salt cake and/or liquid? 

Response 

Enumeration of the current inventory of each critical radionuclide in each tank provides a tota l 
inventory which is restricted by classification guidelines. 

The chemical composition of waste in each tank farm was added as Vol 2, Table II.1-C-22a. 

The current status of each tank and its content is detailed in ARH-CD-133D, "Production and 
Waste Management Division Waste Status Su11111ary, October 1, 1974 through December 31, 1974", 
January 30, 1975 • 

Co11111ent 

For what period of time will the tank's integrity allow retrieval by sluicing? 

Response 

Text Changes Made - Vol 1, Section V 

Tanks where integrity cannot be assured will not be sluiced. 

Comnent 

The Conmission must explain in detail why knowledge of prior weapons material production rates 
at Hanford -- a virtually abandoned facility in these terms -- would be inimical to the national 
security. 

Response 

Plutonium production rates at Hanford are classified in accordance with the provisions of USERDA 
classification policy. 

Conment 

It is necessary to estimate the amounts of wastes by category that may be generated and stored 
at Har.f~rd in order to plan effectively for their containment. The draft statement fails to do 
this adequately. 

Response 

The statement does present the waste categories and volumes for both the already generated waste 
.and for the yet to be generated waste under several future operating possibilities. 
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X.25 COMMENT LETTER (Continued) 

Conment 

There is some discrepancy in estimates of the amounts of high level waste generated each year 
during operation of the N Reactor and the Purex Plant. At one place the draft states that 
" ... the operation of N Reactor and the Purex processing plant results in the generation of 
approximately one million gallons of high-level waste each year." (DEIS page V-4) However, at 
other places it is estimated that approximately 600,000 gallons of liquid waste from the N Reactor 
are sent to the 200 Areas for in-tank storage each year (DEIS page II.1-58) and that the Purex 
Plant generates about 225,000 gallons of high-level waste per year (DEIS page V-12). This is a 
total of only about 825,000 gallons or roughly 17% less than the l million gallon estimate. 

Response 

The one million gallon figure was used in a qualitative sense to scope the waste volumes to be 
considered and was qualified with the word "approximately . " This is not considered to be a 
discrepancy. 

Co1T111ent 

Obviously the possibility that the N Reactor and/or the Purex Plant will operate for longer than 
is now indicated in the draft statement should have been explored in detail . 

Response 

Text Changes Made - Vol 1, Section V.2.2 

Comment 

The dates of some leakages listed in the draft statement are different than the dates for the 
same tanks in the 1968 GAO Report, as follows: 

(1) for 104-U tank, 1960 by GAO and 1958 in EIS; 
(~) for 108-SX, 1964 by GAO and 1962 in EIS; 
(3)' for 115-SX, 1963 by GAO and 1965 in EIS . 

Additionally, GAO lists the volume of the leakage from 113-SX as 35,000 gallons , while the 
leakage is given as 15,000 gallons in the EIS. 

Response 

The dates in the draft EIS are correct, except that the date for 104-U Tank appears to be a 
typographical error. The date for the 104-U Tank should be 1956 (vice 1958). Also, the leakage 
from 113-SX is 15,000 gallons. as indicated in the draft EIS. The differences in dates seem to 
arrive from assigning a date to the abnormality when noted and a date to the time when a leak 
was finally confirmed. 

Comment 

The efficiences of removal of these two radionuclides from the supernatants and sludges is not 
considered in the draft statement . In terms of Current Acid Waste the draft simply states that a 
"majority" is removed. (DEIS page II.1-61 . ) We note, however, that it is reported elsewhere 
that 70 to 90% of the cesium and strontium are removed during the fractionization of the high
heat wastes. (C.M. Unruh, A Preliminar Safet Anal sis of Near Surface Stora e of Radioactive 
Waste As Salt Cakes, BNWL-1194, p. 2 January 1970 ). 

Response 

Text Changes Made - Vol i, Section II.1.1.2.2.1 

Co1T111ent 

Evidently the sludge from the 15 SX tanks cannot be removed hydraulically due to their leaky and 
weak condition. (DEIS page 11.1-70.) The draft statement is unclear about whether or not a 
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similar situation arises with regard to other tanks. For instance, how many of the 14 tanks that 
are not longer in use because of suspected loss of integrity are in the SX Tank Farm? (DEIS 
page 11. 1-78. ) 

Response 

Seven of the eight SX Tanks that forn1erly contained "self-boiling" waste are now confirmed 
leakers and the other (114-SX) has been removed from active liquid storage service. These tanks 
are presently connected to the SX Farm sludge air cooler . None of these forn1erly "self-boiling" 
SX Tanks are suitable candidates for sludge sluicing operations. The remain ing SX Tanks have 
been used for storage of nonboiling waste and give no evidence of leakage . 

Colllllent 

The lack of adequate advanced planning is clearly demonstrated by the absence of a plan for 
storing these highly concentrated forms of cesium and strontium during the many hundreds of years 
that they will remain hazardous. 

Response 

Text Changes Made - Vol 1, Section II. 1.1.2.2.1 

Colllllent 

A question arises about whether or not to categorize ex isting Hanford stock piles of purified 
neptunium (DEIS page II.1-20) , americium (DEIS page II. 1-30) , and even the plutonium as high
level wastes . The current status and potential future use of these highly toxic actinides shoul d 
be thoroughly discussed. Since the colllllercial nuclear industry could be generating huge quan 
tities of these materials in the future, it is unclear whether or not the Hanford stock piles 
will ever be used. 

Response 

The materials are basic products and are not considered wastes . 

Colllllent 

The possible impacts of radioactive wastes should have been evaluated over a period of time 
approximating twenty half-li ves of the critical radionuclides in the wastes. 

Response 

Text Changes Made - Vol 1, Section II I . 1.1.8 

Conment 

The draft statement does not describe, i n detail, as it should, the "basic knowledge" that 
purportedly substantiates the Collllliss ion' s opinion that the radionucli des will not move signifi
cantly far away from their existing location near the tank . Such an explication is needed because 
several mechanisms, physical and biological, could , i n our opinion, lead to the dispersal of a 
significant fraction of the radioactivity during the hundreds of years that the radionuclides 
will be hazardous . For instance , soil moisture may be transported back and forth across the 
contaminated so il zone as different transport mechanisms alternately dominate . This movement of 
soil moisture may cause the radionuclides to migrate toward the surface and/or the water tab l e at 
different times . Also , if vegetaticn is not prevented from growing on top of the tank farm area 
or if burrowing animal s are not kept away from the soil contamination, these biological vect ors 
could bring significant amounts of radioactivity to the surface, from whence it could disperse 
widely . In our opinion, other means, si ngly or in combination, by which the radionucl ides could 
be moved include a rising water table due to increased recharge from agricu ltural irrigati on, the 
ponding of cool ing water from nuclear reactors, increased rainfall from cloud seeding for 
agricultural reasons the construction of the proposed Ben Franklin Dam. Furthermore , perched 
water could invade the contaminated soil and cause the radionuclides to migrate toward the River 
or the surface without the necessity of first migrating through the entire soil column above the 
water table. 
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In sum, a n1.111ber of possible mechanisms could cause a significant fraction of the radionuclides 
in the soil near the 106-T tank to move away from their current position. The draft statement 
should have addressed this issue forthrightly and discussed these possible mechanisms in detail . 

Response 

Research in the fields of moisture transport in partially saturated sediments and uptake of 
radionuclides from sediments by plants and animals over extended periods of time are under study. 
At the present time, data ·Indicate that radioactivity in sediments from tank leaks is essentially 
fixed on the sediments. Surveillance is provided to detect any movement of radionuclides. 
Routine surveillance in the tank farm areas is relied upon to control burrowing animals and plant 
growth. 

The elevation of water table is being continually monitored to assure that water table changes 
possibly leading to inundation of contaminant sediments does not occur unknowingly. Predictive 
methods are under development to assess any postulated changes or mechanisms which would cause 
radionuclides to move from their present position in the sediments. 

The impact of additional irrigation, possible changes in the water table and possible increases 
in rainfall can be examined using these predictive methods . Perched water bodies occur north of 
Gable Mountain and as very small lenses in other parts of the Reservation. No perched water 
bodies are known to exist in the 200 Areas . 

COll'lllent 

In order to assess the potential environmental effects of radionuclides in the soil due to leaks 
in tanks, the possible mechanisms for release should have been analyzed separately for each tank 
due to the great heterogene i ty in the composition of the soil in the waste storage areas . 
(DEIS page II.3-D-34.) 

Response 

The heterogeneity of the sediments underlying the waste storage areas contributes significantly 
to the waste liquid retention near the leak point. Changes in sediment types are responsible for 
the lateral spreading of the waste liquid reducing downward migration. 

During the past several years ERDA has supported a program to characterize the geologic character
istics of sediments within the tank farms . The data obtained from this program are used by 
mathematical models to examine the impact of a given leak from a specific tank. Heterogeneity is 
considered in such an analysis. 

Comment 

The draft statement's failure to address thoroughly the long-term hazards posed by the leaked 
radionuclides. This is a greater omission than not considering the safety of storing salt cake 
in the underground tanks . 

Response 

The calculation of resultant dose due to total release of the radioactive materials in Hanford 
soils was made. See response to your later co11111ent regarding potential effects of slow or 
catastrophic releases of radionuclides that are contained in the soil. 

Comment 

The draft statement ad~itionally should have considered the possibility that even in the rela
tively near future the high-level wastes which are now at least partially protected by the tanks 
will be vulnerable to the same types of dispersal mechanisms as the leached wastes. 

Response 

Text Changes Made - Vol 1, Section II.1.1.2 .2.3 
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Co11111ent 

Only a year and a half ago, the AEC stated that the "[e]valuation of long-tenn storage of salt 
cake in existing tanks [would be] completed" by fiscal year 1974, i.e., before July l, 1974. Now 
in the draft statement it is stated that the "required investigation" will continue until fiscal 
year 1981, another seven years. (DEIS page V-21) The draft statement should contain a full 
explanation of the need for this substantial delay that the draft claims has become requ i red 
within the past few months. 

Response 

It has been concluded that all alternatives for long-tenn storage and ultimate disposal shou ld 
remain open until more infonnation is developed . The schedules for developing this infonnati on 
may again change. 

Conment 

The draft statement should consider fully how leaving salt cake/sludge wastes in the so il 
permanently would be compatible with any acceptable set of national criteri a. 

Response 

Until the research and development program for ul t imate disposal of Hanford waste i s complete and 
the impact statement prepared, it is highly speculative to assume the salt cake will be or will 
not be left in the soil . At this time there has been no decision to adopt a position . 

Co11111ent 

The judgmental tenn "credible" is used without an explanation of i ts meaning in the context of 
accident analysis . This i s necessary because whether or not the chance of a particular acc ident 
occuring is "credible" wi ll undoubtedly vary from scientist to scientist . Of course, the bes t 
way to avoid the inherent ambiguity in the use of the word "credible" is to cite t he probab ility 
with which the accident may occur. In the absence of such quantification of the probabi lity, 
there should be at least a des~ription of the process by which particular accidents were judged 
to be "credible" or "incredible . " 

Response 

Text Changes Made - Vol l, Section III.2 .1 

Co11111ent 

Although the discussion implies that for each type of accident the "worst case" was analyzed, 
other, more severe accidents seem to have been mentioned in other AEC documents and, furthennore, 
the "worst" conditions were not asswned for the accidents considered. For instance, in regard t o 
the hi gh-heat wastes concern has been expressed in the past that . 

"[ i]f cooling action were discontinued, as by salt crystallation or by loss of l iquid 
cover, the sludges [in the SX, A and AX tank farms contianing 120 million curies of 
strontium-90 and 150 kilograms of plutonium] would self-heat to temperatures that 
could cal cine the salts, destroy the tank structure and volatilize some of the fission 
products," 

The draft statement did not di scuss whether or not this type of accident could st il l occur and, 
if so , what the long-term consequences woul d be. In particular , the draft statement should have 
analyzed such an accident for t he one tank in the A-AX-AY-AZ tank fann comp lex generating 
sufficient decay heat to sustain boil i ng (DEIS page III . 2-14) and ai l of the SX tanks , in wh i ch 
the sludges still contain heat-generating stronti um. (DEIS page II . 1-70 . ) Al though cooling is 
evidently provi ded by fans for some tanks (DEIS pages II .1 -70 ; III .2-14), the possibi li ty that 
the fans, and their back-up fans, become inoperative during the approximately 50 years tha t t hey 
will be needed for cooling should be fully cons i dered. 
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Response 

A range of potential accidents were considered. The loss of cooling for A-AX-AY-AZ and SX tanks 
would result in a slow rate of heat up on the tank contents. The time to reach calcining 
temperature would be days if such temperatures were reached at all . Adequate time would be 
available to take corrective actions and get the fan cooling systems back into operation . Even 
if the heati ng occurred , the strontium and plutonium would not be released in quantities even 
near the quantities assumed for the dome failure accident . The consequences of the heatup of 
these tanks would be far less than the consequences anaiyzed for other accidents . 

Conment 

An example that the "worst case" conditions, in fact, are not assumed is the analysis of a major 
tank failure. Initially, the possible concentrations of radionuclides do not seem to have been 
maximized. For i nstance , the assumed concentration of plutonium-239 is listed as 0. 14 µCi/gal . 
However, the concentration of plutonium-239 in the high-level liquid waste that leaked from the 
106T tank had a plutonium concentration of 34 µCi/gal, or about 250 times higher than assumed . 
Furthermore, the worst possible soil conditions, which are known to be very heterogeneous 
(DEIS page II.3-D- 54), are not assumed. Apparently, a "typical" amount of silt, which controls 
the percolation rate, was used in the calculation . How would the calculation have changed i f 
the lowest known amount of silt in the storage areas had been used? Or, what if during the next 
several hundred years during which the wastes remain toxic, the hydrological conditions changed 
substanti ally from those assumed? 

Response 

The ca l culation assumed 800,000 gal. leaked, some 7 ti mes the volume of the largest leak 
experi enced to date. The plutonium concentration in the waste i s not a factor determining the 
population dose for this tank leak, since plutonium even at a concentration of 34 µCi /gal in 
the leaked material would not be delivered to humans. Typical silt amounts were used as stated 
in the assumptions . The existence of thin silt and caliche layers under some tank farms were 
not used in the calculation. The 22-year travel time used does allow for heterogeneous soil 
conditions--being near the shortest travel times predicted for this area. 

If 10 times as many curies of each radionuclide in Table I II . 2-1 reached the river, the result-
ant doses would -be: · · 

Comment 

RADIATION DOSE FROM POSTULATED 800,000 GALLON TANK LEAK WITH 10 TIMES 
THE INVENTORY OF TABLE III.2-1 REACHING THE COLUMB IA RIVER 

Whole Body 
G. I. Tract 
Bone 
Thyroid 

Maximum 
Individual 

(rem) 

1. 4 X 10-3 

10- 3 4.0 X 

5. 3 X 10-5 

3 8 10-3 
• X 

Population 
(man-rem) 

2. 9 X lOQ 

1.2 X 101 

2.0 x 10- l 
7. 9 X lOO 

The potential consequences of the assumed accidents are considered only for the very short-term. 
For instance, in the case of a tank-dome failure, could substantial radioactivity be released 
slowly as precipitation and soil moisture entered the exposed wastes or as the whole rang~ of 
possible physical and biological dispersal mechanisms operated over time. Also, if remedial 
action were taken following a tank-dome collapse what would be the risk to workers? 

Response 

An accident such as a dome failure, or any other accident, would receive priority corrective 
action. The risk to workers would be controlled by use of appropriate personnel protective 
equipment and shielding . Exposures would be controlled to within applicable standards. Radio
nuclides involved in such accidents would be controlled to avoid dispersal by natural forces. 
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Co1T111ent 

The Possibilities For Sabotage, Terrorist Or Military Attack, Or The Theft Of Speci al Nuclear 
Material Are Not -Discussed 

Response 

Text Changes Made - Vol 1, Section III.2.1 

Also see response t o similar question in RPS X.O. 

Co1T111ent 

The advantages and disadvantages of each alternative are not considered over the entire t ime 
that the wastes must be securely protected. -

Response 

This statement is not a statement on ultimate disposal of Hanford waste; however, addi t iona l 
infonnati on on ultimate di sposa l has been added to Vol 1 as Sect ion V.2 . 5. 

ColTlllent 

The discussion of alternatives does not fully consider the possib i lity that selection of one 
option now, e. g. , long-tenn storage of moist salt cake or sludge in single-wal l ed ~arbon tanks , 
may, in practice, eliminate an opportunity to choose a safer alternative, e.g., sol idificat ion 
into a low- leachable solid and disposal in a deep geological fonnation , in the future . 

Response 

The sel ection of salt cake solidi fication was made to reduce the inventory of material that 
could leak to the soil . Much of the high-level waste has been solidified. The plan adopted fo r 
ultimate disposal will need to start with a salt cake fonnat ion for one of its waste inputs. 
The solidification program, per se, does not foreclose ul timate disposa l options . It does , of 
course, provide a semisolid cake fonn to cons i der as a start i ng po i nt. 

ColTlllent 

The wrong standard -- ilTlllediate reduction of current populat ion radi ation exposures under 
exi sting conditions -- i s used to di scriminate between choices. 

In previous AEC documents which pertained to the effluent reduction program, the number of 
curies of radioactivity eliminated from effluents i nto the environment per dollar cost was used 
to assess the comparative value of alternatives. Another parameter that may be particularly 
useful in assess ing the long-term advantages of alternatives is the acreage of land, on and off 
the Reservation, on which activities must be controlled in order to preclude t he possible 
release of radionuclides stored in the soil. 

Response 

Text Changes Made - Vol 1, Section IX . 3 

Comment 

The draft stat ement fa i ls t o consider adequately the l ikel -ihood and potential effects of such 
sl ow or catastrophic rel eases of radionuclides that are contained in the .soil and that cont inue 
to be discharged to t he soil. By not fully analyzi ng these poss i ble events the draft statement 
does not meet the NEPA standards for full disclosure and careful cons i derati on of al ternatives 
that may reduce environmental harm. 
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Response 

There is no known mechanism that could lead to release of major fractions of the radionuclides 
discharged to the soil at Hanford. Nevertheless, the consequences of such an occurrence have 
been analyzed. 

The potential radiation doses to a maximum individual which might occur if somehow the entire 
inventory of radionuclides currently present in the ground and groundwater as a result of 
deliberate and accidental releases of the 200 Areas liquid effluents are given below. These 
doses were calculated to include all contributions to dose including exposure to the shoreline. 
The shoreline contributions were not included in previous calculations of this dose . The SO-year 
dose commitments were also calculated. The dose calculations were perfonned for a hypothetical 
maximum individual rather than the average resident. 

RADIATION DOSES TO A HYPOTHETICAL MAXIMUM 
INDIVIDUAL FROM SUDDEN INJECTION INTO THE COLUMBIA RIVER 

OF CERTAIN RADIONUCLIDES FROM THE 200 AREAs(a) 

(rem) 

Organ First-Year Dose(b) 

0.3 

SO-Year Dose Commitment(b) 

0.8 Whole Body 
GI Tract 
Bone 

0.05 
0.4 

0. 3 
2 

{a) 

(b) 

(c) 

If all the radionuclides present in the ground and groundwater as a 
result of liquid disposal, tank leaks and the contents of the Z-9 trench 
were suddenly injected into the Columbia River and mixed with only 
one day's PMF flow (1.44 x 106 cfs 2 3.53 x 1012 1/day) . 
Doses include 9 x 10-3 rem from exposure to contaminated shoreline 
for 500 hours during the first year following flood, uncorrected for 
radioactive decay or for any "environmental" removal process. 
Doses include 0.22 rem from SO years' exposure to contaminated 
shoreline (at 500 hr/yr) corrected for radioactive decay but not 
for "environmental" removal, such as radionuclides being covered 
by clean sediment. 

As explained in the EIS, the Maximum Individual is a hypothetical individual whose diet and 
recreational habits are chosen to maximize the radiation dose potentially received . In this 
particular instance, this person somehow manages to fish from the shoreline during and after the 
flood and to drink water drawn directly from the river (that is, without removal of radio
nuclides which nonnally occurs in the city water treatment plant). 

The EIS addresses the potential effects of a Columbia River flood (1.44 x 106 cfs) which suddenly 
washes the entire contents of the 100 Areas and 300 Area disposal sites into the river . The 
potential radiation doses to the hypothetical maximum individual for such a flood were summarized 
in Vol 1, Table III . 2-30. 

As explained in the text accompanying the above table, the doses listed are for the first year 
following the flood and asswne the radionuclides were soluble and diluted by only one day's flow 
of the river. However, the doses did include an overly conservative estimate of the contribu
tion from one year's external exposure while fishing on the contaminated shoreline left after 
the flood receded. 

The radiation doses were recalculated to more accurately model tht shoreline dose and in addition 
to obtain the SO-year dose commitments. The newly calculated values are summarized on the next page. 

The radiation doses given in these tables are for a Columbia River flood flow rate of 
1.44 x 106 cfs. The radiation doses for an incredible 10 million cfs flood flow would be only 
1/7, (viz. 1.44 x 106/10 x 106 ), times those listed in the tables because of the extra dilution. 
There is no possible mechanism by which the events could occur which would lead to doses in the 
table involving radionuclides from the 200 Areas. The events required to lead to the doses from 
sudden movement of radionuclides in adjacent disposal sites to the Columbia River are extremely 
unlikely to occur. 
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RADIATION DOSES TO A HYPOTHETICAL MAXIMUM 
INDIVIDUAL FROM SUDDEN INJECTION INTO THE COLUMBIA RIVER OF 

RADIONUCLIDES IN ADJACENT DISPOSAL SITES(a) 

(rem) 

Organ First-Year Dose(b) SO-Year Dose Commitment(c 

Whole Body 3 X 10·3 6 X 10·3 

GI Tract 1 X 10•3 5 X 10·3 

Bone 2 X 10·3 6 X 10·3 

(a) If all of the nuclides currently present in the 100 Areas and .. 
300 Area disposal sites were suddenly washed into the 
Columbia River and mixed with only 1 day's PMF flow 
(1.44 x 106 cfs • 3.53 x 1012 t/day). 

(b) Doses include 4 x 10-4 rem from exposure to contaminated 
shoreline for 500 hours during first year following flood. 
Uncorrected for radioactive decay or "environmental" removal 
process. 

(c) Doses include 3. 4 x 10-3 rem from 50 years' exposure to 
contaminated shoreline for 500 hr/yr) corrected for radio
active decay but not for "envi ronmenta 1" remova 1 , such as 
radionuclides being covered with clean sediment. 

The suggestion has also been made that the : impact of slow leaching of the radionuclides into the 
river, presumably at normal river flow rates, should have been evaluated. The EIS discussed the 
existing and projected migration into the river of radionuclides currently in the groundwater 
under the Hanford site. The estimated maximum rate of migration was given as 2 x 10- 7 Ci/day of 
tritium and 2 x 10- 1° Ci/day of gross beta activity in 1980 with a concomitant radiation dose of 
less than 10-s mrem/yr to the_ma.ximum individual. 

There is no feasible mechanism for migration into the river under other than extreme incredible 
flood conditions of the radionucl ides held in soil or burial grounds within the Hanford site. 
However, assuming they could be transferred to the river and mixed with one day 's average flow 
(1 .2 x 105 cfs) then the doses listed in the tables above would be increased by a factor of 12, 
(viz . 1.4 x 106/1.2 x 105 ). 

If on the other hand the radionuclides entered the river slowly over a longer period , such as one 
year, then the amount of water availabl e for dilution would be 365 times as much as that availabl e 
in one day. The result would be environmental concentrations only 1/ 365 of those experienced 
from the sudden injection . Now , however, the residents would have ava ilable to them 365 days 
worth of contaminated diet so that the total internal dose received in the first year would be 
only slightly less than from the one day ' s injection (as a result of radioactive decay). The 
SO-year dose co11111itment would not change significantly . 

The changes in the external dose from exposure to contaminated shoreline sediments are more 
complicated, but integration of the buildup and decay of the radionuclides on the- sediments 
indicates that the dose in the first year is less from a slow release than a sudden release. 
This is because the sediment concentration only builds up slowly over the year and reaches a 
final concentration after 12 months which is less than the initial concentration result ing from 
the sudden release (again as a result of radioactive decay) . Since the radionuc li des of interest 
have radioactive half-lives . of one year or more, the differences would be small . The SO-year 
dose c011111itments from a shoreline exposure would again be similar to, but slightly less than, 
those experienced from the sudden injection situation. However , there would be an opportun ity 
for the consl.Dllption of irri gated foods if the release were chronic . Consideration of the radio
nuclides involved and comparison with the radiation doses listed in Vol 1, Tables III .1-7 and 
III.1-12 of the EIS indicate that this additional dose would add less than 20% to the total dose 
from liquid pathways. Coupled with the decreases noted above , which would result from radi oactive 
decay, no significant net change in the radiological impact would occur if the release were 
chronic rather than sudden. 
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X.25 COMMENT LmER (Continued) 

ColT'lllent 

The strong criticisms in Dr. Deju's reports conceming the existing hydrogeological data, computer 
models, and hydrological testing and monitoring, are not fully reflected in the draft statement. 
In order to have met the full disclosure requirements of NEPA, they should have been thoroughly 
evaluated and considered. 

Response 

Text Changes Made - Vol 1, Section II.3.8 .3 and Vol 2, Appendix II . 3-C and Section II.3-D.7 

Corrment 

The conclusion in the draft statement (DEIS page IX-8) not to reduce further the amounts of 
radionuclides in intermediate-level effluents discharged to the ground at Hanford is based on 
short-term economic savings and not on a full evaluation of the potential long-term costs and 
environmental effects of this continuing practice. 

Response 

The final statement presents additional analysis of the impacts of the various alternatives . 

ColT'lllent 

There should have been a full consideration of the possibility -- in our view, the almost 
certainty -- that the N Reactor and Purex Plant will operate far past 1977 . By restricting the 
time frame to the date that the existing contract expires is misleading in light of the past 
extensions for operating the N Reactor and the great political and social pressure which has been 
and will continue to be applied to extend the operating life of the N Reactor . 

Response 

Text Changes Made - Vol 1, Section V. 2.1 

Co1T111ent 

Under the alternative which assumes that the N Reactor will operate into the 1980's, the draft 
statement should have considered fully the need for N Reactor plutonium for nuclear weapons and 
specifically evaluated not reprocessing the N Reactor spent fuel in the near future. 

Response 

The plutonium is needed and is scheduled for use to satisfy ERDA requirements. Also see Vol l , 
Sections V.2.2 and V. 2.3.2 .2. 

Co1T111ent 

The Guidelines of the President's Council on Environmental Quality (40 C.F.R. Part 1500) require 
(Appendix I) that draft environmental statements be accompanied by a Swrrnary that reveals 
specific information. One of the informational requirements for the Surrmary is listing of the 
"[n]ame, address, and telephone number of [the] individual at the [responsible] agency who can be 
contacted for additional information about the proposed action or the statement." The Summary in 
this draft statement does not list such an individual and does not contain other information that 
is required. 

Response 

This information is on the Su1T111ary Sheet provided with the final statement as required by CEQ 
guidelines. 
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X.25 COMMENT LETTER (Continued) 

Conment 

The presentation of data is frequently very imprecise, confusing and misleading. Virtually no 
estimates of accuracy or reliability of data or calculated values are given. In order for the 
values listed in the draft statement to have been meaningful, the best estimate of error in 
measurements should have been presented and there should have been descriptions of simplifying or 
other assumptions that were made in deriving various results. For instance, if radioactivity is 
measured by taking a "grab sample" -- a procedure that can give fallacious data -- the controls 
and checks that are performed to ensure that the sample is representative of the actual condition 
should have been discussed. 

Response 

Some information on the accuracy of the data has been added. The frequency and number of samples 
given are generally included in the statement or the references. The numerical values presented 
frequently are at or near the detection limit of measurement. Usually changes in the measured 
values by factors of 2, 5 or even 10 would not change the conclusions. Improvements are continu
ally being made on the collection and analysis accuracy of environmental impact data. 

Conment 

The accuracy of numerical values should have been reflected in the way in which numbers are 
written, as is standard in scientific writing . For instance, the amount of plutonium in the 
bottom of the Z-9 crib is listed in Table III.2-26 (DEIS page III . 2-51) as 38.0 kilograms, as if 
the last place were significant, i.e., as written in standard meaning is that the amount of 
plutonium is precisely 38.0 kilograms and not either 37.9 or 38.l kilograms. However, a footnote 
indicates that the true value is unknown, but it is believed to be between 25 kilograms and 
70 kilograms. 

Response . 

Text Changes Made - Vol 1, Section III.2.10 

Conment 

The data presentation is frequently inconsistent in the use of units . For instance, in one 
section (II .1.1.4) which sunmarizes inventories of radioactive wastes, the amount of plutonium-239 
in solid wastes buried in the ground at the 200 Areas is listed in grams, or units of mass . 
(DEIS page II.l-126) On the other hand, the amount of plutonium-239 estimated to be in under
ground tanks by 1980 in the 200 Areas is given in curies, or units of radioactivity. (DEIS 
page I I. 1-127) 

Response 

The document has been reviewed and efforts made to further standardize the use of units consistent 
with the anticipated preference of the reader . Generally, in this particular scientific area the 
metric system ts preferred yet centigrade for temperatures is apt to confuse some readers. 
Similarly the use of grams in lieu of curies is favored by some. Where simplification was 
possible changes were made. 

Conment 

The same factual material (is reported) differently in different sections . For instance, even 
with regard to such a simple question as the number of underground tanks 'at Hanford, the draft 
statement is confusing. At DEIS page I-1, the draft lists 152 tanks existing and 4 more under 
construction, for a total of 156 tanks. But, Table II . 1-4 (DEIS page II.1-72) mentions 
151 existing tanks with two new tanks under construction, for a total of only 153 tanks. A few 
pages later on, the draft states that there are five new tanks unde~ construction (DEIS . 
page II.1-78). In the next chapter it is stated that there are 153 underground tanks existing 
(DEIS page III.2-2). While at DEIS page V-16, we are told that at present there are 152 tanks . 
Thus, depending on the section of the draft statement, there are from 151 to 153 existing tanks 
and from 2 to 5 tanks under construction. 

X-93 



a 

X.25 COMMENT LETTER (Continued) 

Response 

The text has been reviewed for inconsistencies and corrections made to show 152 tanks existing 
and 4 more tanks under construction. 

Conment 

At DEIS page 11.1-57 the draft states that more than 50% of the discharge to the crib reaches the 
River in 4 to 10 days. In the next chapter, the draft changes to an assertion that the minimum 
travel time for radionuclides between crib and River is 3 to 5 days (DEIS page 111 .15). Yet a 
third fonnulation appears in the Appendix, where the draft estimates that about 20S of the 
discharge takes 2 to 4 days to reach the River. (DEIS page II.3-D-51) 

These estimated periods for travel time between the crib and the River are, however, much shorter 
than the average flow time calculated on the basis of other infonnation in the draft statement . 
By using 10.8 feet per day as the average flow rate of the groundwater (DEIS page II.3-D-44), and 
800 feet as the distance from the crib to the River (DEIS page II.3-D-51), the average flow time 
should be about 74 days. Thus, the expected average flow time exceeds by a large amount the 
actual flow time for at least a major portion of the discharge. 

In light of this seemingly contradictory information in the draft statement and information in 
previous studies which measured the travel time of tritium in the discharge to be 79 days, a fu ll 
explanation is needed of how such a large fraction of the discharge and some of the radionuclides 
released to the crib can now arrive at the River so fast, compared to average groundwater flow 
rates. The draft statement should openly admit, if it is true, that severe channeling has taken 
place beneath the 1301-N crib and that 20% to 50% or more of the discharge flows fairly directly 
into the River, instead of moving through the soil in such a way as to retard significantly the 
migration of radionuclides. If, in fact, there is substantial channeling, then even under the 
most narrow interpretation of the AEC's regulations the discharge to the 1301-N crib is to an 
unrestricted area. The draft statement should have explained, in this case, why the discharges 
to the 1301-N crib do not meet the criteria for releases to controlled areas contained in AEC 
Manual Chapter 0524. 

Response 

See response to similar corrment in Letter X.24 . 

Corrment 

In 1972, about 7000 curies of H-3 and about ten curies of mixed radionuclides ~ere released via 
seepage from the 1301-N crib into the Columbia River. Additionally, in 1972, the large discharge 
pipe for the N Reactor's cooling water carried about 1400 curies of mixed radionuclides to the 
River. (DEIS page II .1-B-30) In 1973, according to the draft, about 480 curies of H-3 and five 
curies of mixed radionuclides seeped from the crib to the River (DEIS page II.3-D-52). For 1973, 
the draft also provides figures for the total number of curies actually released to the 
1301-N crib itself, indicating that more than 5500 curies of mixed radionuclides (including about 
480 curies of H-3) were discharged into the 1301-N crib from the Reactor. Assuming similar 
behavior of the radionuclides in traveling from the crib to the River each year, thousands of 
curies of mixed radionuclides must have been discharged to the crib in 1972 as well as in 1973. 

To some extent these data are inconsistent. The fact that 7000 curies of H-3 appeared in crib 
seepage during 1972 implies that about 7000 curies were discharged to the crib. Yet in 1973 it 
is claimed that only 480 curies of H-3 were discharged to the crib, which then evidently seeped 
to the River. There is no explanation of this apparent difference in the apparent amount of 
tritium released to the crib from year to year in the draft statement. 

Yet in assessing the potential reduction in radioactivity released to the crib and to the River 
if the N Reactor did not operate, the draft apparently assumes that the N Reactor is currently 
discharging and would discharge in the future (a) only 200 curies of presumably mixed radio
nucl1des (not including H-3) to the crib, (b) less than 500 curies of H-3 to the groundwater 
(presumably meaning less than 500 curies of H-3 to the 1301-N crib), and (c) less than ten curies 
of presumably mixed radionuclides to the River. (DEIS page V-11) In other words, although the 
N Reactor has apparently been releasing thousands of curies of radioactivity in recent years to 
the crib and to the River, the draft assumes, without explanation, that a similarly large amount 
would not be released in any future year to either the crib or to the River if the N Reactor is 
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X.25 COMMENT LmER (Continued) 

operational. While this may be a convenient assumption for the C011'111ission's argument that not 
much would be gained in tenns of reducing .radioactive releases if the N Reactor were shut down, 
we could find no justification of this assumption in the draft statement. For instance, there is 
no listing of an effluent control project for the N Reactor during Fy 1973 to Fy 1975 which would 
accomplish this reduction, although $42 million of waste management projects are described, 
including some for the N Reactor. (DEIS page V-25) 

The only other reference we co~ld find to any reduction in radioactive effluent is the simple 
assertion in a footnote to Table III.1-2 that, "The [total] annual discharges [from the N Reactor 
to the Columbia River] have been reduced to< 500 Ci/yr tritium and< 10 Ci/yr of all other 
radionuclides after CY-1973." (DEIS page III.1-7) To achieve this result thousands of curies of 
radioactivity would have to be removed from the cooling water discharged to the Rivtr and the 
bleed water to the crib. 

At the least, there should have been an explanation of how thi.s dramatic reduction in radioactive 
effluents by thousands of curies was accomplished. However, it seems to us that the favorable 
numbers are simply in error. On February 2, 1974, the Richland Operations Office, in answering 
one of our interrogatories,* stated that the current schedule was for 340 curies of mixed radio
nuclides with half-lives over 1 year and 200 curies of H-3 to be discharged to the 1301 -N crib 
during the years 1974, 1975, 1976, and 1977. 

Response 

The numbers present in t he impact statement are not inconsistent nor selected values. The data 
for 1972 and 1973 are based on effluent measurements. The large tritium reduction was realized 
by a change in irradiated products required by the Department of Defense which resulted in 
considerably less generation of tritium with no change in reactor facilities. Some reactor waste 
lines were rerouted to provide recirculating systems at nominal cost . The line changes resulted 
in some reduction in releases of fission products to N Crib. The lower quantity of tritium, 
480 Ci released in 1973,is consistent with the< 500 Ci estimated not to be released if N Reacto r 
shut down . The 200 C1/yr not added to the N Crib is the difference i n the net crib i nventory per 
year if N Reactor was shut down and is consistent with the 340 Ci ant icipated to be discharged t o 
N Crib in 1974, 1975, 1976 and 1977. The difference, 340-200 ~ 140 Ci,i s the decay of radio
nuclides with half-lives over one year that will occur in N Crib per year. The estimated 200 Ci 
of t ritium estimated previously is the quantity expected to be released in future years and, in 
fact, is confi nned by the 1974 -measurements whi ch indicated 190 Ci discharged to the river. 

Comnent 

The draft statement fails to point out that this "marked increase of spawners ... is most likel y 
related to displacement of fish due to inundation of previously productive areas." Thus , the 
conclusion that the thennal effluents were not deleteri ous, based solely on the observation tha t 
the spawning fish population increased, is unwarranted. Indeed , additional infonnation presented 
within the body of the draft statement indicates that the thennal effluents can be detrimental 
to juvenile salmonids. 

Response 

Text Changes Made - Vol 1, Section II.3.10 .1.6 

X.26 COMMENT LmER, U.S. Department of Transportation, Federal Highway Administration, 
Portland, OR 97204 

Conment 

If Hanford Reservation authorities are faced with a shut-down of the N Reactor and the Purex 
Chemical Processing Plant and nuclear fuel is shipped offsi~e for processing, then close coordi
nation between AEC and the U.S . Department of Transportation would be required regarding trans 
portation and handling of hazardous materials. This should be so indicated in the final 
environmental statement. 

*Supplement to Defendents' Answers to Plaintiffs• · Interrogatories dated February 22, 1974, at 
p. 3, Natural Resources Defense Council Inc. et al . v. Ra et al., Civil Action No. 3924, 
E. O. Wash . fi ed ug . , 973 • 
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X.26 COMMENT LETTER (Continued) 

We presume shipment would be by rail. The final environmental statement should indicate the 
method of shipment, how and what precautions would be observed in the transport of the irradiated 
fuel . The Federal Railroad Administration advises that the transportation of radioactive 
materials by rail is considered to be a safe method if all of the present federal regulations are 
complied with . This must be accomplished not only by the carrier involved but also the material 
must be properly prepared for shipment by the consignor. 

If Hanford Reservation authorities are faced with the ultimate disposal of high-level wastes, 
packaging and shipment to an offsite repository (alternative #4, DEIS page V-22), then we recom
mend the final environmental statement indicate that any AEC investigations for such packaging 
and transport of wastes would be coordinated with the U.S. Department of Transportation. The 
draft environmental statement appears to indicate the transport mode cannot be determined at th i s 
time by AEC without completion of extensive research and development activities. 

Response 

Text Changes Made - Vol 1, Section III . 1.1 .4 

Corrment 

The surrmary to the draft environmental statement, DEIS pages I-1 through I-12, did not contain a 
list of those agencies, groups and individuals to whom the statement was furnished for review and 
corrment. We suggest this be shown in the final environmental statement pursuant to Council on 
Environmental Quality guidelines {p. 20557 of the August l, 1973 Federal Register - Vol. 38, 
no. 147 - "Appendix I - Surrmary to Accompany Draft and Final Statements"). This would show AEC's 
coordination effort with those agencies having jurisdiction and special expertise on the trans
portation and handling of hazardous materials {p . 20558 of F.R. Vol . 38, No . 147 dated 
August 1, 1973). 

Response 

These are included in the Surrmary Sheet that accompanies the final statement as required by CEQ 
guidelines. 

X.27 COMMENT LETTER, Arthur S. Kubo, LTC, EN, Assistant Professor of Nuclear Engineering, 
West Point, NY 10996 

Comment 

The EIS makes reference to the deteriorated condition of the waste tank liners; the short steel 
liner life; the interstitial, highly caustic residuum; and the difficulty of recovering solidified 
wastes from deteriorated tanks. These factors invite speculation on the unprobable though 
possible breach of containment and the sequence of actions that follow . Although alluded to 
(III.2.4 Salt Cake Storage Tank Dome Failure), no statement of definitive contingency planning i s 
made in the EIS as to how the salt cake will be retrieved nor where such a large volume of highly 
toxic, friable and water soluble material will be stored . 

Response 

This document is not an impact statement on ultimate disposal of Hanford waste. It is a state
ment on the current Waste ~ement Operations. An expanded description of the research and 
development in progress on ultimate disposal has been added as Section V.2.5. 

Corrment 

The proposal to continue reprocessing of spent N Reactor fuel should be reconsidered (V.2.1 and 
V.2.3.2.2). To be sure the incremental savings in storage requirements if reprocessing is 
discontinued is small, foregoing irrmediate reprocessing would preclude the production of the more 
difficult to manage neutralized wastes. Although requiring resolution of a few engineering 
obstacles, this course assists the overall scheme; it will (a) reduce the volume and storage 
requirement of diluted neutralized high-level wastes, (b) preclude strontium and cesium removal 
because of the longer preprocessing storage period, (c) leave open the option of transhipping the 
spent fuel to a corrmercial reprocessor, and (d) permit on-site reprocessing and direct solidifi
cation if the high temperature melt formation processes (V.2.4.3) are eventually utilized at 
Hanford. 
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X.27 COMMENT LITTER (Continued) 

Response 

The N Reactor produced plutonium is needed by the U.S. Government, hence, it will be necessary 
to process the N Reactor fuels to recover the plutonium. 

Comment 

Of most serious concern is the unaddressed question, "Does this present solidification program 
permit the ultimate disposal alternatives 3 and 4 (V .2.5)?" 

The ultimate waste disposal alternatives suggested for the Hanford Facility are unfortunate. 

The taxonomy of alternatives appears based on an escalatory philosophy of decision making, one of 
minimizing the current cost subject to public acceptance. This view does not clearly address the 
totality of safety issues today and in the long-term future, long-term surveillance and monitoring 
requirements, and the anticipated total cost of each alternative that accounts for not on ly the 
large initial capital costs but properly reflects annual operating and maintenance costs plus 
capital replacement costs in perpetuity. This narrowing accentuates the fact that if waste 
management is not funded on a current basis (with on-going programs), after-the-fact costs 
distort the decision making process. This aspect has a close analogy in the commercial high
level waste management program, and I greatly fear that an acrimonious public debate on the 
utilization of interim storage faci liti es (as they were originally des i gnated) as final disposal 
respositories will make current ERDA (AEC) argument on the creation of federally administered 
interim storage facilities less credible and even moribund. Much as the Lyons Repository had 
flaws, t he idea of ultimate disposal in near surface storage tanks is egregious, technically, 
socially, and environmentally. In thi s matter I feel that ERDA would do well if it directly 
pursued alternative #3 (V.2 . 5) as a minimum rather than the more circuitous course of action 
proposed. · 

_Response 

Text Changes Made - Vol 1, Section V.2.5 

Corrrnent 

The difficulties of altering the management scheme from in-tank so lidi ficat ion (alternatives 1 
and 2) to out of tank solidifi cation, packaging, and disposal (alternatives 3 and 4) have not 
been addressed. Ancillary to the waste recovery iss ue cited in l(a) above, is the operational 
difficulty of removing the salt cake and decommissioning the storage tanks. The anticipated 
conditions of the carbon-steel tank liners cause standard sl uicing and decontamination techn iques 
to appear infeasible. A more complete analysis of this difficult transition is necessary prior 
to ass uming that alternatives 3 and 4 are possible if current solidification practices cont i nue. 

Response 

Until the research and development leading to an acceptable ultimate waste disposal program are 
completed, it is not feasible to make definitive judgments on the problems that salt cake 
reprocessing may or may not be present. It seems certa in that salt cake can be recovered using 
solid material mining techniques. Development programs to define problems and technology for 
the mining of solidified waste are now in progress . Also see Vol 1, Section V.2.5. 

X.28 COMMENT LETTER , State of Washington, Office of the Governor, Olympia, WA 

A response was not required . 

X.29 EXHIBITS 

The comment letters are reproduced in full in this section as Exhibits 1 through 28. 
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EXHIBIT l 

UNITSD STAT&• DarAIITMIINT 0, AOftlCULTURS 

P'OftllST su,v1ca 

fO lox 3623 
fortland, Oregon 97208 

Kr. Jame• Ltvenun 
Atomic Energy Commi• aton 
W••hington, D.C. 20545 

a 

a 
~ 

8420 

October 22, 1974 

Your September 29 letter to Dr. T•hirley of the Secretery of 
Agriculture'• office a•ked for our c01111ent• on the draft environ• 
• ental • tat-ent for vaeta management operation• at the Hanford 
aeeervation near atchland , Waehington. 

The propo•ad action ta far removed from any National Fore• t land 
and ehould have no direct or aecondary effect• to National Foreet 
adminiatratlon. We have no coaaente to make on the draft • tatement . 

Sincerely, 

ll~?!::.vA 
Acting Regional Foreater 
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EXHiBJT 2 

COffC.i.kl,C:D ..:.L1•·0R •• 1, .. s 
A a t. 1 v u 3 t. & t. e • w 1 d e 

3eoret.14l'y - 2912 ila)'w&t.<ir Avenue - iian .l'euro - GA 907'1 

November 4, 1974 

Dr . James L. Liverman 
••slat.ant Ue •ral ~nasar 

tor dio111sdloal and invlronwent~l Reaearoh & 3afety ~rosra~a 
UnU.ed Jt. 1Hea ,U,o Iii.a iner15y Com .• lJ.Jlon 
WHhlngt.o I\, D.O. ao~'t, 
Dear Or. Llver11un& 

Thank you tor your let.t.er ot 3ept.11111bor 27, wlt.h ooauasnt. 5ulda 
and druft. environment.al at.ut.sment. on t.ha Wast.a l';anaseaeot. 
Oper11tlons on t.ha hanford Ressrvat.lon. 

The draft. at.at.e111snt. lndloatsJ thorough explorat.lon of the 
proJeot.. 

Our aole addlt.lonal 00111111ent. a t. t.hla t.lme 1a to aus,,:ut a note 
of seoioi!lO oaut.100. tterereuue 1:1 naa to u aou oontent or 
voloanlo ash - lndloat.ln15, ot oourae, Lbs prHem:s of vol01t rto 
aot.10 n at. aome polnt. ln t.hu1. ·rt.ere ar& three not-oo-long 
dormant. v0Loanl11 paaka wlthln relllthsly oloae prox1 dty to 
the lianford aite and, of oourae, t.hh whole nort. ,.we atsrn 
oouatul area la alt.uatsd on t.he aelJmlo 11 Rlnu of Flre'' whloh 
vlrt.ualJy enolrolea the dort.h faolflo. 

Tbeae fuot.ora might. gal n ln alsnltloa me 1C the perlod or 
waote 11t.or1AS• at. Hu.11Cord were to be ext.ended l rLo t.he tar 
tuLur". 

We look forward wl t.h l nter1::at t.o t.he rsleu11e or t.he flnal st. :, t. 3-

maf)L - und ln the u.sant 11110 wlau t.o exprus op.:ire o l :. :. 1 ::i n r or Lha 
otl'loltlm. and oourt.11oua 11;.;nn1:r ln whloh t.tl .. "' .. Lhr haa been 
handled. 

Jlnoerely 
Cutilei.K.'iiu ChLI r'utt. . u1;3 

0 ,., 

EXHIBIT 3 

~u.. of -OK. ~sLur M~cr y 
&o~w a"" ""'"Ctt\lrlll\u..f R,wu-eh •ML--> 

~"'11),~ffvtl~ 
U-~ . At-m-c.. ~"'''.>1 Uwl~._,._, 
~w~, -cc.. - d-O~ 1;;-

J.k..~ ~~ul- ib,<... l)(~ ~rs ilf.t~~ se....t- ~ n.c.... 

,eu~"' ~ ,~r, 1 ~ .. .(i..,-- ~e.,n~ ~ 

~L C4A.Ui.UAP\ -tk..t.. ~~~ of C#di~M. #.Mt./,#" 
<,.~~IN\ g(° ~ fG.-' j'"~ +~I.Hit<. •"'- -u,.·~ 

~~ or lt\. "4 o-u.cr. 

(c1i,UU ~ ~,JL. tJu._ ~) CL-f\UM.t ~ 

~ ~ tf<.ti= .. 'j41Wlt- if.fl ~~ "-M.. ~~-\. 

~ t&I.L ~"'- ~ ~ ~ Qw(.i•~ """",k_ . ' ... 
i-:. '""f"-SSM.. ..., rf.u(. ~ "-<. ~~,~ ~~" -h) .S..~K_ 

-d.l'5. ½ f'UIMU~ ~k.M-, ~. is CM(.. of 'U~. 

1'iu- S,t~~. M> ~ ~...,. ~ ~ '~c-t, 

lJ.A. 1.-ntk ~<-- ¥ ~ ~ ~ tJ...L u~--.- ~ 
~ "1~U-4~ . It· 

~~ +~~1 
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EXHIBIT 3 (Continued) 

,~ -tL- ~s ~"~ '"r'" c,(" ...,._9(.(. ~c.. ~ --"'-'--U, 
h.f~ M- ~~ i~"'"' ,f ~, ,t;tt . n- s~, ~ , 0 

-(¥ 11..4) 4U'kM.tw.. I\A~ bt'-1\ {ti"""°" ;, (4..L ,-i.,.-~ q ~ 
l>-k<.<;U~ ~ .. Ll.M.~j'h-~ --ia.,.!:~. ~ ~..Ullo\ ~ J -.\,A •' \ 

".,.)u;A •{ •• · WMA ,( ,._,. ~c....- Of Stnuw SUt4t., 

~t--f~ ~.1, ~'-- ._ ~L t"-c. ~~? ~ 
•\ if...t ••~'} ~J,--,14.,U "'"' 1~C4f'icitA>k,<7 Au. \«f, 
Df .. ~t')k., ~Wlf(l'-1 P""--t.lS Wj&.4'\t;pu, f>Cc~~ ~ 

1 

~---,t,M..f'~ of~ ...... 

lb wL -ski~ i"'4, A UuY ~ ~ U{<-- (N.A_ ~~ I IC~"> 

().N'... I-,\~~ "4t.. AJ- A. f''--"'-, I ~ · ~ tkC A-U..

tit~lk,_ ~ ht. ~ c,.1id\. j~t c...Jio.. . I ~ 

w"i ;~ "'1~ r ~.JI"'· /1..,A, "~ "'"IHiU,\ or A. rl-uc.. -n..-.r 

~"-ll._1 ~s "' ~- <Ok. M. ~ ~ .>f ~ 
1"-tA."4.cs, I WMt. -tJ,dt ~~°" if i.kt. 'l'U~"i> ~"11t-

~ .t,tht<" ~ ~~ ~ C .t.-.- u-4l 4-A. 1.4,.U.,. Ufti<

~,fu-- LA!>~ .....,.·.-,w- ~~ ~ {'-" ~~) or- iv 

._~oe~s ~ b\U.,I.!> of ~J f"~°"" ~ ~I.ts ~ nsL 
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Dr. Jame~ I. Liverman 
Asatetant 01:neral Manrtt;c r fo r 

l\iomc11J cul and l-:nv i ronmcn tal 
Reacarch and ~afety rrogr ams 

U.S. Atomic F.ncrgy Commioaion 
Washington, ll.C. 20545 

Dear Jlr. Liv crman; 

9 I -

EXHIBIT 4 

Stever. C, :Jholly I , 
1110 ~una Villa ~venue 
Camp 11111, PA . 17011 ( 1) 
18 November 1n4 

~nr.1"0::icd ·-:w1 u·, tl,1::. le tt er, pl c,,r.c find rny .:omments on U,u ,\i::C •;, 
Draft Environmental Sta t e111ent, waste Management Operationt1, Hanford 
Reservation, Richland, Washington (W&Stt-1538), 

I am deeply concerned about this p&rticular phase of the 
nuclear industry , and I :1incerely hope thut these comments as:i i:.t 
the Commisaion ir, the preparation of the Final En·lironmental Statement 
on this project, 

'!'he 011portunity to comment on the llraft Statement 16 apprcciutc,1, 
Pleaae ~end men copy of the Final : tatemcnt a::. ~oon ~o it iu DVhllDblc 
tor di:itr1but1on. 

0 °' l 

Commentu Regarding WA3H-153A 

tly :J teven C. !:holly 

General l'omments on Jnadeguacicu in the llraf't !Jtatemcnt 

There is a lack of discussion, even in general terms, about 
the aecuri ty arrangements at Hanford which deal with prev'!ntinG 
unauthor i~ ed entry to the Reservation and its various far.!litic~. 
Thia is particularly important· becau::;e of the chances ot 
nahotage and/or ar.to of •terrorism which coulcl disper~e larce 
quantities of lone-lived ruclionuclides ovf)r lcrr;e area:-; or lan:!. 

The waste otorage areas and the various fuel processine and 
rcpror.01rn inG facillttes nt the Hanford Rc::;ervation rcpre:;cnt 
lnvltlne tarrieta for potential sahotrurs or terroriatc, Thi~ 
:i i tuation has alreacly arisen with the Cal! Rid3e t:atior.nl 
tahoratory arPa in TennPSSee when a- hijacker threotenr.1 to 
croah a larce jetliner into the far.ilitJes there unless r.crtai:: 
demar.da were mrt , There is r.o ha3is for any assumptior. that 
the HJnford Rr.Gervation pon~esses a specJal immunity from thio 
or Dimllar acts of tcrrorisw and/or snbotage. 

Anolhcr reaaon ror a croup de::lrtnc rntry to the Re:rnrvati'.ln 
Is to steal ,,u:rntiU c:: of' fl: :1:Jle matcr1:,}:, for 11:.;e In hulldin~ 
a 1111r.lear wca 11on, A r,,i:, ,11~ liuuk l",y ';'.-.~ ':': .:,·::.:::- ·:::-l ~~' -"" 
Willrich dPt:d l :; the clan{!flr:: Inherent Jn thi:.; type of ar.L!.·,it;/, 

For thcce rr.a:.:c.ns, at le:u;t a ccncral cll:--:cu::wion of :;eruri l'J 
arraneementG at the Hanf~rd n~aervation i:; needed in th c ~lnal 
Statement . General disr.u::sJons of cooperating arrar.gements wltt 
local low enforc ement agencies, communication::; systems, and 
alarm systems and rcliponse times ohould be included. 

There is a lack or discuosion in the Draft about the impact o! 
an attack on 1hr. Rc :;ervutlcn tiJ a foreign rrlli tary powr.r·. Th"! 
potential impacts of resultant attacks with both convention~l 
and nuclear weaponry should be investigated and discussed, The 
Department of Dcfenac should certainly be contacted and involved 
in such lnve3tigationa. 

I believe that. it Js reactUy apparent · that such faciliti~s as 
Hanford are on hi Gh priority lists for military targets in the 
United ;ita tes , A normally less formidable nuclear power such 
as China becomes l!qual to th e most powerfully armed nation 
in the world when one conaid~rs the potl!ntial consequences or 
a aincle nuclea r weapon explosion at or ncar the wa:itc Rtorafie 
fac111 tico .:it Han fo r,1. Al though such on or.r.11rrence in, 
hopefully, htehly lmprobttbl·e 0 one i:,mno-t 1;J mply diam1:,:: the: 
possibility hJ ie~orJng th~t lt qxinta. Thr, relative actvant~c~: 
ond disadvantaccs of difftrcnt ty pes of wantc storage and 
diaposal method~ chould be dincu:ised , 
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EXHIBIT 4 (Continued) 

(3) Althoul~h several v11gue referenr.es are made to it, therr. lo (6) 
no oxplir.it d1sr.uss1on in the Draft ot the impact or po~~lble 
ccwuation ot waste manacemont operations at Hanford. Such a 
ftituution r.ould r.ome about ar. a result or a r.ata~trophir. 
radiological accident or as a result or political instability 
such as a civil uprising or overthrow of the government. 
While both of these p9ssi bill qes appear, on surface exa,qinatior1, 
to be rather remote, the consequences of such occurrences 
could be great and should, therefore, be discussed in the 
Pinal Statement. The seriouoness of this oituation is pointed 
out in the Draft Environmental Statement WASH-1539 , where on (7) 
page 2,3-19 it ts stated: 

The format of the Final :. tatr.ment should be revised from that 
of the Draft ~ tatr.ment, Conner.utive numbering of paceo 
(1,e,, 1-2-3-4-5-6- etc,) should be used rather than the 
:iomcwhat contu:-itnr. • ethod uuerl in the llrar.t :aatrmrnt, Tn 
~11.lltltion, oum11arte:; ot _o,,rh or the maJor u r.r.llnni: or th•• 
Flr111l !:t.ntrmr.nt, app11arl 111: :il t.h,, """ or ,,,,rh 11r.rt. lo11, wu111,1 
hr. hr.lpruJ to th-, readl!r . A table or nbbrevt11t1on:1 u::c•ct 
In thP. Finul 3tatr.mr.nt woul'1 be helpful in order to avoi1 
confusion, 

The use of such unquantified terms in the following ohould 
be avoided au much as possible in the Pinal Statement: 

•rea!lonable• 
"interi11• 
•small amounts of radioactivity• 
•incignificant quantities• 
Mdid not impact harmfully to any treat decree" 

-Pccauuo or the Jon~ period or ttme durlnc 
which high .. lttv11J. wa11t11 • ulit b• confined, its 
etoracc in any man-made structures such as 
tanks or vaults, no matter how oafe at pre
sent, requires a procram of ourveillance, 
with eventual repair or replacomP.nt, if the 
environment ls to continue to be protected." 

11 ,com11ent3 Regarding Specific Itemo in the Draft State11ent 
An estimation of the expected time lapse bPtween cessation of 
waote management and the onset of· unacceptable environmental 
consequences should be made. Also, the probability of 
reinstituting management practices after a protracted period 
of no such efforts ohould be discuosed. 

Jtc11 1--Pae;e I-5 

N (4) Thcr11 iR a ~enr.ral lack of discusoion ahoul quality anK11rancn 
procrams and redundancy (defense -in- depth) feat11rei; at the 
Reor.rvation. Particular attention should be paid to °'":ill ty 
aoourance procrams dealing wi t.h the collection, processing, 

•The mllxlm1111 done to an ir.diviftual from r.ffluent:1 released 
at Hanford In 1972 was 0.6 • rem/yr, while the doce to the 
averBce individual was 0.01 mrem/yr, The total-body dose 
to the P.Opulation within 50 miles of Hanford was 2.4 
• an-rem7yr tor 1972 which la only o.01~ or the naturally
occurring radiation beckcround of 27,400 ·• an-refl//Y.r_,• 

and evaluation of radiation monitor sampleo. The hearing 
of August 1973 about the Shippingport Atomir. Power Station 
hold by the 3pr.c1nl oelcct rommittee appointed by Penneylvania 
Govnrnor Milton Shapp partir.ularly emphasize'1 this lsnue as 
being critical to tho proper evaluation or hpalth ha~er~3 
aosor.latcd with fariliti~s h~ndllnc radionur.lfdes. ~~PlltJ 
~:-r.•irance {'ro;:r: 1~:; a~1 rrdu1.!:!nc1 !'ei.•.urt;::; ~ni: •Jl:! b-: c:::_.h~:;i;;i.:! 
in the Pinal Statement , 

(5) There are numerous ir.ctances in the Draft Statement ~r materials 
bcir.c cited in the text as evidence for a r.ertain st~lencnt 
made bJ the . author5 of the Draft. Generally, the bulk of th'! :: ~ 
matP.rials 13 not rP.adily avallahlP. to . thP. readrr or the Draft 
tor reference, P.ithP.r du~ to 11:nited Jl::~rltution of ::u,.h 
dor.Jments, or their high cont. When l t ls nr.cc::.~ary t.o rP.fer 
to cuch a docum')nt in thn Fir.al Statement, it would be hclprul 
It a oummary of the relcv;int, Information from the '10-:-i.:r." r.t 
bf!lnc cited wcnld appear in the Flnnl Stnlcmr·nt. Tt wr.,1ld al3o 
be helpful i r the render woult1 be told whrre and how h'! r.0111,f 
obtain co pie::. or material :: d t'!d 1n the text. of th•, Fl 11:11 
ntatement. Cilinc matnri ;i l:, and lnr.oq,or,,t.lnc them hJ 
refP.rcnre · c,nly ccrveo to r.onfu::.e the is:rn r.u , rathe r than 
clear) tatlr.g tho situation in non-technical lantuaec. 

COMMENT; )low wore the:1e rtcureo nrrtved at? Calc_u'la.tjon:i 
}P~4tnc to thr. ne flcurPS ph n ,~~ ~rrP•r· AP~~ 
appendix in the Pinal Statement. In addition, 
a list or similar figures for the last 15-20 
years should be provided, 1! available, tor 
detenaination of any trends involved with 
population doves ~aused by operations at Hanford. 
Increases within~ rew percent ot normal doses 
should be explained along with any decreases of 
similar magnitudes. 

Jtem 2--Pagee I-5 and I-6 

•A converoion of the population dose to health et!P.cts 
using the data from the National Academy of Sciences 
BEIR Report indicates that the maximum number of cancer 
deaths ascribable to 1972 Hanford oporatiohs is 0.0007 
for the population living within 50 niles ot the oite. 
Since the total number of hP.alth effects is far leas than 
one , it may be concluded that there are no health eff ects 
due to Hanford Operationo for 1972." 
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EXHIBIT 4 (Continued) 

COMMENTS; What about rr.:,ul te for otht-r yeuri.? Al :;o, 
aub- lethnl r. ffer.te and t1ynl'!rr.t1: U c I ratr.rat:t.lon:, , 
which apparr.n Uy have br.cn i enor ed , i;houl,t b1t 
accounted tor in the Pinal Statr.ment , A tab
ulation ot ·data tor the la~t 15-20 yearG ahould 
be included. 

:iecUon 1.-,.?, Pout11l:1l•··I ~ H:,11,11;,,,~r.nt Ar,r.ld'lr.l11 

COMMEllT& The analyoiu or the accidents deocri bed in thiu 
aection e~ould be carried out in detail and 
fully describeit in an appendix in the Final 
Statement. All neceseary paramenters and 
asaU11ptions should be stated , and the 
reliability of the resultant data should be 
tested or at leaet estimated. 

Item 4--Page 11.1-11 

"Thu tirut tbnk&J were tor nonboiling waste,,.These tanks 
are vented to the atmosphere through air-cooled reflUJ[ 
condenser:i , " 

COHMENr~, Is this effluent stream monitored for 
radioactivity? What is the efficiency or 
tilterint; oyotem tor relevant radionuclidea? 

Item 5--Paco II.1-R7 

"Thcf\.- dry well a and lnteraln are monl tor•Jd for raJ lntl on 
lnr.reaa~o on a rre~ueocy dP.tr:rmlned by th o ~tatu :.. or the 
lank, c,e,., whcthr.r thr: t a 11k 1:; ar.tive, lnur.tlv<', In 
r•etrtr.t"~ uaP 1 etc," 

COMMENT; '!'his ohould be described tn mor e itctai l , wi t.h 
ficures civen for representative sampli ~r 
frequencies, 

•An extcncive network of wells is providPd for samvltng 
groundwater:::. Groun1wat.crs n:. soc~ated wl th w.;st e di :: po:?al 
::ttc:: .'.l r " rt"Utin r:1:,• :· :\mfl":t •• r1 ")r ': l~•:.; n~." 

COMMENT; •The frequenr.y of :::impllnt; .'ln:\ t he pror:n'.1 ·,r"':: 11::1>1 
for Barnpl lne a r>:l analy::i f: of the i;u:npln:.: :i~oul'1 
be ful l y de:.:crlbcd i~ the Pinal St a te~~~ t . • 

Item 7--rage II.1-~4 

"CurrentlJ no apprecintle ~uontity of plutonium is 
diacharced dircc-:tly to t.h~ ground.~ 

COMMENT; What r.onsti tutr,:.: an "ai;p!'rcl;:ihle quantl ty"? 
Thi£ •1uantt ty .,hould be r,11:1.1:rically_ dP.:i<'rUl"',j~ 

!1fllll A--raso TI.1-'17 

11 ::., l I ,I w11:r1., , I :• "" 1·111111 ly ruv,•t'f'•I wt I h Ill I" :'1.1 r,,, . , 
ot ear lh l. \l pr••v,.nl. 11pt,,kr. or rudlonll'·llde:J hy plnnl 
life or ,Hoturbance by burrowing ar.lmals." 

COMMENT; When is this procedure not followed, and why? 

Item 9--Page II. 1-10-, 

"Gaseous effluents from the 200 Areas facilities are 
limited to airstreams coniaining relatively lqw 
concentrations of radionuclidea, either in caseouo or 
entrai n P.rl l'articula<:c form," 

COMMENT; The efficiency ot the filters ua·ed should be 
listed, as should be the name, form, half-life, 
and number of curies of each radionuclide 
which might be released. 

Item 10--Fage 11 . 1-115 

"Wherever practical, airborne radioactive materials are 
romove,j from exhaust eases near the hood, glove box, or 
cell in which they are generated." 

COMMENT; When ill this procedure not oractical? What is 
done in c1rr.um6tances where it is not? 

Item 11--Fage 11 , 1-115 

"The tilters are tested followinB installation and on a 
scheduled fre~uency thereafter.• 

COMMENT ; How often arc the filters checked after 
installation? What is their average lifetime? 
How lone would it take to discover a filter 
fni lure? 
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EXHIBIT 4 (Continued) 

Item 12--Page II.1-127 

"The estimated decayed inventory of radioactive matPrials 
stored in tanks in the 200 Area throueh 1980 are summarized 
below," 

COMMENT: This listlne should be projected through to the 
year 2000 A,D., rather than just to 1980. 

Item 13--Page II.1-130 

"After thP. aqul rer arf'a wa:.: dtvltlcd Into 1000-foot :::111:ir" 
cells, the nmount of contnmin,1nt In each cell waJ ::umrnP.d," 

OOMHEHT: How 111any cells were there? 

Ttem 14--Pnge II, 1-13B 

"Flr11 111 ,, rnn,ot.,• l:1hor:1L,,ry f:irlllly r••lr•:,11r.d .,houl. 
'1 t cf pl!1l1,nlum," 

COMM.Im':. ThiE incident should be clcsr.rll,cd ln detail ln 
the Final :.itatPment. Wai.. any plutonium from 
the fire detected offsite? 

Item 1~--Page II.3-24 

(It is noted that the seismic risk maps in this section 
consider an historical record of about 100 yearJ, 
durl nc which the low populntton drrn:.ltJ of th'! area 
ma,y have reuul teci in there being no record of 1:unall 
quakes an no damage.) 

COf\MENT; This record does not appear to me to be adequate 
for neismic risk prediction, eapecially 
consideri11g the 9tate-of-the-art in earltquake 
prediction. rerhaps a more conservatjvc 
estimate of the maxl11111m por:..ible croun,I 
acceleration is in order. This posclbility 
should be exvlored, anrl the advice of the 
u.~. Geolo~ic Survey 5houlrl be asked in thi:.: 
mattr.r, 

(List of ar.cldents considered under topic of waste 
management acciJents.) 

COMMEllT: The list of the above-listed page does not 
include such items as airplane cr~sh, military 
or industrial sabotase, or acts of war. These 
Items should be included and discussed with 
appropriate detail. 

Item 11--r~se 111,2-2 

"The causes of leakn havr. been either corrosion of the 
carbon ste~l tank liner (cencral r.orro~ion, pittir.c 
corrosion, or stres3 corroaion crackir,e) or mecha.nlc:al 
failure of the steel liner (thermal expansion due to 

•local overheating or buckling due to other causes)," 

COMMENT: How many tanks were involved with each typP. 
of failure? 

Item 1e--Pnce 111.2-3 

"With thP. improvc-d lr.ak .ctr.tl')r.tton ::y:;t_r!I':-, pr1,r.P.c1•1rr>:: a n•I 
incrcao r.d frequcnr.y or moni to rir.U ..and manacemP.nt at. l~nt.ior:, 
future lenkage iu expr.r.ted tn be detr.ctr.d at lrco llan 
,o,ooo eallons. Jt lo not brylieved that a lenk as l~rce 
aa the 106-T quantity of 115,000 callonc could or.cur again 
under normal plant operation:-:." 

r.onMF.::T: Why 1:-: thir. b,.11,.f h<-ld? Thr. new µroi-,,,11,r, ·:· 
nnrl prf'cautlor.;; tal: r.11 ;; lnrr U,r lral: " !' lur.k 
10t:-'1' :.:houlc1 he c1r.tnllrd. What mi f: t-,1 t,• t.h•· 
:.;lzr. of a \P;ik undrr ahnnrM:11 plnnt •'i'"l':11 Inn :: 
c-omHtl:in:.? 

Ttr.m 19--rage 111 . 2- 1~ 

"The ohort~:.;t eotimnted groundwater tr~vol time to the 
Columbia River from the 200 Areas und~r present water 
table con~ltior.s is 20 years." 

CO~E~T: What estimated trav~ls times are ercdic-tP.d 
fnr ,; thrr ,-: nt n ~ t ,tl-1,. ~01,r!l t, l r. r :: ( 1 . c.,_ ~tc1-. 0 r 
und lower water table levelu)1 

llrm ?0--Pner. III .~-1~ 

IIJ.:?.3.1.3 :;nal 1"atl11rry in f.7ha11:;t l'lptnc 

COMHf.NT: The oeal failurP. ur.c!dent shou)d be ful : y 
analyzed. Would the 5amr. typr.6 of radionuclidec 
be relea5ed an Jr. thu dome failure accident with 
which the oeal failure accident is r.0111pnred? 
Would th~re be any differenr.e in degree ot 
rlisperolon? J:; there any difference 1n 
probability or occurrence between dome fa.ilurea 
und seal failurP.n? 
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EXHIBIT 4 (Continued) 

Item 21--Paee III.2-16 

III.2.,.2 I.ow-Heat Wa:ite Tank:.. 

COHHENf; Accidents involving low-heat wa:.te ca:ieoua 
release sy:..tem~ :..hould be fully analyzed to 
be certain that the consequences are, 1n fact, 
not an severe as with hich-hea t waste tar.ks. 
Number:.. of tank=, pr~hahlllt i ~u of fallur'!c, 
and types o! rudionuclided involved should be 
considered in this ~nalysis. 

Item 22--Page III.2-17 

•A life of 100 years and probably loneer could be reasonably 
expected ba:..ed on life of other reinforced concrete 
s\ructures (bridges, dams, etc.)." 

COMMENT, These other structures (bridees, dams, etc,) 
are not subject to radioactlv!. ty exposurr r,3 
the waste utornec tanks arc. Could thi n fact 
havu a bearine on thll expr.cted lifeth1e or thP. 
waatn atorace tankn? 

TtBM ?}--rage JTJ.?-17 

"I. iln1110 f:,ilur• · of a tank filled wltli ::alt. cakP., whllr 
hlihly lmprohab)P., could be poa~lblc before ultimate 
dinposal of the waste i ·s acr.0111pliohed, • 

COMMENT; ~at could be the consequences of such a failure? 

Item 24--Paee 111,2-22 

"An inventory of 5 year old waste with 95% of the strontium 
and cesium removed by B Plant processing was selected for 
consid'!raticn." 

Jtem ?6--Page 111,2-37 

~The train chipments are operated in a conservative mnnncr 
and the tracks nre maintained in a goo~ state of repair." 

COMMENT, This statement chould be expanded and expressed 
in more detail, The U.S. Department of 
Transportation should be requested to P.valuate 
the sanner in which the train shipments are 
operated and also the state of repair of the 
tracks. 

(parairaph at the bottom of the page) 

COMMENT: It is highly unlikely that these !ieur'!s are 
correct considl)rine the state-of-the-art in 
earthquake prc:Hctlon. The means of deriving 
the listed probabilities ohould be described 
in detail, and an evaluatior. of these derivations 
should be performed by the U,S. Geologic ;.urvey. 

Ttem 20--Paae III,2-60 

~nctailed seismlc analy;.;e.: or the fl J'l:,nt T'!inforc~•I r.on,·rPl• · 
ventilation exhaust atnck huvn not l:r.r.n m.:.de, but little 
or no damnee in atack:i or thi:. typ'! after the 1971 ::an 
Fernando earthqtake." 

COMMENT; Jt in quite pos11tble that the experien,•p:; from 
the 1971 San Fernando earth4uake hnvr. 11 t1.l1· 
br.nrlrac on the nltuatlon at. Hanford. F.i,irer:tr;1l 
d1utan~'!a un1 difference~ In ha~~mcnt roe~ a~d 
3oll depth ahould be evuluatrd to check the 
relevance of this experience to Hanford, 

COMMENT: Is this inventory representative of what would Item 29--Page III, 2-60 
be encountered? A variety of situations choald 
bn analy2ed for consequences. (last paraeraph on paee) 

Item ?5--raee 111.2-27 

(oecond paraeraph on the pace) 

COMMENT: The :iafety ar.alysis reports referred to lihould 
at least be cummarized, 

COMMENT: These tac i 11 ti es 3hould be analyzed for riffec f.~: 
of the maxim~m credible earth acceleration, The 
re;mlt::, of thP ..; e rcn.:.l:,::;~:; ::~o ·,!1 he i!".~.:.u1~! In 
the Final Statt:ment. Thill is extremely important, 
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EXHIBIT 5 

Enflald, CT 
November 18, 1974 

· Ottloe ot J.ae1Bt1 ,nt. Generl>l V.nnaser 
Blomedlool & Envlronmentl>l Reeearoh 

& surety Pro~r~ma 
UBAEC 
woahinBton DC 20545 

D1111' airaa 

9 

I h:•ve 09mpleted u revlew of WI.S!'-153B. I ht.Ve found few ma.lol' 
•reaa of COD'lplnlnt, lllthoush there were numeroUI! typo~;rt>phlof•l 
error • whioh detruct.ed eo1newhtit tr'.lm h11 1,p!)l)rent qubllty ot 
the document. I especially found thtt Volume 3, with the Stott 
directory toward unawera to eoeoitio queetlona very helpful. 

The flnul edltlon of 'IIABH 1538 detlnitely ehould addreaa the 
problem or 11oid roln(tie noted in the July-!u5uet, 1974, 1eauo 
of Chemletry and in the aotent\tic r.marlci,n crtlole, "Nutrient 
Oyolea of un ii:ooeyetem.). There ~-re other e.rtlclee that. o:,uld 
apply to the problom, written by rabld e.ntl-nucleer ~roupa, but 
the two 11rticlea mentioned above, whlch lippear ln more moder1ota 
publicotlona, should definitely be addressed. 

On page III.2-17, urloua weakenlns of the tank doa,ea la mentioned. 
How cn •ild thla be deteotedT 

The NRDC oomment.11 on P8• 116 w\th roteronoo to the r11dto••otive 
duok w••o not very will unawered·. 

One uapeot th1,t w• -a not too well oovered wus the propoeed 
methodology by whlch the unfort.un1-'te n11eo1unCo5e,r.ent of the 
1 ~-T tt.nk leuk cc n be 11verted ln the future. 

Thenk you •IJ6,1n tor the opportur-1ty to review WJ.6!1-1538. I 
would llppreclute ~ oopy ot the final document, it poeelbla. 

Mfly I pleuse hove t, copy of o•ch ot the tollowlnsT 
The drott onvlronmentcl etotecent on the NRT5 (Idaho Nlltloni.l 
Enslneerlne Lvborut.orr )10:-n1°sement :uogri.mT 

The drutt onvlronment1:l ::it.utement on the 8liv&nflllh Rlver 
Plunt m• · na e;e,nent pro ,_rt<m, 

Very truly yours, 

/¾;f:/~ 
z:; E. Wlleon 
5 arooil: Ro ~,d 
Ent1eld, Cl' 06082 
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EXHIBIT .6 

J ... • L. ·Ltvenaan 
Aaalat.ant General Hanas•r tor 
BioMdical and Envirc.rur.ental Reaearch 
and Safety ProSrau 
United Stat•• Atomic Inergy Coaniiasion 
Waahirw;ton, D.C. 2054S 

1974 Nove!Dber 22 

Ilea Draft invlronmental St11te11ent.1 Waate Mana11ement Or,•1r11t.Sona, Hanford 
l1chl811d, Waahington1 IU.SH-1S)8 

lleaervat Inn 

Although I have been unable t.o • pend the t.iae which would be required 
to writ.a an adequate crlt.ictam of the subject Statement , I vant to utilize 
t~• opportunity you have afforded M t.o make at. least the following few 
obJactlona of the many I have noted, concernin& th• portion• of the Statement 
found on the pegea cited. 

1. (v) •nia objective of thia progr•11 la to cont1nug to exteJze the isolation 
of the hi&h-leval vaate tr011111a11 •• environment . • I thought averyone agreed that 
aome ••rloua aiatekaa have been made at. HanfordJ aucb a co111110nt. Jeopardizes the 
CNdibillty of the Statement. . (Emphaaia added.) 

2. iIV-1) Co-ittment to long term (thousands of years) control ls e proce•a 
unfoiliar to moat persona - detai l• ot the process of auch collll'·ittment ahould 
be deacrlbed. Alao, tha validity of the statement that the area coinn:ltted for 
1uch control doee not. conatltut.e a aignlficant adverse effect to the Hanford 
ecoloS1cal community cannot be evaluated without scM 1ndicat1ou as t o how 
one Juda•• what amount• to the el1• 1nation of a part of Earth . The aurveillanc• 
!~~!r~d ~~la~• o~h!~-~nt~rea~ing pot~t.3_· \lhat h involved in providing for 
-~•w1 .. l:i:.va .. ,. c .... ,, .. , •u•· uu,tance~ wnat. WU!. 1quare mile or irrigable 
lud be vortb tor th• period bot.ween now and then? 

) . (V-20) Poaalble devitrification or gla1s7 formations for radwaate solidi
fication ahould be discussed. 

4. (Jl-1 and •l•evhere) Current total radiation dose to the •general public" 
i• eatiuted to be 2.4 1'lill-rem/yr. No ra tionale for excluding si te employee• 
ind other• 1• offered. I would auggeat that total human exposure should ba 
lndic_atad. Not only are Hanford workers preaumably hl:.8l&n, but their genes will 
have plenty of ti- to bland with thaae of the •general public " ~•fore the 
Hanford aplaoda is ovar. · 

S. (III . 2-17) The tank doll8 failure rate esti1111te implies that tho dames will 
continue to be aa reliable as now after - how lona? 200 yeara1 Nothing can
aervative about this estimate . 

6. (IJl . 2-20) Calculation of gross radiation dose as done here ts probably not 
an adaqu• ta con_slderation of the hazard from dispersal of particulate tranauranlc 
elamenh. 

7. (lIJ. 2-22) It la curious that lu thia cat.o~ory (lino leakege) where a few 
accident• have a lreedy occurad t he r eitorated policy of conaarvatism tn cal
culati11& the poas1b111t1es of future occ~ronces seem, t o have dlaappeared . 

_,._ 

e. (111.1-52) "Observable r1adiologica.l effect•1° Pr11sumably Noffects ident.ifiabla 
•• being of radiologi~•l origin• is closer to th• !Dllrk. Running through the 
whole atatement, it. seems, l a a theme that exposure to radiation below guideline 
lav•l• 1

8 
•aat•• or Sn$lsn1ficant. Nothing in the history of the adoption and 

aodlltcat.lon of radindon eYf.O&ure str.ndnrds leads to such a concluaion. lt h 
apparently peraiaaible to kill a fav unknown people at unknown tiinea apd placea. 

g
0 

(Jll.'--6\ Poatulntion of • low enough 1eepaa:e to permit complete aorptlon of 
'j()Sr end 1]7c8 •••• to be other than th• •conaarvativa• approach claimed for th• 

StataNnt.. 

10. (Tll.1-31) A poaslble concluaion1 vo are being incautioua about the radiatioD 
baaards of Jat aircraft flight. \lhat were the authors conclusion•, which are not 
1tatedT I hope not that• poaaibl• axpo•ura to haaard voluntarily warrant• 
axpoalng paopl• to a hasard they have no control over1 yet thia sea-• to ba implied. 

11 . IIII.1-]1) Why call poatulation of a hasard · •unraallattc• because othar 
iraater and fluctuating hazard• exiat1 It would be 110re candid to aiaply atata 
that th• author• conaidar the haaard 1n• 1gnif1cant. 

12. (J . 6) Perpetual • urvaillance? Hov can ona propose it - recognise ita need, 
that 1• - without an attempt to aet forth th• budgetary, etc •• impl1cat.1on• 7 

1]. (JJI.t-S) It. 1• diaturbiDg that th• radioactive river bank •eepaga 1• 
apperantly to be allowed to continue. 

14. (JI . 1-78) The implication that aome questlonahlo radwa• to atorage tank• are 
continued i n aervice is diaturbing. How can va propoaa perpetual care vhlla w 
can't oov quick}¥ aat matter• right at HanfordT 

tS. (I.3.2) •In the •electi on of ••• aaswaptions ••• a consiatent attempt vaa 
aada to ba coneanative in ·the analyaia, that ls - to analyze the vorat condition• 
credible.• It vould be batter if thi • var• •elf-evident,•• is Car fro• the cua. 
Obvioua, aimpla, poasibilit.1•• have been entirely ignored, a.g., Cailur• to 
•intain tha ait• aa a re• ult of actions of hoatlle ailitary force •• 

In ganaral, thia daacrlption of the situation at tho Hanford Reservation 
1• deeply disturbing, as is the suggestion of contiuuing and even expanding 
activitie• there which would add to the enonnoua inventory or radioectiv• aateriala 
now hardly under control. 

H. W. lbHr 
Phyetca ·Dept . 
Calif. State Univ., Sacramento 
S.cra1111nto, Cal if . 95819 
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EXIIIBIT 7 

Kr, ti. II, l'ennington 
•••e•!n~ntu and Coordination Officer 
Oivi1lon of Biomedical and Environmental Research 
Atoalc Energy Conni1alon 
~a•hington, O.C. 20545 

Dear Kr. Pennington: 

Hov,,mbn 211 1974 

The t:ugcnc Future Power Connlttce woulcl like to 111ake th :i following 
brief c0111111ent1 on the draft t:nvironmcntal llll(>act :itatenient, " :laste 
tuna~ement Operation•, Hanford Reservation, Richland, ,llaahington," 
(~ash 1538), ~optemb6r 1 1974. 

On proccdurGl IIIAttera: 

l. ,le feel that fn.:i<lequ.ito attention 11a£ given to obt.1inlng 
public input on thil etatemcnt. Richland 1s expensive to i;ct to, out 
of the way, and too far for 111Any people who are concerned an<l •1ual1fied 
to -k• connent• about the document , 

2. The document wa• often difficult to obtain and not widely 
diatributed to interested parties. Nor waa it Jistributed soon enough 
for people to study the document carefully. llow long did 1t take how 
-ny full-time paid profeaaionals to ·coa,plcte thi• draft 1tatcmcnt? 
It it impos3iblc for concerned citizens and professionals with other 
re1pon1ibllitie1 to mak• careful, intelligent co111D1nt1 within a 1110nth. 

On the docU1111nt it1elf; 

J. N~ detailed plan ia given for the pcr=nent Jispo~ul of hlgh
lovel rudioactive wastea, Thi• is easential and the document is unacc~ptable 
without it. 

4. The coat-benefit enalysis is not detailed enough and Joe, not 
include long-term perm.Jncnt storage , More thorough attention must be given 
to this matter before this important policy question can be resolved. 

S. Je continue to oppose J1~pO$al to the soil of •lcnlflcant 
amounts of liquid radioactivo waste. This practice is not justified by 
data given and available , 

Thank you for the opportunity to coanent 011 this draft statement •. 
.,,, hope our remarks and the co111111cnte of others wi 11 be fully considered in 
the final docwuent. 

:iincercly, 

~tpuv84 
Lynn Da ly, :.ecretary 
E,, ., ene future Power Co111nl tteo 
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1t·l- 11h• t1tc ft·••&.· \••••,.,.,, _.,,,, 

November 21 , 19711 

Mr. W. H. Pennington 
Assessments and Coordination Officer 
Divleion or Biomedical and 

Environnental Research 
Atomio Energy CoD1111ission 
Washington, D. C. 205115 

Dear Sir: 

Enclosed please find comments on the draft Environ
mental Impact Statement (Wash 1538) titled, "Waste 
Management Operations, Hanford Reservation, Richland, 
Washington." Seotember 1974 . These comments relate ln 
part to the coverage in the draft of previous comments 
submitted by _the Eugene Future Power Committee prior 
to composing the draft statement. 

We feel frustrated by the short time allowed to 
consider this document and by the fact that the deadline 
tor comment was so close to that set for conment on 
Wash 1539 . It la quite unrealistic to expect people 
with full-time professional responsibilities to make 
detailed analytical studies of these lengthy documents 
in spare time wit hin a month or less. 

We thank you for the opportunity to conment on this 
document and we hop e that some of our remarks will encour
age a more complete coverage or the subject in the final 
document . 

ROW :ra 

Yours sincerely, 

{f'~{!}~ 
R. G. Wolfo/ 
Professor 
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EXHIBIT 8 (Continued) 
-2-

COMHl::NTS ON DRAFT ENVIRONHf.HTAL STATEHf.NT0 " WASTE 

MANAOEHl::N'l' OPl::RATION3 • HANFORD RESERVATION, RICHLAIID, WASHINGTON. " 

(Waah 1538, September 1?74 ) by R. n. Wolre 

November 21, 1974 

1- The atatement ia deficient in that it considers waste 

diapoeal on a relatively short time rather than on a perinan-

ent baeia. The true coat or long term isolation from the 

envirofllllent ia a relevant and important, in tact indiapenaable, 

aapect or environmental impact considerations. The environ

• ental atate• ent haa little meaning without it. 

2- The coat-benefit analyaia ahould be extended to lonv. 

term aapecta. 

3- The aubatandard containment ve& .. ~l on the IJ r t:a.:: tu1• 

ahould be diacuaaed in aurricient detail to be informat ive in 

ter• a of increased riak related to continued operation . 

,_ No diacuaeion or analysis or management practice is 

given. The atatement (page C-69) that, " ••. 11111nagemen t practice 

analya1a 1a a continuoua ongoing responsib1lty ..• " ~ !l2.!. 

11ake this topic beyor¥1 "the acope or this statement . The track 

record or accidental relea11e or radioactive wastes at Hanford 

haa placed management pract ices in question. As this sort 

or event relates to environmental con&equencea, the management 

practice and pol icy are importantly related to environmental 

i11p&ct whether or not auch practice, are auhJect to continuoua 

analyaia within the AEC. Thie very relevant topic~~ 

be swept under the rug with -oft-hand and arbitrary Judgements . 

5- The report makes no mention or independent analyaia or 

the data . In complex technical matters such aa these, subjective 

interpretations are not uncommon. The draft report lacka 

autficient detailed data for independent or adversary analysis. 

Matter, as important aa thoae diacusaed in this manuscript 

should not be limited in evaluation and analyala to one or a 

group or individuals under pressure to obtain, after the fact, 

arguments defending prevtoua practices or policies. It la not 

realistic to expect possible "subjective internal bias" to be 

adequately challenged and analyzed gratis by qualified experts aa 

a spare time effort. Independent analysis by qualified experts, 

encouraged to make and defend constructive criticism, ls a real

latte and preferable alternative to the apparent expectation 

tha t convnenta on EIS documents will acco111>liah this end adequately. 

The preaence or absence or independent analysis haa significant 

bearing on the quality of any EIS . Such independent criticism 

ahould be obtained and circulated for public comment along with 

the draft EIS. Your response to thia criticism could also be 

included, and without such independent review, the f.IS has little 

value. 

6- There ia a significant inconsistency in that it la 

stated that sr90 does not reach the water table· (page 11.1-90). 

t~wever, as shown in Fi gure II.l-C-35, this isotope ts indicated 

at 10-3 µCat the water table (depth of 60 meters). 



9 3 9 

EXHIBIT 8 (Continued) 

>< 
I _, _, 
0 

-3-

7- our comraent (pa~e C-67) regarding the possibility ot 

migration of radioactivity to the surface ha.a apparently been 

ignored completely, Prom the atatement (II. 3.8 .2 ,2) • " ••• the 

evaporation potential during the summer months greatly exceeds 

total precipitation •.• ". it follows that there must be net flow 

or water to the surface at some finite rate by lon exchan@e 

1111grat1on. Since " ••• prec1pita~1on does not penetrate 1110re than 

about 15 or 20 feet below the land surface" (II.J-0-50). there 

•ust be net migration from greater depth•• Since the highest 

radioactivity levels occur near the surface at the points of 

release into the ground• it la conceivable, with relatively 

reasonable aasumptiona, thllt dan~erous levels or radloactivity 

might migrate to the surface. There ia no evidence found by 

i.lah writer that thia matiter haa been considered, studied or 

otherwise appreciated in any of the available documents. One 

wonder& what the purpose or before-draft comments la tr they can 

be ignored. 

8- Since it la not possible to make quantitative accounting 

for released radioactivity, it ls quite posaible that high flow 

rate channeling to the Columbia River 111ay occur or that such 

channeling will oevelop with continuing groundwater run-off . 

The presenc~ of channeling is cited in at least one section of 

the statement (not related to radlolaotope (tritium) distribution], 

If studies designed to identify channeling ln relation to radio

isotope dlstrlbutlon h1ve been made, it ls not rearlily apparent 

in the ._, : t statement. Statements to the effect that radio-

----------- - - -------

_,._ 

hot.opun ore anfely conta1nel1 lnck crr.11thlllty without approprlat. -.: 

meaauremento that exclude the ahove poas1b1lity, 

9- Insufficient data was given in Figure II.l-C-35 to aupport 

the atated downward migration rate of 1,5 meters per year, 

10- No mention ls made of the posaibllty that nuclear power 

reactor fuel reprocessing might be necessary at Hanford becauae 

of the failure to complete the Oeneral Electric reprocessing 

plant due to design errors, It would aeem that continuing fuel 

reprocessing at Hanford might influence very slgnlflcantlJ the 

environmental impact atate•enta made. 

11- The page numbering and indexing of the draft statement 

la confusing and cl.lllbersome. Similar numbering in the statement 

and Appendix should be avoided in the final draft. 

12- The statement 1n general la lea• quantitative than 

deairable, especially for the purpose of critical analyals. 

13- Value Judgement words such as "appreciable" and ''practical" 

are obfuscating and ahould be avoided where poaalble or subatl

tuted for by 1110re quantitatively precise eapreasion. 

1'1- Once-a-century or 1000-years flooding should be 

considered exclusive of the behavior of the Columbia River. 

Considering the 2- 0 000 year half-life of Pu239 this la not an 

unreasonable consideration. Aleo, lt should be recognized that 

such flooding or flash flood effects would not be iooderated by 

the dam control features on the Colwnbla River. 

15- The matter or guaranteeing the long term (hundreds of yeara) 

eaponsiblllty for malntainlng isolation of wastes f rom the 
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environ•ent ia a Mttcr or oona1derable concern. particularly 

1n relationahip to the atabS11 t y or ooman political inatttut1ona . 

Thia topic haa apparently not been mentioned. It ahould b·e 

conlldered forthrightly. 

To ,um up, 1t 1a dl11111aylng and rruatratlng to find that 

many or the commcnta on the drart EIS· made previously by me 

(and perhapa others) and which I consider to be relevant , ba&lc 

and indiaponaable, have not been alluded to at all in this 

document or have been treated in such unpreciae alll1 value-laden 

ter111a that their inclusion 1s without practical worth. It 1a 

• y opinion that thla EIS for Wa&h. Manae;ement 0perattona _.t 

llanrord doea not fulfil l 1ta purpose aa aet rorth in thd Environ-

11ental Protection Act. I particularly streaa the need to aubmit 

the atatemen~ l'or 1naependent critical review ano 1•ur t her 

public comaent before adopting a final report. 

0 9 

EXHIBIT 9 

UNITED STATES DEPARTMENT OF AGRICULTURE 
AGRICULTURAL RESEARCH SERVICE 

WA&HIHGTOtl, O .C. IOIM 

Hr . Ja• ea L. Liverman 
Asatatant Genera l Manager for Biomedical and 

Environaent a l Research and Safety Program• 
At-1c Energy Co- l ssion 
Waahington, 0 .C. 20545 

Dear Hr. Livenasn : 

NOV z • 1174 

The Draft Environmental Statement, WASH-1538, Waste Management 0pera
t 1one, Hanford Reservat i on, Richland, Washington, ts very comprehensive. 
The agricultural aspecta appear to be correctly analyzed. The • oat 
aerioua agr i cultural concern la the irreveralble commitment of land oo 
which tran•uranlc ma t eri a l • are stored . AlthoJgh the 6000 acres of 
deaert land that a re tdent1ft•d with the Hanford operation would have 
r e l atively little i mpact on the national food production system, a 
proliferation of auch trrever• lble land use commitments would be of 
considerable concern. The development of a recovery program alter
native ahould certainly be given hlRh priority. 

Sincerely , 

. .-. 
. (, .?l(• •. ;_>r 

W. A. Raney . 
Acting Asala t ant Adminis trato r 
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ELOISE W . KAILIN. M. D. 
,n~. , eox aa, 

.IQUIM, WA5HINGTOH t•:Jel 

A•u C:001 IOI 
TIU.PMOMI ee3-le44 

N11v1:mlll'r 25 , 1!174 

Jame,i L . Liverman, AsH't . Gen ' l. Manager for Biomedica l and 
Environmental Research and Safety programs 

U.S. A. E.C. 
Washington, D.C. 20545 

Dear Or. Liverman : 

EXHIBIT 10 

Obviously a great manyexpert man - hours has gone into the preparation o f 
the Urafl EIS for WASH 1538, Waste Management Operations at Hanford. 
We rei:ret that we hi\d so little time to analyze it. In listing omi ,rnions we 
may he in error due to ouQ.hastc in tryin~ to meet your deadline . We will 
have lo concentrate on the nei:ative aspects o_f this report due lo lime c11n
i;trainl>1 anti our reelinl-( that the rositive aspcct,i don't na!cd to he c:hani:.,d. 

J•'irHI we witth tu que stion the ha ,; ic unalcrlyini.: as:;umr,liuni; that : 
I. Prc,icnl IP~hnoln,~ ;,.. :ul,iquate to ""ntinue l!Cneralin,, radioac tive wastes 

on an ettcalating i,;cale . 
2. The radiation s tandards set in 1972 or earlier give adequate protect ion. 

They antedate EPA input and the Cochran-Tamr,lin report which should 
be taken into ac count in 1974 . 

3. That monitoring equipment will continue to be functional and heeded lo 
the indeterminate future. 

4. Waste may be accumulated to an indefinite time and therefore lo an in
definite total amount. 

5. Human society can control itseU so that sabotage will be succ essfully 
Coiled or will have only negligible effe cts, the wastes will not fall into 
the hands or terrorists and wars will not either accide ntally or purpose 
fully cause "unplanned releases" of radioactive materials Crom stock 
piles. 

6. Governmental institutions a nd laws will continue to provide rund s for 
safeguarding the se wastes, will perform adequate sec urity checks on 

per·sonnel e · · - us te d with these mater ials but wi ll nol create a n oprre Hst ve poli ce 
state m lhl oe of securi ty . 

0 0 

We note that in the last 30 years or experience with waHte management there 
were numerous instances or human error and equipment failures with releaHeH 
oC radioactive material :i to the environment . Some releases were e ven planned 
as part or someone's cost-benefit judgement. We question the ability or man 
Kailin Cur Protect the PeninHula's Future to Liverman. P. 2 

to contain this material for the next 500, 0!>0 years. Indeed major geologic 
chani:cs are not at all consid~red in this document, But the last ice age waH 
only 8-10 , 000 years ago and the lan:Jscape has been considerably rearranged. 
We agree that wastemanagcment or exh1ting 11tockpiles is a mus t and that the 
highest and best technology must be devoted to securing this as quickly as 
po:iHible--we would urge without regard to retrieval. 

MISSING: 

l. Adequate discussion or the alternative oC stopping the generation or further 
radioactive waste ( replacement or nuclear fission technology with development 
or a solar energy farm at Hanford) , 
2. What is the possibility that Hanford will become the dumping ground for 
wa1ilei; Crom all over the U.S. and foreign reactors as well? What will har,pen 
to reactor vessels , including the one at Hanford at the end or their use Cul lire? 
:1 . Health eHects are given in computer mo<lel terms with a few scraps or 
observation data . At the very least minimum, maximum and sland~rd devi
ation values should be s upplied for radioactive materials found in aul<;>psy 
mater ial Crom persons residing at dirferenl places- - the ori(inal reports should 
be appended esrec ially iij view oC the tight time available for comment. Why 
are there no reports on Osr in bone or teeth or humans or animals in the 
Hanford area? Why ro vital statistics on infant mortality, on cancer, on 
thyroid nodules , on I 31 in human or bovine thyroids? Background radiat ion 
data does not appear to take into consideration the reduced fallout character
istic or arid areas . Animal data reported do not consfst of study of a reasonable 
target organ for 90 Sr in several oC the tables ( why muscle only and not bone?), 
Plutonium values also are reported for !]lU&cle rather than lung or bone. 
4. Criti cality ac c idents from plutonium accumulations are excluded from 
considcrationon the ba s is that the kerf r ating would not exceed O. 5. Butac
cording to news articles the kerf actually reached 0 . 97 or 0 . 98 - -almost at 
the explosi ve level. Were these reports in error? They were taken seriou1ily 
at the ti m e. 
5. Plea se discuss costs in terms or waste generated per MW electricity gen
erated, and how c ost s a nd storage requirements will be affected by MOX fuel 

by servicing the Breeder reactor. 
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EXIII BIT 10 (Continued) 

6. We a1·e told that 18 tanks are leakers and another 14 a re s uspec t on the 
basis of excessive corrosion or piUing and " unexplained anoma lie s in le a k 
detection.measurment which might indicate leakage but which c ould no t be 
confirmed as such ". Current ope rating policy requires the se to be e mptied 
as fast as spare tank space Is m ade available by the solidification program. 
How fr.st i s this? How l ong b-efore all 14 tanks can be emptied? 
7. · Underground sto r age of waste1;1 will .>e ;,ra•.ect,d fr ,1,n urta'.n by plants 
by a plastic sheet ove r lhtm and under the earth . How many years o f p ro
tection will this afford r e lative to the time radioactivity is retained? 
8. Where is the q uantitative data or ·estimation of the amount of r adioactivity 
transferred offsite by migratory b irds, insects, air emissions (total) , and 

water releases deliberate and accidental, total? How can you s ay p.111.1 - 31 
there s evidence of po significant amounts of radioactivity escaping the 

Hanford site boundary? 

Kai lin for PPF lo Liverman P . 3 

fl. Ta~I" II :1-28 tthowtt that BentN\ City and We~tern R ichlancl C o m1111 ,;1t1: fo,;cltt 
1n 1!112 have• a l lc•attt clouhlc• the• J 111 milk uncl .I 111111,,; a:i 111uc:l1 S,··111 ,n loc:a l 
1•r 11•hw1• at11·11111pa 1·1•1I wi lh 1'11 rll ic#;'11111 T 1•1i. Whal hatt 111:i,11 11,,, ;u :c :uruul;ilnw 
hur,l.1·11 or llw local l'"lllllat i1111 ovc,r llw la :.l :so y1:a1·tt? 

10. A maximum flood wa s cons i<lered , but apparently no c ons ideration wa s 
given lo fa il ure o r a n upstream da m. The latter is c onsidered for reac tor 
siting--why not for waste stora ge security? 

We think you have a bear by the ta il here. A great deal of r a dioactiv ity has 
been released on the world and it doe s not help any or the biota , inclu<li ng m an 
to aq~ue tha t :. ince there is much floating around we i;ho uld be indifferent to 
smaller increment s because the erfects a s far as we know are c um ulat ive . 
This volume thick as i t is does not demonstrate the harmlessness of the Hanford 
operation although it certainly reiterates this point in m a ny ways. 

Your s truly, 

Eloi,;e W. Kailin , President , Prote ct the P e ninsula' :. F uture 
.lohn Butle r , Re :.e a rch Committee 
Onr i ii Thurs ton ll '"""<lrr.h Cnrnrn itteP. 
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EXHIBIT 11 

Office or the Au11i11tant General Her· tor 
B10111C•llco l ond Environmental Reaeorch 
ond 3ufety ProgralllS 
A.E.C , 
Washington D.C. 20545 

Richland Operations Office 
AtOlllic Energy Commi :11;ion 
Rlchlnnd, Waahinet.on 99352 

November 19, 1974 
W. P. H:! t:I. 
1303 Kiuwall 
Richlon,l, Wo11h1ngton 
99352 

Subject& COHl-£N'l'S ON THE DRAFT "ENVIRO?lt-EN'l' STATEJ£NT I WASTE MANAGEMENT 
OPERATIONS, HANFORD RESERVATION RICHLAND, WASHillGTON" WASH-1538 

Gentlemen: 

The following ia submitted 811 8 comment on the uubJect document W811h-l538. 

First, ho11ever , I muat indicate that I am intimately femil1ar with &0Cl8 

of the Waste Management pr8cticea at Hanford due to Ill>' employment posi
tion , I 8111 8 •IS chemical engineer employed by the Atlontlc Rich!iel<l 
Hanford Company and have been asaigned in the areaa or waste ann3gemcnt 
~1!;:'l)Ort ond technolo::y t or the 200 Are11 , rast<'B for more> thun four years 
n011, In -rtting these comments, I am not, in any w&y, o spokesman for 
my employer . I wri te t he comments us an informed and cmcerned citizen 
and tcchnoloctst. 1·\y comments on the docwnent, Wash-1538, are sa follows: 

There are, in the Joc\.lllent, s number of 11hat I cansidflr r :i ther serioua 
technlcol errors , I r eco&1ize these errors tlue to Ill}' employment exper~ence, 
ond 11111 not (indee d cannot) enumerate tt,em. The corrections can be picked 
up via internal cont ractor chaMels !Ind I 0111 canfiJent that they will 
be pr operly taken care or in the final issued statecient. 

The statell¥!nt di11 cu:;:.es a nwnber of no" unu:.ed facilitie s which e>:ist on 
the llanford reservation . Tnere are no apparent plans to r e -use those 
racllitiea, and the facilities are apparently contaminated with fission 
products and/ or transuroncis, It appears that a much highe r emphasis 
ahould be placed on decontaminating and/or decanmi&sionlng those facilities, 

The atatement discusses the high leve l waste management practices at 
Hanford per Uqui J storage and in tank solidification for high level 1rsstes . 
In light of today ' s technology, as indicated to on Woah-1539 (drart EI3 for 
the RSSF) , this Hanford me thod of controlling radioactive wastes i s not 
accept.ab le for wi,s t.es \lhich wi 11 be pra,1uced in the future. Consequently, 
I feel toot any f uture a tomic process ing effort& should, at a minimum, 
meet c01D111erc ill l otomic p :W nt 11ofely und environmental lll.a n<L1 rda . Tt111t le, 
produc t ion (plut onl wn ) reactora, therc~l reuctors, r eproceas lng plJlnts, 



X 
I 

EXHIBIT 11 (Continued) 

RlchlnnJ Opcrotlonr Office 
At0111lc Encr('.y COlllllll.sulon 
Rlchl11nd, W1111hln1-1ton 99]52 
PnHP. : • 
Jfovr.dmr 19, 19711 

9 

want,i manogea¥?nt proermu should be subject to the pri vete industrial 
cootrola ond quality control. I am not advocating that those standards 
be applied to existing Hanford wastes, per say; I om advocating that 
no more wastes produced in the future be treated under thla waste 
1111nagement program. I further feel that the existing wastes stored at 
Hanford should be subjected to a atudy and ve become coamltted to 
rendcrlne; those wastea to a long term, vice short term, storage ioode 
whlch ls more environrnental~ acceptable. 

I would be pleased to discuss those comrnenta further, it need be . I 
appreciate the opportunity to comment ot the draft or \.iash-15)8. 

9 0 

EXHIBIT 11A 

Jleceai>er 19, 1974 
W. P. Metz 
1303 Kimball 
llichland, Waablngton 
99352 

Ottlce ot the Aaslata.nt General Mgr . tor 
Biomedical and Environmental Reaearcb 
and Safety Programs 
A.E.C . 
\laahlngton, D.C. 20545 

Richland Operatlcoa Ottlce 
Atlllllic Energy Commlsslco 
Richland, \lashingtco 99352 

S\ilJectl COM!~ITS OK TIIE DRAFl' "ENVIBOIII-IENT STATEMEIIT, WASTE 
HANAGEl·IEIIT OPERATIOIIS, HAIIFORD RESERVATIOII 
RICHLAJm, WASHDIGTOII" \IASll-1538 

Jleterence:1'\y letter ot Bovember 19, 1974, same a\ilJect 

Gentlemen: 

I have been requested to detail some ot ay comment& from the 
re!erence letter conccrn!ng the :;,J:,j ..; Lt. d..."ott dc,n .. ~ i.:.. . :: 
have compiled detailed co::c:nts on \lash 1538--those co::menta 
are attached. Please let me repeat that those are rq per
acoal comi:ieots and that I am not a spokesmen tor rq employer . 

Further, I would lie to express rq gratitude tor the coocem 
·•:id eocouragei:ent that has been afforded me about these 
co111Deota. I appreciate the cboce to make an input to tbls 
effort. Thank you very much. 
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EXHIBIT 11A (Continued) 

COlttEHTS 011 WASll-1538 (W. P. Hetz) 

Page tv: 

Page v: 

Page vii: 

Under •current Program.• the word •mtllton• to read 
•approximately 47 million gallons •• •• • 

Second ·11ne. word •requires• ts not necessari ly appropriate . 
Those fuels could be stored indefinitely (as ts .done tn 
C.nada) or processed elsewhere. 

Fourth line : N Reactor operation, production pl ans, 
foot note (a): For all practical purposes, N Reactor 
1s now quasi-coamerctal generating fac i lity (In spite 
of the legal niceties), thus ti Reactor wutes are 
conmerctal grade wastes and should be treated as such. 

line 7: Should that date be 1979? 

lines 17 J 18: The high caustic recycle~ be 
further evaporated at 242-S, but would not produce an 
accepta~le salt cake. Suggested working: • •••• remain 
whfch cJnnot be converted to an acceptable salt cake 
by further evaporatton.• 

line 21: Add •or stored tn double-shell tanks os o 
concentrated ltquid.• 

Second pa ragraph: This paragraph tmplles that trans
uranfc solids wastes are all stored In a 20-year 
retrievab le pos ture. That practice has only been In 
force fo r the past l or 4 years (see page 1-2) . 

Under •Gaseous Effluents": !!onradloactlve gaseous 
effluenh have been omitted from this sw1111ary. There 
are sources of chemical gaseous ef fluents . t .e., the 
NOx fr0111 AR Vau l t . 

Page 1-1 : 

Page 1-2: 

Page 1-3: 

Page 1-4: 

Pige 1-5: 

Page 1-6: 

Page 1-9: 

Last three lines s~ould be : 
•. Four new double-wall 
• Three additional double-wall 

z 

First three lines: Two of the evaporators are in use 
now (242-T and 242-S)i ITS 1 and ITS 2 are no longer 
opent1ng. 

Second line should read: 
gaseous emtssfons •••• • 

• .... to assure that radioactive 

line 9: Change •w111• to •should• 

Middle of the page, point (1): Is thfs statement 
accurate as far as U.S. defense needs? 

Third paragraph: Do the 1500 wells Include tank fann 
110nltorlng wells, If so , the paragraph ts not 
completely correct . 

Top paragraph: It would be approprt1te to mentfon 
Hanford winds and •dust devils.• 

Ffrst paragraph; How about the deleterious effects 
that rabb1ts ana coyotes have snown as a result ot tne 
8-C Crfb7 

Last paragraph : • 
of centuries.• 

ind ponds for many hundreds 

Page Jl.1 -1 7: All of the treatises on 200 Areas do not mentfon the 
200-N. -P, -R areas. 

Middle of page: • fn standby condltfon, fs operated 
fntennfttently" perhaps should read• •••• fs planned to 
be operated •••• • or• •• ,, may be operated •••• • 
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EXIIIBIT 1 lA (Continued) 
Page 11.1-80: Second paragraph under 11 .1.1.2.2.3: ITS t and ITS 2 

are not in operation. Page 11.1-30: Sixth tine up: Z Plant organic will not be processed 
1n the in-tank solidification facilities. 

Page 11.1-33: Last paragraph: ITS 1 & 2 are not in operation . 

Third 11ne up: Word "pennanently" should be struck. The 

units were supposed to be portable. 
3 

Page IJ.t-36: Figure 11-1-21 shows mostly C farm, not much of A, AX, and 
AY. There should be a better photo around. 

Page Jl.1-64: Add •others• to •source• column to indicate things like 

GE waste liners, etc. 

Page JJ . l-65: Second paragraph: The discussion of cesium-strontium 
removal should be 111odified to clarify that only a good 
fraction of these isotopes are recovered (60 - 901). 
The remainder is stored 1n underground storage . 

>< 
I 

~ Page Jl.l-70: first paragraph, line 5, should read -"Plant was stored 
in part of the SX Tank farm.• 

Second to last paragraph: SX sludge cooler offgases 
are partially condensed . The· tanks are supposedly be i ng 
dried out. "Possibility of liquid leakage . • •. " 
seems very probable since 1110st of the SX 90sr sludges 

are 1n leaking tanks. 

Page 11. l-71: Second pa1·agraph: "These tanks ~ vented to the 
atn¥>sphere through air-cooled " "Instrumentation 

fil provided ••• • " 

Last paragraph: Ooes all of A Farm have laterals 

(horizontal dry wells)? 

Page 11.1-78: Second paragraph: " it ts possible to transfer 
liquid to or from any tank in the system." This 
statanent is real"ly a poor one; we just don ' t have this 

capability. 

·pages 11 .1-81 
l JJ.t-82: 

Same paragraph: The RL isn't doing much to get equipment 

to process organics . 

last paragraph: Process conditions for 242-S are not 
adequately described here. 242-S solids are fonned 1n 

the crystallizer, not in tanks frOIII cooling. 
4 

The figures of ITS•l, 2 might be left out . feed to ITS-1 
(tank 102-8Y) came from 112-BY, not ITS 2 bottoms tanks 

(see figure 11 .1-45). 

Page 11,1-83: figure 11 .1-47: There is no neutralizer tank in the 
242-T - Z Plant waste feed system. •cws filter• on 
bottans tanks should be "HEPA filter.• 

Page 11.1-86: Last line: "In-tank temperatures .!,n.~!!!lhare 
110n1tored every shift.• 

Page 11.1-119: uwaste Tank Leak Detection Laterals" - This paragraph 
should be deleted. 

Page 11.1-142: Paragraph 11 .1.1.6. l .2: 200 Areas Add AR Vault 
chemical effluents. 

Page 11.2.1: Lines 11 and 12: This sentence ts misleading . The 
further operation of Purex will add a substantial amount 

of new botl ing waste . 

Page 111.2-4 : 11th ltne : Typo: Isotope? 

Page V.5: Second last paragraph: Delete as before. 

Page Jl . 1-C-65: Item 1 of table 11 .1-C-14 : HSW from 234-5 Z to TA tank 
ts a •pipe tn pipe" containment . 

12-13-74 
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EXHIBIT 12 
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or,.c.a : o, I HI 
Al81t.tAHJ IPIHCCl ON ,o. N4 TIOHAL A ND 

IHTIIIHATIOHAL. PaOGAAMa 

NATION AL SCIENCE FOUNDATION 
WAS HINGTON , DC. 2011110 

Dr. James L. Liverman 
Assis tant Genera l Manager for 

Btomedtcal and Envtronnental 
Research and Safety Programs 

U.S. Atomic Energy COlllllission 
Washington, D.C. 20545 

Dear Dr. Livennan: 

The Foundation's Co11111tttee on Environmenlll Statenents has 

reviewed the Drift EnvtroMientll Statement. WASH-1538 -

Waste H4nagement Operations. Hanford Reservation, Richland, 

WHh1ngton. The Conntttee ' s comments are enclosed. I hope 

that they will be useful to you in preparing the final 

sute111Cnt. 

Enclosure 

Sincerely yours, 

J , I) . . . ) 7. . f,: -~ - - - -' 
T. O Jones 
Actihg Assistant Di rector for 
llattonal and Interna tional Programs 

NATIONAL SCIENCE FOUNDATION 
WASHINGTON. DC 2011110 

o,,u., (Jf' ,u, 
A5815 1AU I O i R IC"I O ft 

P Oii NA 1 IOHAL AND 
IHII II NATt O HA L f>ROGAANa NOV% 9 1974 

Or. James L. Livenr.an 
Alststant General Manager for 

Bt0111dtul and Env1rona11tal 
Research and Safety Progr11111 

U.S. Atomic Energy Cllllffltasion 
Washington . D,C. 20545 

Dear Dr. Liver1111n: 

The foundation's Conmfttee on Environn1nul Suteaients has 

reviewed the Draft Environmenlll State111nt 1 WASH-1538 -

Wasta Management Operetions, Hanford Reservation, Richland, 

Wuhington. The Coam1ttae 1s c011111ent1 are enclosed. I hope 

that they wfll be useful to you in preparing the ftnal 

.I ta temen t . 

ii 

Enclosure 

Sincerely yours, 

~/ X, G, Saodvad 

T. O. Jones 
Acting Assistant Director for 
National and lntern1tion11 Progra111 
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EXHIBIT 12 (Cont inued ) 

CO/f1ENTS ON ~IASll-1538 

The statement ts made to Vol. I, Page tv, last paragrap~ that 
•Approximately 47 gallons of liquid waste and 25 million gallons 
of solidified ~,aste are currently stored •• • • • Is the 47-gaHon 
ftgure correct? 

Envlro001entaltst~ can pick out two types of generalization, In spite 
of the detailed studies and the year of writing that went Into the 
document. One Is probably Insurmountable; the use of unquantified 
terms Is too plentiful. What ts a "high-level waste"? What are 
"the lowest levels technically and economically practical"? What 
ire •stgntflcant quantities of radioactive and .other waste matertals "l 
llho judges the statement that "Over 1,000 years of operation would 
result to no l!lOre than one cancer death"? 

The other generaltzatlon ts typified by a statement In Vol . I, 
Page 1-6, mtddle of the page: "Studies show that the effluents 
fr0111 up to nine plutonium-production reactors have had no harmful 
effects on the migration or spawning of salmon • . .• • This may 
be true, but studies do show that the elevation of Columbia River 
;;.:.ler t,H,oj,e1 .. ,u,c:. ln the Hanford rec1.::, ui ..l,c ~t,coi,i ,i.,iY lntE:rfcre 
with the survival of the young salmon after hatching and with their 
abtltty to convert to a saltwater life . The Increased use of that 
part of the stream as salmon spawning sites might also be associated 
with Increased returns of hatchery-produced fish, not naturally 
reared fish. Only technically astute revle~1ers can discern this 
kind of statement treatment. 

In general, this Is a very complete report . It clearly Indicates 
AEC's corrrnitment to continue long- term or perpetual surveillance, 
and to prepare EIS repo r ts for any new developments In the waste 
disposal program. 
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EXHIBIT 13 

FEDERAL POWER COMMISSION 
WA•HIHGTOH, 0 .C . 20421 

November 21, 1974 

Hr. James L. Liverman 
Assistant General Manager for 

Biomedical and Environmental 
Research and Safety Programs 

U.S . Atomic Energy Coamlsslon 
Washington, D, C, 20545 

Dear Hr, Liverman: 

IN ,.._...._y ft•rut l O : 

Thank you for the opportunity to review the Draft 

Environmental Impact Statement, WASH-1538 -Waste Management 

Operations, Hanford Reservation, Richland Washington. This 

ls to inform you that the Federal Power COU1D1sslon has no 

co111Dents to offer in regard to the action proposed in the 

Environmental Impact Statement . 

Sincerely, 

Carl N. Shuster , Jr ,-Ph , D. 
Acting visor on Environmental 
Quality 
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EXHIBIT 14 

,, , ... ,, 
, I 

I 
J OEPARTMEN f Of HCAUH, LUIICAUON . AND Wllf ARE . 

~ ..... 
OEC 4 \974 

Mr. Juies L. Ltvennan 
Assistant General Manager for 

Biomedical l Envirorvnental 
Research l Safety 

Atomic Energy Coamisston 
Washington, 0. C. 20545 

Dear Hr. Livenaan: 

The opportunity to rev i ew the draft environmental statement on Waste 
Management Operations at the Hanford Reservation , Richland , Washington 
dated September 1974 (WASH-1538) t s appreciated . This draft statement 
has been reviewed by th is Oepartment primarily from the standpoint of 
the heaHh Impact on popuht1ons due to radiation exposures and doses 
from current operations as well as the potential for such impacts 
based on the potential for future health effects as a result of the 
wide-spread radioactive contamination which exists in the environment 
as a rHult of operations over the past 30 or a1ore yea rs . Also con
sidered are current standards and guidelines being applied to the 
C0111nerctal nuclear power industry for operations similar to those being 
carried on at the Hanford Reservation. 

Based on infonnation contained in the draft statement it may be concluded 
that the current exposures to and doses from radiation and rad ioactivity 
from these installat ions are minimal as are the resultant projected 
health effects . It fs apparent, however, that operations are not con
ducted with the same degree of control as · ts required by coomerclal 
operations of the same t ype . The existing Inventories of radioactivity 
tn the tank farms , in the soils and ground waters underlying .cribs and 
ponds, as well as in the ponds, as well as contaminated solid waste both 
buried and as contamination in .or on exi~tlng structures and equfpi1ent 
present continuing health hazards which will need to be maintained under 
control and surveillance for the indefinite future . 

An early objective of operations at Hanford should be to assure that 
additions to this inventory In the envirorvnent are eliminated as early 
as practicable by improvements to the waste ma nagement program. The 
improvement program scheduled through fiscal year 1975 will be a step 
In this direction , but , although reducing the rate of increase of inven
tory to the ground and ground water, will still allow a bui ld-up of 
these concentrated but relatively uQcontrolled Inventories . It i s 
recoomended that effluents from all facilities be reduced to conform to 

Paye 2 - Hr . Ju1cs L. Llvenian 

the "as low as practicable" criteria for COOlllercial installations as· 
have been adopted by the At01nic Energy Conrnfssfon for licensed in
st•llatlons . It wou ld also seem preferable to discharge these low
level effluents to the envfrorvnent where they will be further dispersed 
rather than utilizing techniques such as crjbs and ponds that will 
result in reconcentratfons of the effluents thereby requiring 1o·og
ter111 surveillance and 1110nftorfng of these concentrated sources to the 
soil and ground water. Although it appears that with few exceptions 
these releases to the ground are befog confined at the present time, 
tt does not seem possible to predict what might happen to the geological 
ind hydrological characteristics of this area over the protracted period 
of time that it wil l be necessary for these entrapped radionuclfdes to 
reach innocuous levels . Based on present knowledge, however, ft would 
not se~A a~vantageous from a cost-benefit stand-point to attempt to 
remove ind treat all the contaminated soil or to remove and store ft 
elsewhere. · 

The program of solidi fying the high-level liquid waste In the tank farms 
after having removed the long-lived cesium and strontium isotopes Is an 
important improvement. However, the resultant salt solids. are undoubtedly 
relatively teachable and efforts to seek a suitable prqcess for these 
solids to change them to a less teachable form, as discussed in the draft 
statement, should be pursued as expeditiously as possible. It is recognized 
that the ultimate disposal of these wastes will to a major extent be depend
ent upon decisions made following further review and evaluation of AEC's 
rM~-:: cd !:!sh-level uaste storage and disposal 11rogram. 

There are certain conditions existent on the Hanford Reservation which are 
not covered fn the projected 1975 improvement program which should be con
sidered as soon as possible . A review of lhe analytical results on radio-
1ctfvfty fn ducks which have been taken from the ponds on the reservation 
indicate that they are assimilating a good deal of cesium. This shows 
particularly fn those samples reported and taken from T Pond, U Pond, and 
Gable Pond where the levels exceed those which would be derived from the 
FRC basic dose rec011¥nendations. In other words, they fall within a level 
of concentrations within or above range 3 for cesium as extrapolated from 
the FRC recon111endat fons . The level also exceeds the concentration guide 
being used genera lly In the report to evaluate the acceptability of dis
charges of liqu ids to the uncontrolled environment . This being the case, 
It is suggested that consideration be given to discontinuiog ·use of such 
ponds unless ft can be assured that the waste water entering them do not 
contain significant levels of radioactivity . The exist i ng ponds should 
either be back-filled in place or the contaminated top layers of soil be 
removed and burled elsewhere. 
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EXHIBIT 14 (Continued) 

Paye J - Hr. James L. ltvennan 

The second point of concern are releases directly to the Columbia River 
which exist fn the 100-N area. It was noted that the currently scheduled 
1110dtftcatfon program will Improve the quality of water being discharged 
through the 102 Inch discharge line . However, no mention is made of 
attempting to reduce either the amounts or concentrations of discharges 
Into the crib In this area which discharges into the Columbia River via 
the N area Riverbank Springs. It ts noted from the statement as well as 
the appendix that levels of fodtne-131 In this discharge water exceeded 
both FRC Range 3 levels as well as the guidelines in both years 1972 and 
1973. The strontium discharges exceeded these concentrations In 1972 but 
were reduced in 1973. It ts not clear whether this ts a random or a 
planned reduction. 

It ts rec00111ended and urged that every effort be made to meet the stated 
objective of the long-term waste management program of conforming to the 
standards which are befog established for the coarnerctal nuclear power 
program. 

Sincerely yours, 

(~-A-~ 
Charles Custard 
Office of Environmental Affairs 

3 

December 6, 1974 

EXHIBIT 15 

UNITED STATES DEPARTMENT OF 0:0MMERCE 
Th• Asaistant Secretary for Sci• nc• •nd T•chnology 
Wesh,ngton. O.C. 20230 

Hr. James L. Liverman 
Assistant General Manager for 

Biomedical and Environmental 
Research and Safety Programs 

Atomic Energy Conmission 
Washington, D,C . 20545 

Dear Hr. Liverman: 

The draft environmental impact statement for ''Waste Manage
ment Operations, Hanford Reservation, Richland, Washington 
(AEC)," which accompanied your letter of September 27, 1974 , 
has been received by the Department of Co1I111erce for revie~ 
and convnen t. 

The statement has been reviewed and the following convnents 
are offered for your consideration. 

With regard to the impact of release of radioactive waste 
to the Columbia River, the statement presents an extensive 
review of scientific evidence supporting a case for a lack 
of effccts--or at least a reduction in the amount of radio
nuclidcs released, because of the near termination of plutonium 
production. However, most of the studies discussed were 
concerned with the deposition of radionuclides in aquatic 
organisms as a pathway of exposure to man. The small amount 
of infonnation presented concerning the somatic and genetic 
effects of long-term, low-level irradiation on populations 
of aquatic organisms emphasizes the need for conducting the 
kind of well-planned research advocated by Rice and Baptist 
(1974). With regard to the impact of waste heat on aquatic 
biota, we question the validity of statements indicating 
that thermal discharges to the Columbia River have neither 
had, nor are presently having, an effect on these organisms. 
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EXHIBIT 15 (Continued) 

- 2 -

~1wt•Lflc Conunt•nls 

I. 
I.l 
I.l,l 

SUMMARY 
Environmental Impact 
Environmental Effects of Routine Operation of Plant 
Facilities 

Page I-5. It should be mentioned here that juvenile salmonids 
are subjected to temperatures that are potentiall y lethal and 
that adult salmonid populations are present in the area 
because all other historic spawning areas on the ma in stem 
of the Columbia River have been inundated through installation 
of hydroelectric dams . The Hanford area iii the only remaining 
1ection of the middle Columbia River where spawning conditions 
are optimWII for adult chinook salmon. 

v. 
V-6 
V-6 . 7 
v-6.7.1 

ALTERNATIVES 
Nonradioactive Waste 
Other Environmental Pollutants 
Heat to the Columbia River 

page V-57, This section indicates that the total hA~t input 
tu ~111.: river 1s about 4 70 megawatts when the power plant ls 
in operation, This figure appears to be inaccurate. It is 
our Wlderstanding that the total output is 4 ,000 MW , and that 
the plant produces 860 Hile, leaving l,140 11Wth of hea t lost 
from the plant. 

Page V-58 . We question the statement that ''Sinc e the effect 
of the N Reactor heat releases on the Columbia River are 
cons.idered i naignificant (Section 111 . 1), installation of 
a cooling tower or pond to eliminate these releases to the 
Columbia River cannot l>e just lfied," Heat ef fluent from t he 
N Reactor has the ~a pability of killing small fi sh . Krenkel 
and Parker (1969: 318-337) indicate that the N Reactor produces 
4 1 000 11Wth and increases the ambient water discharge temperature 
into the river by about 19° to 47°F, depending on p lant operatin~ 
conditions, If t he Columbia River water temperature is 60°F 
(which it is for approximately six months each year), and 
if the discharge water temperature is raised 40°F, this water , wlwn 
discharged to the river wou ld be capable of killing small saln~n 

- l -

in a few fiC'conds (Synder nnd 1ll11h111, 1971; El'/\, l'J71). 'l'ht• 
question that remains to be answered is, in fact, how mnny 
juvenile fish are killed each year in this manner? Until 
this question is answered, conclusions will continue to be 
drawn suggesting that there is no demonstrable effect of 
heat from the N Reactor on juvenile .fish, a conclusion that 
is subject to misinterpretation, 

Thank you for giving us an opportunity to provide these 
con¥11ents, which we hope will be of assistance to you, We 
would appreciate receiving a copy of the final statement. 

Sincerely, 

-J.i~-· il{f5l>'.t 
Sidne~ R. j'alle r 
Deputy Assistant Secre~ary 
for Environmental Affairs 
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373-439. ~ : L.A. Sagan (ed.), Human and ecologic 
effects of nuclear power plants. C.C, Thomas, 
Springfield , Illinois. 

3. Synder, G,R . and T.11. Blahm, 1971. Effects· of increased 
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EXHIBIT Hi 

ASSIST ANT SECRET ARY OF DEFENSE 
WASHINGTON. D. C. 20301 

ttfALTH AND 
1:NIIIRONMlNT 

Mr. Jamea L. Liver111&n 
Asnlatant General Manaaer 

tor Btanedical and Env i ronmenta l 
Research and Safety Programs 

U.3, Atomic Energy COlllDission 
Waabinatoo, D,C, 20545 

Dear Mr, Liverman: 

I DEC \914 

We have reviewed the draft enviro11111ental Impact statement (DEIS) 

"WASH-1536 - Waste Management Operations, Hanford Reservation , 

Richland, Washlneton," and have no oubatantive comments to otter . 

11. R. Smith 
Acting Deputy Asst Secretary or Defense 

(Environmental Quality) 

TOM McC.All 
GOVIIHOI 

'- H.Nft -

0 9 0 i 

EXHIBIT 17 --------

EXECUTIVE DEPARTMENT 

LOCAL GOVERNMENT RElA TIONS DIVISION 

240 COTTAGE STREET S.E. • • • • SALEM. OREGON 97310 

December 5 , 1974 

Hr . James Liverman , Asst . General Manager 
Biomedical, Environmental Research, 

Safety Programs 
U.S. Atomic Energy Commission 
Washington, D.C. 20545 

,Dear Hr. Liverman: 

Subiect1 Draft Environmental Imp~r ~ 
Statement for Hanford 
Reservation Waste Hanage-
111ent Operations 
Was - 1538 
PNRS 11410 4 760 

Thank you for submitting your draft Environmental 
Impact Statement for State of Oregon review and comment. 

Your draft was referred to the appropriate state 
agencies. The attached canments offered by the Fish 
Commission, Health/Radioactive Prat . Service , Wildlife 
Commission and the Department of Environmental Quality 
should be addressed in the preparation of · your final 
Environmental Impact Statement. 

We will expect to receive copies of the final 
statement as required by the Council of Environmental 
Quality Guidelines . 

WHB: lw 

Attachments 
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EXHIBIT 17 (Continued) 

~ OREGON PROJECT NOT~FtCATION AND REVIEW SYSTEM 

¥ STAl[ CLtARINGIIOUSE hc.\...c.l va:::o 
(;,. I j:, W•I Local Govurnmc>nl · ll• • l ,1lio1111 ll ivi a i on 

240 Cott•<Jn Stnic t l, . 1:. , :i,aluna, (1C c9on 97 31 0 

. _ .. . ,. lll'H~ll.2tl: 178-1712 

... --::.? -;, ·.-.:1.!Jdp"fi H S S T A T l R £ V I £ W 
f ISH COMMISSION 

OREGON PROJECT NOTlflCATION AND REVIEW SYSTEM 
l;0C.tz 

STA TE CLf.AR I NGIIOUSE Go:~~-~~l-!'J' ~ 
LocAl Cov11rna11•111 JC,•t.11 iu1111 11ivi11ion P.nr_11'r '"'' 

240 Colt.a<1•• Stni•il :;.1 ; ., :,.alcna, c,rc90n 91Jl,O Olf,'l J>J 
l'h: 178-1'/12 l'~SJ~ 

P N H S S T A T L R £ V I £ W 
a,c,u .. :.. "'·· ·•-•""- 7 41 O l1 7 bO 

Project I: __________ _ Return 0ate1 __ N...;..o ...... v_1_ 2_19_7-4_· --
Project I: 7 4] Q q "/ 0 !) Nov , :1 1_.-11, :f Return Date: _______ ~..:....~•--

>< 
I _. 

l. 
'I. . 

~· 

t:UY lRONHl'NTAl, I HP fl.CL IIEVI EW P kl •QillUIIJ;;S 

A rcspon&e is re3u ircd ~o all notice& rcqu, stin•_I c nviroi_imental revicw 1 • 
OHD A-95 (H..:viao ) provlllC!i lor ,1 10-,l,1y i,):t e n s 1on of t1me , If J . 
neces11arx. J f you cannot ro1;ponJ by the 111,ovc return . date , please 
call the State Clear i nghouse to arrange for an extension . __ _____ _ 

t :NVI RONMt:N1'AI , JIIPAC1' Hl::V l lcW 
~ ' STAI~ 

Thi :; pr, , ject Joeli not havu :.ign1 f icant c1 ·vironme n t al impact. 

1'hc l!OV1ron11wnt,1l imp.ict is aclc,uat,~ly ,hscril,c,d. 

WL· :.U<J'JCfit thal l,t1c fol lowin<J ,,,,inti. be c·onsidcrciJ i n . the P!•6""riJ
tio11 of a Fjn;ll 1-:nvironmcnt,«I l111p,1ct St.ilcme n t re<Jilrd1ng th an r,ro• . 
jcct. 

ENVlR()NH!'NTAL IH!'M:1'.. 11£V~EW PRtoCJ::fil!.HJ;;S 

/I rcsponsr is required to all not ices requc stin•J cnviroi_iment~I review . 
OMO A-'.l5 (lkvisC'd) provides for .1 l0-tl.-iy 1i>: tens1on of t1me, 1f 
ncccosary. J f you cannot rc1;1~nd Ly the al~ve return date, plca&e 
call the State Clearinghouse to arranqe for an extension. 

l·: NV J JcONMEN'l'/d , I lll'AC'I' 111-:v 11-:w 
llHAl''I' _ :iTATLMl:11'1' 

Thi ,; pr .. ji,cL ,Joos not have ,;i<Jni f ic,.ant r1 ·v1r11rimcntal impilCL • 

1'hc unv , ronm,·n t,1 l impact is adc ,u,1 t u I y d1 s .cr i l,c,cJ. 

we tiU':l •JC f; L u,..il t,hc fol lowin•J ,,,dot:. Lt! c·o11:.iucrcd in . the, pn,pan,
tion of a f'in ;al l·:nvironmcnt.d J1hp,1cl St,1lcment re<JurdlnCJ this pro
jecl. 

I X) No comment. (Sec below) 

Jct::HAlll{S 

We have rev iewed tho draft environmental statement for waste management 
operations at the Hanford Reservation at Rich land, Washing.ton IWASH- 15}0) . 

Our concerns In aquatic resources In the Colurrt>la River are for the pro
iervatlon and palatability of fish life and associa ted food we~s. 

We feel that In nest casbs adequate de$crlp t lon and projections tor 
various actions and even ts have been made. 

We quostlon statements that ~ dol etorlous effect s have beon observed 
In llanford's t hir ty years of operation . 

Juvenl lo salmonlds a re present In the Co lumb ia River noa r l~ntord and 
are potentially affected ~v t emperatures In excess of their lethal rango . 

Ac;iom:~' .£,i.1_______ By ~W ,~rY':o•• • 

f<l:MAH1 :s 

The Oregon \Hldlife Commission will defer to tJ1c Oregon Department 
of Environmenta l Quality, 1-lashington Do;:iartments of Ecolo9y, Fisheries, 
and Garno in ~1c review of t his Environmental Statement. 
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EXHIBIT 17 (Continued) 

OREGON PROJECT NOTIF~C.t\ TlON AND REVIEW SYSTEM 
'lo l,• :· .. 

STA I [ Cl i Al( I N(,lll1US[::r ,::-m•,rr/,.''i/;>r,t,'i'TOll!I 1>1VI5IOU 

J.u, ·. 11 ,;uv,·r1,11u•111 H••l,,1 i11111; l1&v111aun 
240 Coll,1•1• · Strc•il :; . , .. , ;;, ,h•m, (Jrc•JOn 97110 

l'h: 1711- t7J2 

P Ii H S UA-1J. R E V I E Ii 

; , . I, <' 

J.if;A '"JI" >, 
:,,7 

l'i-ojcct I : _]_'/L/LJ__7Ml_ Haturn Oate:_-£.M~o~~~•-)a"-'-'~J-/~j_l~f---
(1·'1 :! :. ,-1 J r 1 :t ) 

EUV I 1101Ji-H'NTAL Itll'.1:.l.:l'... 1u;v1 Eli fRI •G:l!l.!ll¼S 

I . /\ r.:·sp11n,;1• is ~·!:~~i _r~ ~'! ln "I I 110 l i •: c:. cc,I'" st i nq ,mv i ro~mcn t-:i I rev i cw . 
:i. 11Mb /,-!I!; (llcvis"<I) i:,ov1Jc,; 11,r ;1 10-d.,y 1:1: ll!n!i1t 111 of time, 1r 

p ' 

ncccss ... ry. If yo11 r.annot cc,sr-om.l lly the nl ,ove r-eturn _date, please 
call the fil~ld Clearinqhousc Lo r,rranqc for an extension. 

t:NV I IU 1m11:NTAI . 1111 ' /\CT 111-:v 11 :w 
llH/\1-''f' _ STA t-.:1~1.IIT 

Thi ., pr• -ji,cl. d1J0s not l1,.1v1• :dqnliic;,nt , -1vin111111e ntal impact. 

'l'lll' , .•11v11·11nn11·nl,il . imp,,ct i,; :11i1 · ,u,Jl•, ly t.1, sc'riJ..,,J. 

We· :;u,1,11 ·: • l l:1 1,11 ."ilu· fnl lo\,,: i11q i''•tnl!t l.t ! • ·c,u:;j d,·tc:tl in lite: l''' 'l• t.1 r,1 -
tio11· or ., f'i11,il 1:11vin,111n, ,111 . ,1 ,,,., .,,.., :a.,11.·1111:111 1<:•1,,nli111J U,i :; .,, ,,-
jec l. 

No comnwnl. 

l·:EH/\111 :S 

The Draft Environmental Statement "I/ash 1538" on Hanford Waste Management Operations , 
Volumes 1, 2, and 3 dated Septellber 1974, ls an extremely long and con~llcated 
environmental impact st•tement. Inasmuch as the document, as It stands, requires 
I great deal of work in reviewing it adequately and Inasmuch as the operation has 
been continuing for a period of 20 years, It is suggested that an extension of no 
less than 90 days should be given to more adequately revlew·this p3rticular 
doc1111ent without any more significant environmental effects over th~t time period . 
I have written directly to the Atomic Energy Co~mission asking if an extension of 
time 11ight be granted on this statement. 

ll•IUIII ' \' J/rtt/1(/ &Jio"'c..lilc. 
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EXHIBIT 17 (Continued) 

DEPARTMENT OF 
ENVIRONMENTAL QUALITY 

, 
- 0c1 ... ··~ C'-~,, ... . 

~ -... ~: .... ..,, 
• • . -:::~ i) , .. ;,. 

•cf4', 

' J ·-4.• 

' C.!t? 
1234 S.W. MORRISON STREET• PORTLAND, ORE. 97205 • Telephono (503) 22'¾>~l5l 

. November 8 1974 ~ TOM Md:AU 

"°"'""°" 
"'"'ULC-»I -

>< 
I 

State Clearinghouse • 
Local Governrnent Rel ation• Divieion 
l40 Cottage Stree t S . E. 
Sal•~• Oregon 97310 

Gentl.-n1 

lnclo&ed are t he Oepartnent'• c01NM1nta on tho 
draft envirbnnr.ental &tate11ent for AEC' a llanford wa&te 
aanago.AW1nt operation&, PHRS 17410 4 760. 

Pleaae contact ua if there are any queationw 
regaxding the s e comments. 

X 

f.NVI llOHMl-:IITld, 1111 •1\("I' m:v 11·:w 
UHJ\1-"'I' . !iTJ\TLMl :lrl" 

'l'h j , ; pr" jl.!c L 111.>L'ti no L lwvn 11i<Jn I r i Cilnt. 1•1 ·v i i:1111111cnla l impil.;l. 

Tt,e c11v1ronnw11L,\~ . imp;1<:t is a<lu' lltillul)• <l, scril,cd. 

\,ii: liU<J<JU:'il tltal 
tlo11 of ,, F"ittitl 
jcct. 

No conuucnt. 

~·111: fol Jowitt<J ,,,,int!i 1,c .-011~idoi-c<l in . lhc l'~"(lilCil
l;nvironmont.;il ln•1•o1ct. St,1lcmc11l rC<JiU:dlng th16 pi:o-

1<1-:HJ\ltl '. S 

N 
U'I 

C.idhlly, 1. Despite tho largo quantities of data and other inforniation contained in the draft 

....,, .. 
IIACI (1) 

cc, R. L. Gay 

,~Jfl.__ 
ICESSU:R R. CANNON 
Director l. 

01:EGON Pl~OJECT Nffilf: '.:ATlON ,AtJD flf.Vll:W SYSTEM 
.. ? , ·-STA I [ CUARIHGIIOUSE ''·-~--.. 

Lm; ,\I Gov,•1 ·111111•111 lt1•l .1lio11:; llivi n ion 
2•0 Cotl,l'JI! Str,:tel !i.t: . • :i.dcm. or,·•JOII 

l'h : i7ll - .17l2 

euus UA_li nrv1£w 
7410 4 760 

'J7)10 

-ltJi, 

., 
·,. 

J .I l 
4'- . 

' ... . 

lrojoct I: 
NOV ] ,~ 19711 Hoturn l>,,tc: _____ _______ _ 

I. 
1 . 

A rc1,p,,n111• is !..'.:.•J•!l.!.•'.!! t o ,tl l noliCL' 6 ccqu, n ti ll' I c nv in,11111c n l ,) I t·c v icw. 
OHII A- ~ !°> 111-,v i i; <• cl) provide !. In c ,\ 10 - ,by ,•1. Lc, 11 :: 11 •11 ur l 1111c, d 
nocc•u,iry . J f you c,, nnul ,·.,s, . .., ,,J u·1 the ,,1 ,o vu rcl u cn cl,llc, pJ c ;, sc 
c•ll lhu fi t.Jto Clc,1ri 119houflc l o ,uril n<JC f or illl " x lcn siun . .. -------------- --- -

· atatement, tho &tatement doo5 not contain, l) suffic i ent data and other infonr.ation 
to permit adequato ruv i ew, and 21 sufficient discussion ot environmental impact 
on the Columbia Rive r a nd tho significance of calculated or mea:lured -::ontamination 
of the river re5ulting fr0111 Hanford operations • 

All di fic:1,ilr<Jeli tu tho Columbia River, includinq effluents, subsurface wat.:,rs , c ive r
bank 1prin9a and othcra, 1hould coinply with maxiaum porniissible concentrations 
(Hl'CI tor rad i onucl i des. Liquid And solid wautc .... naqement impcovcmer. ~s should b •! 
undertaken to mt,e t this goal in view of t he importance o·t the llanfocd reach<H, of 
-the Columbia Rive r. 

Conclusions contuined .in t he final para<Jraph of pa<Je IX-0 do not uppc .. r jus tified 
bcc11u1;e t hcre arc only sevura1 1Jener1>l refe r ence5 in lhe dr. .. Ct s tateml!nt re:l.:iti n') 
to l"''-'uible s hutdown of t he II ne .. ctor ;,nd Purex. It i ,; recorn;nendocl lh.:it liquicl 
wa1;tc u11!3niUJC111c nt iw.pcovcm<.:n li-, jncluJin<J N Rc a ~t.oc effluent trciitmc nc, rcloc4ltion 
of N kn11ctor Cd~ t o the 200 area ,rncl improved treatment for 200 area li•1uicl 
w.u.;L,~1•, h e n ta·on•.Jly con!t1'1cr<.:d unl, rn:.; there i R t1 <k: t'initc ,1 nd t..:l c ar c c rr.1nitmt:nt 
o u t" lu: p.1rl uf 1\1·:c ( o r j t· :; t;uc c c :.; 1a:.,r · ''JC !11c:y) to ~hu t dc.A,n N :t, :a,; toc iind l ·un: :t. 
b y l'J"/') . t ·urtli1.: r, tl1c 1, J.1nrn :c.J ( 4,,c .il.i Lic~H foe ti Jt• ~•u.: tur 'Jri:,vj t y <h·;ain .,n,I (. Gutrol 
ro,l eool.int <lu1n1 i:1 s hould l;<) incoq,or,1l1,cl in tho lic1uicl wM;tc m;,nalJ"ment 
imp rovc mc nt1t not c,l .abuvo . 

. ...._ 

A<JCnq· \ .Jl rr: ·- - ----·- --- - - lly _r_!!t.r i U...U.-..W.itl"-•· - - - --
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EXHIBIT 10 
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United States Department of the Interior 

OFFICE ot· TIIE SECRETARY 
WASIIINGTON, ll.C. 202i0 

In reply refer to: 
PEP ER 74/1230 

DEC 1 :; 1974 

Dear Hr. Li1Jerman : 

Thank you for your letter of September 27, 1974, requesting 
our comments on the Atomic Energy Commission's draft 
environmental statement on Waste Hanagement Operations, Hanford 
Reservation, Richland, Washington. · 

Our comments are presented according to the format of the 
statement or according to subject matter. 

Radioactive Waste 

One of the three most important element~ of the basic proposal 
for waste management is the continuation of research and 
development of methods for solidifcation of residual liquors 
as well as alternative insoluble products (p. IX-8, paragraph 
2). However, very little information appears to have been 
provided on actual research now in progress toward those objec
tives. We feel it is essential to provide information of two 
pri11c:ipal lypui;; d) an adequate summary oi current: Knowleage; 
and (2) an adequate summary of the research prograJ11 in progresa, 
planned, and recommended. Important information that appears 
to be needed is the solubility and other pertinent properties ot 
the salt cake, similar properties of alternative solid forms, 
relative advantages and disadvantages based on present knowledge, 
and tentative costs and benefits, Without this type of informa
tion it is not possible to evaluate the likelihood that this 
important part of the proposed program will be achieved. 

Approximately 5 million cubic feet of radioactively contaminated 
solids are stated to have been buried on the l~nford Reserva
tion since 1943, but only since Hay 1970 have transuranic wastes 
been segregated in special containers for retrieval. Questions 
relating to this are: (1) what measures are recommended for 
ultimate disposition of wastes in burial grounds that may contain 
unsegregated transuranic wastes; (2) which specific grounds are 
these, and what measures are required to maintain their surfaces 
to reduce deterioration of containers in case of a future 
decision to retrieve these wastes; and (3) what monitoring or 

Save Energy and You Serve A mer/ca! 
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other special actions are required to preserve th~ future . option 
of ultimate retrieval of these wastes? 

It is noted that an integral part of the waste management 
program is the provision of "high integrity tanks to contain 
the liquids in interim periods" (p, v). It has also been 
noted that in the process of solidification by evaporatora, 
renulting in the filling of the tanks with solid aalt cake, 
". , • the major portion pf this liquid needs to be removed 
since the integrity of the tank liner and shell cannot be 
assumed for long periods" (p. 11.1-86) • . In spite of the use of 
screened well-points installed down to the tank floors, it is 
stated that the remaining interstitial liquor ultimately equals 
about 30 percent of the volume of the salt cake, an4 that the 
piping is sealed off after this degree of dryness is reached. 
It ap~ears ipevitable that the floor of the tank must remain in a 
wet conditior, in contact with the concentrated residual radio
active liquor for the duration of storage, In view of the fore
going conclusion that tank integrity cannot be assumed for long 
periods, we are co~cerned about tank integrity in contact with 
the residual liquor during prolonged storage, and amounts of 
such concentrated liquor that might leak into the underlying soil 
prior to detection, and during the period required to flush out 
the contents of the tank. 

Volume 2 provides detailed estimates of the quantity of radio
active material held in and beneath cribs, burial grounds, tanks, 
ponds, dltches, and other waste management facilities . However, 
little or no indication is given of the probable accuracy of th• 
statistics, of the possible margin of error, or of the range ot 
values that might exist as a result of incomplete accounting 
procedures, particularly during the early years of operation. 
In general, the method of calculation, particularly of radioactive 
waste inventories, should be explained further and the figures 
presented should indicate no greater accuracy than the circUJ11-
stances warrant. 

Radioactive Waste Disposal 

The plan for ultimate solidification of high-level liquid 
wastes is of considerable concern. It has been concluded that 
" • new facilities for solid i fying the final residual liquid 
will be needed • . . " and that" • •• the residuUJII will be treated 



>< 
I 

N ....... 

8 9 

EXHIBIT 18 (Continued) 

3 

to produce & aolid either by chemical addition or a specia l 
type evaporator •• , • ( p . V- 2,~) ~ It i a stated that these 
alternatives are currently under development, but t he current 
atate of knowledge and the current research program have not 
been described . In addit i on, no proposed funded research 
pro1rU1 i1 recogniz:.4bl o as corresponding to this a spec t, in 
apito of the descript i on of wide-ranging research progr ams in 
iaany areas. This aspect of the waste - management program is of 
ulti111Ate import ance beca use nearly 10 million gallons of 
residuAl liquid are expected to re·quire auch treatment a t the 
end of the program (p . V- 9). In the discussion of the ultimate 
disposal alternatives, one possibility conside red is t o leave 
the 6Alt cake in the tanks where it wao forme d ( p . V- 21 ) . How
ev•r• the d i scu6sion of .this alternative fails to consider t he 
long- tel"lll problem of tho r esidual liquor that i s included, and 
that would ultimat e l y bo subject t o leakage. At least a t enta
tive timetable to~ ultiaate aolidif i cation needs to be discussed . 

Tho pri.lllary benefit of t he Hanford Waste Management Progr am, 
accordin& to the s t a t ement. is the continued isolation o f signi
ficant quantit i es of r ad i oactive and ot her was te materia l s 
fro• 114n 1 a envir oruaent ( p . I - 3) . These wastes are present ly 
either co111111itted i nto the ground or stored in tanks f rom which 
loaka into the gr ound have occurred; such areas on the Hanford 
Reaervation are " . •• commi t t ed to long-term contro l Ct hous ~nrlA 
of years) ... " (p . 1-6) . Control of much of the lan~ on the 
ltoservation ia also requ i red for a si.ai l4r length of time to 
avoid chanaea in water-table levels (p. IV-1). 

The atateaent does not, but should, describe what is involved 
in thia required control and how it could be a 5surcd o f 
exercise fo r periods extending to thou sand s of years. h f ul l 
di1cu11sion of consequences re s ul ting f roin the po t en t i a l break
down of control is requ ired . The adverse effect s of the enforce
aent of pe r petual control over the area s hould be 6p~c i fied . 
Fina lly, the ful l implicat ions of perpetual cont r ol should be 
factored into al ternatives t hat do not requ i re thi s type of 
control. · 

Al.ternatives 

I t is state d at the outset that cur r ent standards stipulate t hat · 
re l eases of r adio~ct lvity be "a t t he lowe 5t levels t ec hnicall y 
and economi cally pr actical" (p . ii, 11). By t he end o f t he 
env i ronaent a l s ta t emen t · a f a irly convi nc i ng case appcars to have 

been presented to support the conclusion that "the radiation 
dose to the population and consequently the health effects are 
essentially indepe ndent o f the alternative chosen" (p . IX-8, para
graph l ; see also Table IX-3) . The basic rationale of the AEC 
staff a ppears to be t hat the standard of "as low as practical" 
release of radioact i vity will have been complied with i f the 
proposed wa s t e management program cannot be shown to result in 
sign i f icantly grea t er releases o f radioactivity than those 
resulting f r om one or more alternatives that have been evaluated, 
However , t he evaluat i ons of all alternatives, resulting in the 
rad i a tion-dose changes summarized on Table IX-3, are evidently 
based on t he assumpt i on that virtually all long-lived radionuclides 
released to the ground beneath storage or infiltration facilities 
will be safely isolated from the bi osphere until they decay to a 
harmless level. 

The f oregoing rationale provides little or no ba6is for choosing 
one alt erna t ive over another, because all alternatives are viewed 
as d i ffering by only insignificant amounts in th~ir degree of 
risk to the environment. One of 1he following alternative interpre
tations of the "as low as practical" principle would provide 
another useful basis f or evaluation of alternatives, to supplement 
that of radiation-dose l evels as estimated in the present state
ment ; (1 ) to compare the quant i ty of long-lived radioactive i so
topes r eleased t o t he soil an~ not ~n• i •!~~!~ !==!=: ~~ from the 
biosphe r e by an i mpe rmeable, accessible, and reparable barrier; 
and (2) to compare the amount of ground, expressed in terms of 
acres and cubic feet, that would be irretrievably commi tted to 
waste Dlanagement and s t orage . It has been noted that "land 
containing transuranic mater i als, particularly plutonium can be 
cons i dered unusable for any purpose for hundreds o f thousands 
of year s" (p. VIII -1, p~ragra ph 3) and tha t essentially 6,000 
acres are considered ·irre trievably commit t ed under the present 
wa~te-manageme~t pr ogram. The spirit of the "as low as practical" 
p~1nciple requi res that t he acreage and volume of earth irretrie
vably C01M1 i tted t o cont a i nme nt of l ong-lived rad i onuclides be 
kept as amall as practicable, and tha t this f actor should be an 
import ant basis for evaluation of alte r na tive s t ha t are 
pr ac t ica lly equa l in te rms of f oreseeabl e r adiation dos e commit
Dlents . 
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Historical and Archeological Sites and Natural Landmarks 

Cullurill i•esourcer. ahould receive the Bilme treatment ao 0ther
aupccts of the environment. They should be described, impacts 
of the proposed undertaking should be assessed, and mit iga ti ve 
meaouree should be proposed. 

To obtain the most current information on historical resources, 
there are two primary sources of information. First, the 
National Register of Historic Places" as published in the Federal 
Register of February 19, 1974, and monthly updates should be 
consulted . Second, the Washington .State Historic Preservation 
Officer should be consulted to determine sites which are eligible 
for the National Register. The results of these consultations 
should be reported and documented in the final statement. 

The significance of archeological resources onthe Hanford 
Reservation has been seriously understated on page II. 3-13. 
The Columbia River was one of the most densely inhabited regions 
in aborigina~ North1~meri~a, and its inhabit~nts poss~ssed one 
of the most interesting lifeways of the continent. With the 
exception of the sites located on the llanford reach of the 
Columbi~, evidences of thin lifeway have been virtually erased. 
'l'hcrcfarc, the remaining Giten assume ·great significance and 
should be cvalua tcd to deteT>"l.inc ; f ..,~?~' :h•:u~::! ~:: .,.c~ci'V€:d . 

Compliance with Executive Order 11593, "Protection and Enhance
ment of the Cultural Environment,'' should be documented in the 
statement. This requires federal agencies to inventory historical 
and archeological remains, evaluate, with the aid of an appro
priate professional, their significance, and nominate those 
eligiLle to the National Register. Presumably, the Atomic Energy 
Commission funded surveys and the Ben Franklin Reservoir survey 
would suffice fol' tl1e inventory. 

Geology 

Ion exchange with clay constituents in the soil appears to have 
been relied upon for containment of practically all long-lived 
radioisotopes in liquids that are deliberately disposed of by 
inf!ltration in cribs, ponds, and ditches as well as liquids 
accidently released from tanks and pipes. for example, it is 
stated that "the clays have good ion exchange properties and 
n1ake good filter beds" in describing the section beneath a 
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typical crib illustrated by figure II . 1-51 . The underlying 
soil is generally described as "up to 50\ silts and sand, having 
some clay content" (p . II . 1-BB, paragraph 2). However, we have 
found no section beneath any disposal area described in 
sufficient detail to suggest that the soil contains a significant 
amount of clay in the uppermost 150 to 300 feet. ConsidePing the 
critical importance assigned tothe surficial geologic section 
in containing the hazardous radionuclides, we feel that representaJ 
tive sections ben~ath important dis~osal sites should be descPibed I 
in detail, including quantitative data on parameters closely 
related to containment . These parameters include especially the 
permeabilities of the underlying capacities of these materials, 
dnd what retardation factors or calculations support the ·fore
going conclusion that "the clays •.• make good filter beds." 

·curves showing idealized sorption patterns for principal elements 
beneath a typical disposal crib are shown on figure II.1-52~ 
Among the assumptions evidently made ie that the radioactive 
solutions would percolate uniformly downward through a homo
geneous soil, a condition which does not exist in actuality. 
Because specific depths have been shown, it appears that certain 
assumptions were made with regard to the soil type or the time 
element, but these have not been discussed. The basis for pre
paration of the curves, and all underlying assum!)ti one, sho11l ct 

. be explainea . 

Comparison of the foregoing idealized curves with the limited 
analytical data presented in the Appendices (fig. II . l-C-36 to 
qo) casts doubt on the validity of the idealized curvas as 
applied to the Hanford Reservation. For example, the idealized 
curves appear to suggest that maximum concentrations of radio
nuclides would tend to occur very close to the source, but test 
wells commonly showed maximum concentrations from 15 to 35 feet 
below the sur~ace, and even as deep as 65 or 100 feet for cesium. 
It has been concluded that "the potential for leaching of sorbed 
radionuclides from beneath cribs and trenches down to · the water 
table is nil under present climate conditions" (p , II.3-D-Sl), 
which would presumably eliminate leaching as a cause for the 
higher concentrations of some radionuclides at depth. In general, 
since sorption of radionuclides bas been depended upon for their 
containment, analyses of their actual distribution beneath major 
disposal sites should be related·to geology, structure, clay 

.mineralogy, ground water, or any other pertinent factors . Unless 



X 
I 

N 
lO 

) 9 

EXHIBIT 18 (Continued) 

7 

the present distribution of radionuclides is well understood, 
after JO years or less of movement, there appea r s to be little 
l~pc of predicting their fate over periods ranging up to 
"hundreds of thousands of years" (p. VIII-1). 

The 6tatement projects that fission products and Pu will remain 
in the soil columns under cribs, trenches, and ponds for many 
centuries Cp. I-9). However, evidence pre~ented io t he draft 
statement shows vertical migration ·of csll/ and Sr~ 0 at the 
216-S 1 and 2 crib sites (fig. II.l-C-33, p. II.l-C-84, vol . 2). 
The crib site was in service from January 1952 until ianuary 1956 
and received approximately 39 x 106 gallons (1 . 5 x 10 liters) 
of waste liquid containing 750,000 Ci of mixed fission products 
including 3,000 Ci of sr9D and 2,000 Ci of Cs137 . Following the 
termination of discharges to the site, a field study was under
taken (p. II . l-C-82) in 1956. The upper cross section in 
figure II . l-C-33 indicates the migration of cesium and strontium 
in the soil column. Ten years later, in 1966, five additional 
wells were drilled at the crib site to determine the extent of 
radionuclide redistribution (p. II.l-C-83). The results shown in 
the lower cross-section of figure II.l-C-33 indicate that cesium 
and strontium both have extended late~glly and vertically. It 
ia true that most of the csl37 and Sr 90 is still contained in the 
soil . column about 15 m below the cribs. Jlowevtr . this move:rPrit 
show11 occu~!'cd :!~ring only a 10-year period compared to the 
several centuries that these wastes will be hazardous. From 
this evidence, it is doubtful that the radionuclides can be re
tained in the soil columns for many centuries as concluded in 
the statement . To carefully keep track of the wastes at llanford, 
especially those radionuclides which have reached the soil, 
more intensive, detailed work needs to be done at the site. 

Seismicity 

It has been stated that"· .• additional seismic resistance 
studies will be performed •. • " as a result of potential 
structural deficiencies revealed by review of design of components 
of B Plant (p. III.2-59). Judging only from the partial infor
mation presented, it appears that the appropriate recommendation 
would be to evaluate seismic effects on those waste management 
structures that have not yet been analyzed (p. III.2-60) and 
to strengthen those components found to be weakest . I a view of 
the pdst history of tank leakage, the effects of ground displace
ment and severe ground accelerations on the various tanks of 
various designs should be analyzed in detail. Although the tanks 
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constructed after 1971 are said to be designed on the basis of 
a horizontal acceleration of 0.25g (p. III.2-57), the accelera
tiono that the tanku constructed prior to 1971 will withstand 
should be discussed . This is important ao most of the waGte was 
produced prior to 1971. The possibility of ground displacement 
at the tank locations should be analyzed and the basis presented. 

Hydrology 

There are tw6 aquifers in the Hanford area, namely, the uncon
fined and the confined aquifers. The former consists of both 
glacio-fluviatile sand and gravel deposits and the Ringold 
silts, clays, and gravels. These materials are very hetero
geneous and often greater lithologic differences appear within 
a given bed than between beds. The confined aquifer consists 
of basalt . These two aquifers are separated by a layer of clayey 
si!t of the Ringold Formation. Certainly some "erosional windows" 
exist ~etw7en the aquifers, therefore at certain areas hydraulic 
communication between the unconfined and confined aquifers is 
possiLle (p. II. 3-35). 

fro'!1 the description of the waste-management program at lfanford 
lt _1.c :lear that the future fate of the disposed wastes depends 
pr11nar1.ly on the movement of wate1• over long periods of time 
t:hrougn the ground in the Reservation. Predictions of ultimate 
des~ination of wastes cannot be based simply on current distri
~ution o! waste or the rate at which the waste has moved since 
1.ts commitment . to the . gr<;>u~d . . Full understanding of t:he regional 
hydrolo!Fy and its va~1a~1.l1ty is one of t:he minimum requirements 
for '!1ak1ng such pred1c!1ons. Overall, the data presented in the 
sections on hydrology 1.n both the report and its appendix are 
not adequate . to s~pport the 7onclusions drawn. Liquid wastes, 
both non-I•ad1oact1ve and radioactive (low-level and intermediate
level waste, less than 100 uCi/'!11) are disposed into the ground 
through ponds! tr7nches, and cribs at 100 Area bordering directly 
on the Columbia River, 200 Area seven miles from the river and 
300 Area about one mile north of the Richland City limits ~n 
the bank of the Columbia River. 

The cri~s are op7rate~ as follows. Ground .water associated with 
waste ~1sposal_s1tes 1s routinely sampled aod analyfed. W!,en 
long-live~ rad1onuclides, such as Sr9D, Cob , or Cs J7 are 
detected 10 the ground water at concentrations approaching 1/10 
of th7 concentration guide for drinking water, the crib site is 
deactivated, and the process effluents are routed to a new 
crib Cp. II . l-90) . Thus, during the operation, much depends on 
the adequacy of the ground-water-quality monitoring system. 
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However, the statement does not contain a location map and 
conGtruction details of the sampling wells, description of 
methods of water sampling, or a detailed geological map of the 
disposal sites. A bucketed or bailed water sample from a well 
could represent merely stagnant wate~ not representative of 
water in the formation if the water is bailed above or below 
the open interval. Alternatively, the sample may be an average 
for the entire open interval. A sample collected from a well 
open 10 feet may not be equivalent to one collected from a well 
open 100 feet. Thus, samples collected from wells constructed 
with different lengths of open interval are not necessarily 
compatible. Therefore, the open interval of sampling wells is 
extremely important for evaluation of the monitoring of water 
quality. 

Frequency of sampling is another factor that should be considered. 
It is necessary to determine whether the lower layer of clayey 
silt acting as confining bed is present at the disposal sites. 
If not, the radionuclides could move directly down to the con
fined basalt aquifer; if this occurs, then water from the confined 
aquifer should also be analyzed frequently. The statement fails 
to consider these important factors. 

The hydr~ulit conductivities of the glacio-fluviatile sediments 
range from 1,200 to 12,000 ft/day and only 6 t6 200 ft/day for 
the Ringold Formation (p. II.3-37). However, no vertical 

_hydraulic conductivity is mentioned. Given such extremely 
heterogenous formations it is surprising that no vertical sections 
of geology or soil columns at the waste disposal sites are given 
in the discussion of liquid waste disposal. Since the velocities 
of ground water moving through the glacio-fluviatile sediments 
are different by several orders of magnitude from velocities in 
the Ringold Formation, detailed geological and sampling well 
location maps should be provided. 

From the data presented in the draft statement, it can be 
concluded that very little is known about the ground water move
ment in the highly heterogeneous aquifer at the Hanford Reser
vation. A recent comprehensive review of the ground water 
movement, environmental monitoring program, and mathematical 
models reaohes the same conclusion (refs . 64, 65, 66 and 67 , 
p. II. 3-D-83, Vol . 2). These references indicate that pumping 
tests after the early l950's appear to have been run without 
planning and with little care. The data were gathered in many 
cases in a very inadequate fashion. Pump fluctuations precluded 
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the use of drawdown data for many of the tests. In addition, 
interpretation of the pumping tests is poor, being based on 
techniques that are not applicable to the data collected 
(ref. 64, p . II.3-D-83, Vol. 2). It also appears that possible 
glacial outwash channels and the interconnections between the 
confined and unconfined aquifer are probably clearly established 
throughout the reservation . 

In summary, because of the heterogenous nature of the confined 
aquifer, it is necessary to have a well-planned and detailed 
geophysical exploration which will ~stablish glacial flow 
channel~ and the continuity of the confining bed. Well-planned 
monitorine wells, of known location and open interval, should 
he established. A reliable sampling system, with particular 
attention to adequacy of sampling method, frequency, mass balancei 
reliability checksJ and record-files, should be established. 
Detailed and well-planned investigation of vertical and lateral 
permeability of the soil at Hanford , especially at the waste 
disposal sites, should be performed. An intensive survey of 
springs, including locations, discharge, and chemical and radio
chemical quality of water, should be made . Some efforts should 
be made to investigate whether there are underwater springs in 
the Columbia River . Because of liquid waste disposal and farm 
irrigation canals, a significant recharee has ~een found in 
20U West Area (p . II. 3-D-26), therefore it is necessary to 
carry out water-balance calcul!tions at the site. Because 
the radionuclides are long-liv d, it is important to develop 
a long range pr~cipitation for cast, including intensity and 
duration of precipitation. De ailed and well-planned investiga
tions of eround water velocity (effective porosity), hydraulic 
dispersoin, and chemical distribution coefficients (Kd) are 
necessary . All mathematical models should be extensively 
checked with field observations. 

Effects on Ground Water 

Although the draft statement says that no information has been 
found which indicates that a hazard through the ground water 
pathway presently exists as a result of AEC waste operations 
at Hanfo r d (p . Il . 3-D-77) , the references clearly show that the 
authors of the reports did not endorse the operations . 
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On the contrary, the r eview report on the monitoring of radio
nuclide concentrations ( ref . 61, p . II . l-D-83, Vol. 2) states 
that the basic doc~ments are somewhat poorly organized, give 
only averages, or maxima, and seem to have selectively presented 
data. The wells from which the water samples were taken either 
filled in fully ( that is, the measured depth of the we ll was 
above the top of the open interval), or partially plugged, or the 
total depth of the open interval or both are unknown . There 
has been little, if any , attempt to sample the same wells re
peatedly. Moreover, the same constitue~ts are not routinel y 
analyzed. Thus, considering the nature of the base data, the 
reliability of the conclusions reached in the draft environmental 
statement cannot be demonstrated. 

The conclusion tha~ the disposal of liquid waste into the ground 
at the Hanford Reservation does not endanger the hydrosphere 
in the area is made partly on the arbitrary and cursory assump-
tion that soil columns will retain a large part of the radionuclides. 
This assumpt i on i s based partly on chemical analyses of water 
samples taken from some monitoring wells, and partly on the trans
port model. 

Figures II .l -18 , II . l-20, and II.l - 21 are used again and again 
to show that the average nitrate, gross beta, and tritium ~on 
centratio~s in the ground water near the surface of the unconfined 
aquifer during the period of July-December 1972 are either below 
the drinking-water standard or the concentration guide, except 
in the area near the disposal site. The reliability of these 
figures is debatable. First, as mentioned above, there is neither 
a detailed geological nor a sampling-well location map. The 
statement fails to ment ion the sampling method and frequency and 
the construction of sdlllpling wells (open intervals, etc.). 
Secondly, the movement of radionuclides both in the vertifal and 
lateral direct ion are related to the rate of disposal, concentra
tion of the waste, and ground water levels. This is a dynamic 
system, yet the concentration map was compiled according t o a 

,calendar period instead of dynamic conditions. 

The statement strongly suggests that most of the radionuclides 
in the radioact i ve wastes discharged to the ground, excep t 
tritium and ruthenium, are adsorbed on or filtered by the soi l 
column (p. I-2, II. 1-SS). Tritium entering the Columbia River 
from the 200 Area source in 1972 is indicated to be less than 
the tritium in the rive r au a result of fallout of tritium from 
past weapon testing and natural sources. The quantitiee of 
tritium entering the river will prol,ably increaee in the future 

12 

ao ~ rusult of the slow migration of ground water from the 200 
Aro~ diopoaal oitco. A traniport model nimulfftion, referred to 
in the atiitemont, forecaots that pc..ik rat<?o 9tiould be reached 
in tho early 1980's and attain about 2 x 10- uCi/day of tritium 
and 2 x 1~7 uCi/day ~f gross beta activity entering the Columbia 
River (p . III. 1-q). 

In addition. it would appear that the radionuclides in the wastes 
disposed at 100 Area would reach the Columbia River in a very 
short time. The statement indicates "as of August 1974 the 
radioactivity in the riverbank seepage contributes the major 
fraction of tota l radioactivity entering the Columbia River. The 
major portion of the radionuclides reaching the Columbia River 
do so via the ground water from the 1301-N crib disposal site 
•• • 

11 (p. III. 1-5). And further. 11 
••• the main sources 

of radioactivity presently entering the Columbia River a~e from 
the spring seepages along the banks below N reactor .• . " 
(p. III . l-40) . There is neither a location map showing springs 
along the river banks nor radiochemical records of the spring 
water in the draft statement. It is also possible that some 
springs may discharge directly into the river under water . 

High-level wastes need to be stored in tanks before they can 
be solidified. These tanks are subject to leaks even if they 
~=c d:,~!; :!.: :::.:!.1'!1. ~i~,:~ 195B, there haw• t,.,.,.n " 1-otal of 18 
confirmed leaks . These leaks have varied in size from very 
small to 115,000 gallons for the 106-T tank in 1973 (p. IV.2-2). 
This §86-T tank leak discharged 40,000 Ci ot Csl37, 14,000 Ci 
of Sr , and 4 Ci of Pu into the ground (p. 11.1-138). Soon 
after the leak was reported, 16 wells ~ere drilled to delineate 
the contaminated zone. The deepest penetration observed in the 
wells drilled was 89 feet be.low ground surface or 115 feet above· 
the water table . The statement concludes that, on the basis of 
the results of the study and the basic knowledge of liquid 
movement in Hanford sediments, further movement of the radio
activity from its present locatipn will be negligible (p. 111.2-4). 
This conclusion is without basis. These radionuclides take many 
centuries to decay below a safe level. A 55-year precipitation 
record shows that annual precipitation at the Hanford Heteorology 
Station reached 12 inches in 1950 (p. II.3-E-58, Vol. 2). from 
extrapolation of the 55-year records, annual precipitation having 
a 100-year f.requency could reach 20 inches. Therefore, before 
any meaningful conclusion is made that the radionuclide s will not 
move down to the ground water body from their pre5ent location, 
it is necessary to study the probability of rainfall duration 
and intensity over a period of several centuries. The vertical 
permeability of the formation at the tank site also needs to 
be determined . 
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l'loods 

The potential effects of Columbia River floods are evaluated 
assuming that the dam-regulated probable maximum flood as calcula
ted by the Corps of Engineers is the highest that could occur 
(p. III. 2-67). This is adequately conservative for most flood 
evaluations involving man-made structures. However, the Hanford 
Waste Management Program will.require "long-term control 
(thousands of years) ••• ", and the possibility that dam 
regulation as practiced today may not be assured over such 
lengths of time should be considered in addition to the flood 
effects of the potential failure of upstream dams. If unregula
ted floods or dam failures could reach other waste storage or 
burial areas, these should be specified as well. 

The consequences of the flooding of buried wastes are evaluated 
on the basis of the following ·simplifying assumptions: (1) all 
uncontained radionuclides are entrained duringllie peak 24 hours 
of the Columbia River flood; and (2) all are soluble and uniformly 
mixed into the quantity of water equal to 24 hours of peak flow. 
These assumptions are indeed conservative with respect to 
concentration of solutes (although "uncontained" has not been 
clearly defined and therefore cannot be evaluated). However, it 
is possible that the entrained soil and sludges will retain 
:::~:~: cant fractions of the radionuclides a~c that they Hil~ ~e 
moved as particulates. They could settle out i n the streambed and 
be incorporated into the long-term bed enviroilment of the Columbia 
River. The potential effects of this possibility should be 
considered. 

Effects on Aquatic Biota 

There is insufficient specific evidence to support the summary 
statements on page 1-6 that there are no harmful effects of 
Hanford waste effluents on the aquaticecosystem of the Columbia 
River. Annual counts of the numbers of spawning salmon in the 
Hanford reach, cited on page II.1-167 as a major criterion of 
impacts on anadromous fish, are a very remote index to thermal, 
chemical, and radioactive effects on different life stages of 
salmonids. Other Hanford area research not cited has demonstrated 
that the potential clearly exists under periodic conditions of 
river flow and temperature for lethal exposure of migrating 
juvenile salmonids to heated discharges. Some of the synergistic 
effects on salmonids resulting from interactions of temperature, 
disease, nitrogen supersaturation, toxic chemicals, and other 
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influences have also been studied in the Hanford area and should 
be discussed and factually reported . Objection is also made 
to the statement on page III . 1-59 that "It is reasonable to 
conclude that if there is not a significant impact on salmonids, 
a significant impact on other species is not occurring." . 
Certaiply species differences in distribution, movement patterns, 
feeding, and thermal and chemical tolerances could result in varied 
responses to thermal or chemical discharges . 

Effects on Wildlife 

Radioactive effluent from N-reactor operation flows into the 
1301-N disposal crib and thence overflows into a 1,600-foot 
dispersal trench . The 100-N trench has been screened to exclude 
game birds and ot~er larger animals, but smaller species such as 
mice can gain access. Section II.3.13 . 5 and Table II . 3-24 of the 
statement report significant levels of radioactivity in mice 
collected at the 100-N trench. Included in the · statement should 
be a discussion of the significance of the observed radionuclide 
concentrations in small mammals, the potential for these animals 
to enter the food chains of the several species of endangered, 
threatened, or status-undetermined birds of prey utilizing the 
Hanford Reservation as a refuge, and steps which should be taken 
to eliminate this source of radioactive contamination. In a 
b~ud<l~r sense, an overview of interpretation of the sigrificance 
of the reported concentrations of radioactivity found in various 
organisms would be useful in understanding the environmental 
statement. 

, 
In Volume 3, page c-133, it is mentioned that a duck'was found 
in 1969 with an exceptionally high concentration of radioactivity 
and that if one-half pound of the duck were consumed by a member 
of the public, it would have resulted in a radiation exposure 
nine .and one-half times greater than the permissible amount 
recommended by the International Commission on Radiological 
Protection and the Atomic Energy Commission. While it may not 
be practical to exclude all mobile wildlife species, particularly 
waterfowl, likely to be consumed by man, the Service recommends 
screening project waters to exc l ude mobile species, from 
potentially high contaminated waters. The type of screening 
necessary was done on the 100-N trench that is mentioned 
in Volume 1, page II . 3-70 . 
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Irrigation 

Aloo in Volume J, page III-A-102, aecond paragraph the statement 
is 111.1<le 11 1:ascntially no wheat or pasture land is irrir,atc:d with 
Columbia River water downstream of the Hanford project . " It is 
our understanding there are many acres irrigated below the Hanford 
project with Columbia River water. 

The draft environmental statement uses several mathematical 
models to compute ground water travel times and environmental 
radiation doses. Mathematical models are powerful tools to 
attack certain problems . However, all assumptions and basic 
principles used in the models should be sound. Beyond these basic 
conditions, the most important factor in making the results 
applicable is the reliability of the input data. 

The statement fails to mention the basic assumptions used to 
formulate the transport model and therefore it is impossible to 
judge the applicability of the model. However. results obtained 
from the model depend on the basic input data which are affected 
by the factors mentioned above . Since they are in question then 
so are the results predicted by the model. 

for example, if inaccurate transmissivity data collec t ed in the 
field are fed into a transmissivity iterative model it will pro
duce an inaccurate transmissivity map . With the inaccurate 
transmissivity map and insufficient knowledge of hydrologic 
boundaries, a mathematical ground water model will yield inaccurat, 
travel times. Considering the criticism of the reliability and 
adequacy of da1:a discussed in the consultant I s reports ( 1•ef s . 64, 
65, 66 and b7, p.II.3-D-83, Vol. 2), the applicability of results 
from these mathematical models is suspect. 

HinoP Comments 

l) A clear s~n~ary of the basic proposal would be helpful at 
the outset, either on the Su~nary Sheet (now a separate attach
ment) or in the Summary , section I. An adequate and concise 
summar·y is not now presented until the last page of the draft 
environme ntal statement (p. IX-8, especially paragraph 2). 

2) On page iv, "47 gallons of liquid waste" should read, 11 47 
oillion iallons." 
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3) On page III.2-22, line 6, "environmental input" should 
apparently read, "environmental impact." 

If) Table V-3 should specify high-level waste management 
facilities. 

5) Table V-5 should specify other radiodctive liquid waste. 

6) Sections II.3.11.7 and II.3-6.8 state that all endangered, 
threatened, dnd status-undetermined birds found on the Hanford 
Re~crvation are rdptors. This is incorrect since the long-billed 
curlew is not a rdptor. 

7) The drea in Figure II.1-A-lh that is designated "U.S. Fish 
and Wildlife Service" is now managed by the Washington Department 
of Game. 

We hope these comments will be helpful to you in the preparation 
of the final environmental statement. 

D@puty .lullltllll\ Secretary of the Interior 

Hr. James L . Livermdn 
Assistant General Handger for 

Biomedical dnd [nvironmentdl 
Research and Safety Programs 

Atomic Energy Co=ission 
Washington, D. C. 20545 
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',/, II, l'•mnln~ton 
Ao:1'1:1,menls n..'ld Coor<11hatlng Officer 
Dlvialon of Dlomodical and &lvlronmental ijesearch. 
U,S, Atomic •:mirgy ~onvnt.s9ion. 

Oeer tfr, Penni nr,ton, 

Jan. 6,197S 
Betty Lairer,rren 
?o8 N. 27th Ave, 
'laki1u, : /11 0 •18YU2 

L1 Ying u I do Iii thin the oxpendable area or a So •1la radius or the llantord 
plnnt, I a.ni r,roatly concerned with your ;1ute ·rreatment plan, 
Tour plan is orojected from 19~0 to 1970 and here it ia alree~ 197S. Situa
tions hnve chiUlgcd in that other countri~s have been given atomic plants by 
the U,S. With the agreement or our accepting their waate products. What do you 
do uith theaa foreign wa:1te117 When your platted and f-,nced area at Hanford 
nnd other:, are filled 1-11. th waste where do you go next? Thia la an obscene 
burden to out o~ enr. land unto the 1uture generations tor 1111llen1a. Don•t y011 
often wake un in the night bothered by thia thought? 

Tho mu11ber or leaks occurring at Hanford ~ ere due to human error and 
aro apparently uncontrollBble, Theee leaks are reoortod lnth minimal concern 
fr0111 A, i!,C, r:ach leak adds just that much mor., to the land, to the water and to 
th'l air to absorb nnd cont11.111inate, There are many thouqhtful neonle in thia 
ar'la who b<, liAv-, that there should he no 111ore wnete hnndli"'f at Hanford, it 
·. bu too much oot'lntial danger, 

Tour ·,. l _,S, says that curr11nt IUld long range uses or thla land rulea out a117 
anrtcultural trrt~ott'ln us~a in the future, as 11111c~ lar• ~'1<1 IIPfflA water 1, 
now contaminated, from 197S and on we will need more land tor ~riculture, ill 
nuolear µlanta should be ehut do1<11 now at Hanford, The area can be uaed for 
Rolar and 1,ind onerey <1evelopment nlante and the remaining uaeable land 
for agriculture, Thia should be done before a.n,y more land ia cont11111inated. 

Thora 1• no mention ot security ~eaeure, against eabotaga, Theae aocurity 
moaauroa are far different than those for nuclear accident.The ~eneral Ceel-in1 
in the u, ::, at thie tiP,e h that it could haopen here •all too easily. 

I do not like the use , in the !,I,S,, oC the worda," 111011t, n10h, a0111e, r.iay, 
perhaps• Theae appear often in ovaluations that 111\18t be •ore d~Cinitely work
ed 011t, 

In a ooat-beneCit analyaie the only alternet_ive le to cut oCt all nuclear 
plants until man becomes wlaor, There can never be a.n,y benefit to waste burial. 
You cannot oossibly foretell )00,000 years tnto the future, Dangeroue Area 
eign,, and deecriptiYe book, about wastes can be daatroyed by tire, flood, 
1lacier1, and that 1-1,000,0CO chanced earthquake. 

None or thh ,~.I.S, allays npprahensiona or myaelC and thousanda or other 
peonlo, You h:1Vo tried, but it juat isn't good enough- there are too many 
unanew~red 'llld unanawernbln ~u~etiona remaining, And nore will deYelop each 
year. 

Sincere} , 

Batty Lager en~ 
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EXHIBIT 21 

Dear eir, 
I'm oppoeed to tho continued otorage or 

radioactive was t oa et tho Hanford &ita. Public 
hoaringa waro held on the 21 and 23 ot January. 

Plutonium ia the moat toxic aubatance 
known to man , Ona millionth of a gram has 
cauued cancer in ex~erimental animals . Plutonium 
haa the potential of being made into bombs 
be torroriata and other noncoatorming groupa 
or individullla, 

I feel it ia virtually impossible to 
keop plutonium guarded tor tbne of thousands 
ol yeara. There ia no working solution 
in the worka to recycle plutonium and they 
ore finding many troubles and problems in 
building a oucceeaful recycling plant. 

It has been found that nine v.ilee from 
tho !ihip ;:>ing port Huclear Reactor, the mortality 
rate for infa.nta is more than double in the 
reat ot the state , Author H.J. Taub claims, 
"Thero is more than twiee as much leukemia 
aa tho state averaee IUld infant diseases of 
all kinda omount to 156 % of the utato average," 

II thia subatance were to get into tho 
Columbia River and be digeeted into the tish, 
it would be dieastroua, A good deal of 
income comee from fishing in the Pacific 
Northwest, and it should not bo ruined by 
plutonium infected fish. Once it gete into 
th~ ~e,t~r !hen all iE lcet. 

Pleas~ ge n tlemen think of the future and 
what thay will have to contend with fro~ th ie 
r.eneretion . We ere asking the future for 
too ~uch and•• are expecting thom to gourd 
a deadly substance tor tone of thoueands ot 
yoare. It ie not bum1U1ly poasible, 

~!'!P r•l 1.,_,:.i 
{?f:a.,, ,,-d"~,,.,~ 
Alan !lt..c:iw1tz 
429 Chenault 
Hoquiam, r:a. 98550 

9 0 9 

EXHIBIT 22 

Asalst1-U1t Genernl Manager 
for fllome<Hcal and Environmental 
Rneet\rch nnd 3afety System·s 

U. ;3. Atomic Ener~y Co~nmission 
Washington, D. C. 20545 

.Dl!ar Sit·: 

January 15, 1975 

Re: Draft WASH-15)8 

The -draft WASH-15)8 anticipates the continued 
storage of solidified high-level military radioactive waste 
in the original tanks pendin~ the development of an ultimate 
stor~ge method and site. The unprecede~ted hazard of .such 
near-surface atora~e for high-level waste has been described 
in my earlier comments on the proposed Retrievable Surface 
StoraRe Fae 111 ty ( RSSF) ( draft wASH-1539, September 1974). 
Thus I request that my enclosed comments on that document, 
entitled, National-Defense Impl1cE1tions of Pronosed !!fil!l.£
~ ~ Stora 1re Options, be made part o_f the public 
comment re0c-rl.l 0 .~ the draft HASH-:!.539 elo:-.:; :·:!.:~ :~1~ l::::~::. 

Maintenance of national security requires that 
the solidified hi 1h-level waste now in admittedly interim 
storage at Hanford be expeditiously transferred to one or 
more deep under~round repositories, there to be kept in 
retrievable form. Otherwise, even a single attack with 
convontional or nuclear bombs might disperse radioactive 
mnt e l'ial suffici ent to render impossible necessary mainten
i,nc c ,uHl control of the site. ',,'hile such transfer to safer 
stora?_; c ls bein ~ arran~ed, the ~overnrnent sho1ild very seriously 
consider the temporary expedient of covering the locale of the 
present dehydrat ed underground tanks with several hundred feet 
of rock and/o r soil, 

Very truly your3, 

Enc)oaure: J. '?>,r--- -;z> .. ,-u.-
1:n t louul -Def P. ns e L. Douglas DeNlke, Ph.D. 
Implic tt t1ons of Proposed 
Radioactive Wa s t e Storage Options 

lot Angelos Chapter, 2315 Westwood Boulevard / Suite Z / lo1 Angeles, Colifornio 90064 

Tolophone 213 / •7•-215• 
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EXIIIBIT 22 (Continued) 

NATIONU,-DrffilSE IMPLICATIONS OF PROPOSED RADIOACTIVE WASTE STORAGE OPTIONS 

Critique of Hono~eroonl of ~ercial High Level and Trenffurani1.1111-
Contom1noted7Gil ooct ve Wou.e~ronmenriirstot"emenrr:--U:S:-
Afomio Ener1,';V CoJ11J11haion document WASll-15)9 (draft), Sept1111ber 197L 

Rev1ewcd by L. Dolll!la, lxlNiko, Ph.D. 

CALIFORNIANS FOR NUCLF.AR SAFl'...OUAR!ll 
2315 Westwood Blvd., L.A. 1 CA 9006L 

Tolcphone 21).:..L7L-3JiO 

This document formally proposes thP- con11tniction of a retrievable surface 
atorsge facility (RSSF) in which to manage ell -high-level radioactive vaote 
fro1n the co11111erciel nuclear power industry. Methods ore also proposed for 
interim management of wastea contaminated 111th long-lived alpha-emitting 
artifi~ial elements such 88 plutonium. 

The RSSF is anticipRted to bo 1n service over a period of 85 long as 130 
yearo, fro1~ about the yeor 1960 until 21101 until euch time ae a proven perman
ent r11diooctive nste disposal 111ethod can be implemented. Three 11111in option11 
are presented for the RSS~' de:iign1 ( 1) Weter bistn, in which one-by-ten-foot 
~tainless eteel waste canister& each emnniig o 20 ldlowatto of heat, will 
be ~to!"cd unde1· 20 :~-~ of contlnuously cooled water JC feet t;~l,:i;; grour,J 1c • .,1. 
(2) Ur-cooled vault, in which waste canistera will be managed .1u~t below ground 
leveITn rein:orced-concrete vaults cooled by passive natural-draft air currents. 
(J) Sealed Ca5k honcept, in which individual canisters jacketed by two inches of 
etee~J!riiic es of concreto will be enplaced in the open alr and cooled by 
nAlurol atmospheric circulation inside the concrete radiation &hields. Canieter 
wol l thickness is not specJ fled, but does n-Jt appear to exceed ! inch. 

The three most likely oitcs for the RSSF ae developed in the draft aro 
the Nevada Test Site! the National Reactor Testing Station in Idaho, and the 
Hanford Reservation n the state .of Washington. The document makes no recom
mendation among the three locales, nor among the three atorage concepts. 

the ,traft WA!"ll-1539 contains no analysie whateoever of vulncrabili ty or the 
RSSF' choices to nets of terrorisrn or war. Only sketchy consideration is given 
to the possibility of sauotageJ fuller exposition on sabotage is promieed in the 

The gravity of theso omissions becomes evident in consideretion of the unique 
nature of the proposed facility. The prolonged period of service expected of the 
RSSF, the unparalleled hazard posed by its contenta should they bo dispersed in 
the environment! and the inclusion of vaste frOC11 many foreign countries there vill 
mako the fGSf l keno other installation in the world. By the year 2010, an many 
aa 6,36L,l megacuriea ( 6.)6hl billion curies) of per:iistent !ission product11 vill 
be stored thero. As many as 165 forced-dro.!t cooling t011era could be needed to 
dia111peto the heot generated by thh material, which could evacuate no lesa than 
one-fifth tho land area of the LB conti1111:uou., stat.ea if widel,y dispersed. 

- 2 -

I.Airing the 11 f-,t lme of the RSSF, based upon the historical record "" 111ay 
expect the tlnitcd Statr.s to undergo at least twenty years in which open warfare 
involving thi,i country takes place. The sophistication of the weapons which 
will be utilized in those conntcts may be expected to incree,ie, just•• weaponry 
hae been refined in the siJnilar interval Cran lBIJS to the present. The identity, 
strength, motivations, and rationality of our future a<tveraariee can scarcely be 
predicted, given that our potential and actual military foes aince 191J5 were 
largel,y unforeseen at the close of World War II. 

In light of theso relatively obvious considerations, and in viev of the 
obv1ouo military odvnntages ol largnting such an installation, the c°'"plete 
absence of the topic or war and terrorism in the draft ES is more than puzzling. 
It 18 bafning 1111d alonning. Hopefully! the COl!l/l\ents solicited fro111 the Dopart
ment of Defen,e will fill thh gap. Th 8 hope cannot be ulated w1 th as811Tance, 
a1nce at present 00D has only an advisory role in the protection of nuclear pro
cluctlon and utilization facilities against enemy attack. As for the AEC, its 
Regulolinn 50.l) excinpts its licensees from protect tnr, ar,al nst a11saul t or sabotage 
by " •• •an enemy of the llni led St~tesl whether o forei~ government or other per,ion." 
The net effect of the current situat on is that no eover~~ent ~~ has clear 
specifio, and active regulatory restons1bi1it~ topro~ebl civi1Tiinnucle~W1tit 
lacllitlP.s ogalnet terrori!Jlll £!: wor Lne ettao 

1
renar a e and unacceptiiore u tha 

111ay be. 

Recoll1fflendat.ions : Studies must be undertaken with regard to each of the threa 
favored sile locations, e&tsbliahing the maximl6n credible dispersion to the env1.r
onment of stored contents tor each of a variety of possible attacks upon the RSSF 
and tronsuranlum-vaste storage facilities. The follovtn17 mntlalt tie,i shn•1Jd h~ 
consid~red with regard both to pre11ent-day weapona capabilities and extrapolated 
improvemenls in those capabilitiea1 

final draft. Impacts by aircraft or "m11ssivo missile" (e.g., met.eori te) are con- (A) Hegaton-r,nge thermonuclear devices detoruted near, above, and on 
sidered lo be incredible and thus unworthy of analysis. . the growid eurface of each conceptualized repository. 

(B) Fission bombs one-tenth to ona kiloton in yield, such aa vill soon 
be available to terrorists, exploded neari ~bova, on t.ha ground surface of, and 
within the structure& of the storage fact lty. 



EXHIBIT 22 (Continued) 

(C) Effects of conventional high-explosive aerial bombing. 

(D) E!!ect::, of au::i t ained attack by conventional artillery and miaailea. 

(E) E!fect::, o! deliberate crash o! the co"""'ercial or military aircraft 
having the lArgest multiplied weight and top apeed in dive, making due allowance 
tor later iJiiprovementa in aircra!t capabilitiea. 

(f) Effecta ol terrorist attacks utilising siaped exploaive chargea 
at 11ax1Jrlally dest,ructh•e point:i, asswaing succes:stul penetration into tho !acility. 

(0) f.tlecta ol aabotage attacks other than those bent upcn direot 
explodve disper11al ol atored 111aterial1 1,e., attempts to d&111aga cooling-ayatoia 
11achinery, to introduce corroaivea into water-baain coolant, etc. 

2. For eoch 11arl111a credible 111alevoleoce-induced d111Jlerston ao identified 
and characteri1ed, a contingency plan should be devised !or ::iati::ilactorily pre
venting it and/or cleaning it up. If tor any postulated diaperaion oub::,tantial 
~position of radlonuclide11 requiring evacuation ot olfsite per oonnel io calcul
ated• auch a f 1ndin,t ::,hall constitute an overriding criterion tor rejecting the 
proposed R.S~F deaign or site which give::, rise to it. 

- ) -
>< 
I 

~ high~~ l~;;e~;e:~~!~u:!•~~=!~n~u!i::
0

!:;~1c~;:~~~~t!::~e!~:~~spr~~!i:~~~~!y 
be ::iet i n Motion for the de:l ign and con,tructton ot remote-controlled or totally 
roboti7-ed 111achlne7 capable of perform1ne the neceaeary teaks. Adoption ol a 
final con:structton plar, tor the repository should be cont inj!ent upon tho nuoceoa
tul prototype testing and letting of production contracts tor such deconta1111Mtion 
and cleanup 111ach1nery. Such mach i nery, together with all provisions for ila uae 
and ·later r et irement without human aerv1c1ng once contaminated, should be :it.ored 
b~th at tho site and redundantly at aome distance from the sl te, lest attack dam
age at the repository prevent uae of the equipment 5tored there. 

L. In the design and public description of the sticurlty ::,ystem for the 
!ac111ty, duo recognition 11hould be given to t h8 tact U,11t secret informati on 
about it can "leak out" and b11como known to public enemies over the course a! 
many decades. Thus, to the fulle:it extent po:islble1 the security system ohould 
ho doeigned to roly ginlmally on aocrecy, It ie not 1dYoc1ted that details o! 
aecurity precautions be publio1zod unnecessarily. However th o syatem should bo 
110 intrinalcally aou11d in ita phya1cal dca1gn that hypothelicully, almo::,t every
thing about it could be disclosed without eignificantly lesseni ng tho safety o! 
tl1e 1natalla tion. It 1a ~oat a,phatically prodickd that secrecy which manen
tarily r.uioka the weaknooaoa of an i nherently inadequato a~curity eyftcm "111 only 
dolay the d.y of ita breaching, not prev~nt it. 

S. On-surfMce ~r n~ar-sur face de:il gn optiona for the Interim r!Jlo::iitory are 
u1 .. cheptaEre ~ stbe rei~ 'fiiTaconc ueion 7tcmad lr~ctly frOlll recognITion 
o t o faclTttyaTacrcdib e target tor attack by nuclear wupona , Tlih principle 
aakee duo allowance for th, fact that our preucnt chlet advcrsariea appear to have 
no lntert:st in .. t.l.at.:~jo5 ou~I, ••• ~r.6to:.:.~ ~~""• ~ ... w.; .... l.; :<o; .-,!.al1Mt1on in kind 

ahould they do so. Aa waa pointed out above the identity and strategic planning 
of enemies of the IJnited States can be expecled to change unpredictably over time. 
The conolu:iion atands independent of any international agree111enta which may be 
adopted which would declare civilian at0111ic facilit!eo non-targetable 1n warfare. 
Treaties and adherence to treaties, are not of the order of durability which ia 
e5 sentiai for tho repo:i1tory. The conclusion 1, unaltered by the fact that direct 
hit s "1th large nuclear weapons would disperse most of the rodioactive debris into 
the strato:iphere, re,ulting in a fallout pattern that would be too widespread for 
rd l1t11ry value. Attacks on any surface-emplaced at0111io facility with nucleor 
weapons can be calculated ao that the burst ia au!!iciently low in yield, off
~arget, and meteorologically tilned ao that devastating fallout etfecta may be 
eohieved. Considering once again the century-plus period over which the repoa
itory 111Ust remain intact, advance allowance mu:it be 11111de for future refinement in 
1111::i:iile accuracy and i n weather information obtainable by an enemy, 

6. A hardened deep-underground aiting atratogy for the interim waste repoa-
1tory npfear~ indispensable if our national defense posture ia to remain uncan
promised. A working model o! such a concept is provided by the North American 
Aerospace llefense Co111111and headquarters at Cheyenne Hountain, Colorado. Although 
1l is located beneath lSOO feet o! granite rock, IIO!uD headquarters ie alreadl' 
recognized as vulnerable to repeated direct hits with thermonuclear weopona. 
Notvithstandlng, it epitomizes the presently attainable degree of protection 
against war dama ge. The cost o! building, cooling, and maintaining such a deop
undcrirround rock-sited facility would be s111all compared to the expected co~t fr0111 
a nuclear attack on a aur!aco-built installation. Since the United Statea will 
build no more than two such repositories, there is no pressing need to economize. 
Since retrievabllity following attaok does not inhere in aurfoce-emplaced designo, , 
poaslble loss of retrieval capability in a deep-underground site doea not appear 
to constitute adequate g:rounda tor rejecting it. 

WlffTIIIB NUCLEAR POWER JS PIUS!D OIJT OR NOT, 

radiooctive waste otorage aitee "111 exiet throughout your lifetime. 

You want them to be ju,t aa oato aa you oan possibly get them, 

\Irita to your Senetore and Congrea,1114n urging conoideration !or tha 

polnta reieed here. Send a carbon copy to 

Dr. frank K, Pitt111an, Director 
Divioion of 'Waste Menegement and Trenaportation 
U, S, Atomic Energy ColMlission 
Waahington, D, C, 205hS 

An excellent booklet, C1tizena 1 ~1 The ~at.tonal~ 

~ the Handli ng of ~dloactlve ~ from Huclea_! Po\ler Plants, 

1a available Cr0111 Natural Reoourou Ilolfonoe Council, /1.00 /'If '"If, 

66h llaniilton Avenuo, Palo Alto, Calif. 9L)Ol. They won't 

object U you encloae a contribution when writing !or H .• 
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EXHIBIT 23 

NORTH ANNA ENVIRONMENT AL COALITION 

Dr. James L. Liverman, 

P . O. BOX 3951 
CIIAJlLOTTESVILLE , VIR.INIA 22903 
(703) 8Jl-399l or (804) 293-6039 
January 19 , 1975 

Asa 1 t Gen• l Hgr. for aiomedical & Environmental 
Research and Safety Program, 
U.S. Atomic Energy Co11111ission, 
Washington o.c. 20545. 

Dear Dr. Liverman, 

Thank you fur senc:in3 me a copy u( the Draft Environmental Statement 
of Waste Management Operationa ol the A!C Hanford Reservation and _for 
tha opportunity to co11111ent. 

Gf ireat interest is Volume 3 of the EIS, The comments and suggestion& 
therein, received by you, from people and organizations, indicate deep 
concern from all parts of the country, not just frora the immediate area 
of Hanford. The Collillent Guide with Reference Section i;umber provides a 
simple adequacy test.- Does the section in reference really answer the 
questions in a way to engender public confidence in the AEC's program? 

In reviewin3 the EIS, I started with the references in answer to my own 
letter, The referen~e 89 to chP RaF~r~ ~f waste ~tor~~e tells me that 
''The current program has as its continuing objective the reduction of 
radioactivity in all effluent systems to the lowest technical, economical 
and practical levels. "As low as practicable" , by now I kno11, means 
absolutely nothing relative to "public health and safetr"• It simply 
means that radioactive discharr,es to the environmert wi l be as low as are 
able to be obtained,., if it doesn't cost too much If they aren't low 
~nf gh for safety,well, what are a few thousand more cancers and birth 

s7 Hothin z can be proved anyway. "Public HeUth and Safety" is 
cxpenda~le in exchan~e for the benefits of that won~erful "cheap 11 source 
of ener:;y, :?uclear Pu~1er, anc) for a hu.;e stockpile of nuclear weapons to 
keep the peace. 

Again, relative to my hope for a safe final storage place for nuclear 
wastes, I am referred to Section v. Section ~lets me know that 11 alterna
tives currently under consideration for ultimate storage are briefly dis
cussed but additional research and development is requlred cefore the 
best waste form and storage location czn be determined. 11 [!ore bluntly 
put,-- millions of gallons more of extremely dangerouse radioactive wastes 
per year are still e:,pected to be produced in the weapons pro,;ram alone, 
and added · to the 72 million gallons already in ~tistence, •• and still no 
ultimate storage known. No one person would have the temerity to shoulder 
the responsibility for this action alone. In an organization a.!I large 
•• the AEC, one person is responsible for such a small part that io far 
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EXHI8IT 231 (Continued) 

~r . James L, Liverman 
January 19, 1975 
Pane 2 

removed from tho overall algnlflcence that ho can appease hla con~ 
aclence by cloalne hls eyes and "pa&sini t he buck" , Yet to Terry Lash's 
atatemcnt 11;-tany concerned citizens w1ll be especlallr interested in the 
alternative means of handlin g radioactive waste, inc uding the alterna
tive of not Peneratinn on additional radi oactive wastes ~ your answer 
was n Sect on V. 1 c1e ana ys so an a ternat ve cat doea not require 
• waste management program is not consi cered reasonable, My answer to 
you ls that common sense needs no analysis, 

In the February 15, 1974 ldtter from the Na tural aesources Defence Council 
I learned that "invest igation into Z-9 ? lutonium t:is~osal trench indicates 
that a sul:si:ancial am,Junt of r>lutonium has .nign1te:.! away fro:n ti1e Lottom 
of Z-9 trench," Terry Lash asks that 11>.n analysls be wade of how far 
the plutonium may migrate during its 250,000 year to:tic llfe, 11( I note · 
that the words 11 250,000 year toxic llfe 11 was left out in quoting Lash's 
sua3estion,- a favori te trick of the A!C, i gnoring what they do not wish 
to ans1.Jer. First :~eference II 1-90 states "Plutonium is held very ti ;;ht
ly by the soils , uith essentially all of it held within 10 feet or tile 
point of relense." I assume the word II essentially" is the indefinite 
word that .:: o,.ers the part that II ca.ta disclosed had migrated a1-1ay11, 
In leferenca II 1 . 94 "Currently no appreciaule quantity of plutonium 
is dlreccl~· dili char :_:ed to the cround. My understanding of plutonium 
11 that .any eiuounl: ls 11 appreciable 11 ln terms of long-laetin3 radioactive 
contamination potential. Reference III 2-50 ¥Gcound dis~osal for plu
tonium is no longer used, 11 Cne ho!)eful sca&,,entl Still the proLlem of 
wha!: 11.tligratcd c•.,!i)• 11 f:;c ::i Z-9 ::::.:1:.:!-.: ::-..::!.: :: .:::;::: .:. I:::::: :!-5:! "It is bellevcd 
that other trenches, as they dry out will have a lesser reactivity in
crease than z-9 or ev en a dec rease in reactivity," Some ray of hopel 
250,000 yean in the futuru.,, there has not been that ~uch recorded time, 
so, 11 It ls Lelleved" is just another indefinite ploy and a way of cover
up to soothe and lull the public fears. 

There are many, many ,narc coovnents I would li!<e to make from the notes 
I have made in reviewing th is EIS. ;/1th your perra isslon, however , I 
will ma!<a unly one 11101:e, I would like co tell you my lnterpretatlon 
of CGST- B~EFIT, 

CCST is to the public in human suffering and burden they 
have no choi c~ ~ut to bear. 

n~EFIT is to the huge AEC bureaucracy uhose status is to be 
maintained and ~~1ose salaries are one mare-

CGST to the pu !i lic, 

It is really ironic to think that our L;eautiful world could come to an 
end, destroyed ei ther by the actual use of the t:uclear weapons we are 
maklnc, ostensibly to keep the peace, or by :.. ein3 polluted out of exist
ence throur;h contar.1inatlon pro duc ed in ma.kin::; these weaµona or by the 
p.eacetime usa oi nuclear power. Either way we lose and future generations 
are robbed of their right co live. 
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EXHIBIT 23 (Continued) 

Dr, James L, Liverman 
January 19, 1975 
PllgB 3 

In closing, Dr, Liverman, I realize that these comments may r.ot help much 
in formulatin3 the Final Environmental Impact Statement of the '.-:este 
management 0perations of the Hanford Reservation, ~ut they will let you 
know what an increasing numLer of people are thin!,ing a~out the Nuclear 
\/eapons Program, about nuclear Power for the production of energy ancl 
the AEC approach to both, Thank you for the opportunity to voice them, 

c. c. Terry Lash, Staff Scientist 

Sincerely yours, 

~~ ~ 
(Hrs, Arthur \;, Dietrich) 
Secretary 

Natural Resources Defen1e Council 

The National Intervenors 

EXHIOIT 24 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

23 JAN 1975 

Dr. James L. Liverman 
Assistant General Manager 

for Biomedical and Environmental 
Research and Safety Programs 

U.S . Atomic Energy Commission 
Washington, D.C. 20545 

Dear Dr. Liverman, 

The Environmental Protection Agency has reviewed 
the AEC draft environmental impact statement for Waste 
Management Operations at the Hanford Reservation, 
Richland, Washington (WASH-1538) and our detailed 
comments are enclosed. We would like to thank you 
and your staff for the time spent in meeting with 
EPA staff members to discuss various aspects of 
the draft statement. These meetings were helpful 
to EP~ in unJa~;~~~~!!~; t~= ~:~~ ~~~!~~~ ~pgpp,ation 
complex and its waste management operations. 
Recognizing the scope of the problems and the 
difficulty of addressing them at a level of detail 
not heretofore approached, we commend the AEC 
• taff on th~ir effort. 

Of"rlC[ 0# TH( 
ADMIHIS JaA TOIi 

The stated purpose of the·draft statement was to 
reassess the environmental aspects of the Hanford Waste 
Man~gement Operations program in order to assure that 
further major actions have minimal adverse environmental 
impacts, to account for those environmental consequences 
that may not have been fully evaluated at the outset or 
at each stage of the waste management program, and to 
serve as a base for evaluating the environmental impact 
of future actions in relation to the existing environment 
at Hanford. EPA agrees that this is the proper scope 
for the statement. However, we hope that at the conclusion 
of the ongoing effort to conduct such analyses for all 
major AEC waste management operations, the AEC will prepare 
a generic environmental statement addressing the long-
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range progrillll fo r both interim s torage and ultimate disposa l 
ot all government generated high-level and transuran i wn 
contaminated was te, simi lar in intent to tha t recently 
published for commercially generated waste (WASll-1539). 

our review of t he draft statement confirms EPA's 
earlier findings , f ol l owing the 106 -T tank leak in 1973, 
that waste storage operat i ons at Han ford to date havo 
not cauaed an unaccept ab l e hazard to man or the env ironment 
outside the site boundary. EPA'a comments a re focused 
upon the more di f f icult problem of assuring t hat present 
co111111itmenta and futu re operations will not r esul t in 
adverae impacts on the environment or public health. 

In its review , EPA has attempted to de termine 
whether the information provided is complete and adequate 
to support the conclus i on reached in the draft statement. 
In addit i on, we tried t o evaluate whether the current 
AEC monitoring program i s adequate to dete r mine if 
contamination is presently reaching the envi r onment (and 
it so, i n wha t quant i ties), and if the AEC monitoring 
program has the c apability to pred i ct the present and 
future impact of the wastes on the environment. 

B.!!.S e -:! or. !:::~~:::,n~t- ion fro 111 a oariety Qf' i.ources, 
including t hat presented in t he draft statement, that 
received directly from t he AEC, and that avai labl e in 
the repor ts of At:C consultants Dr. R. A. De ju and 
Mr. H. X. Swnmera , it is EPA's opinion that t he hydro
geologic informa tion prese nt ly available is no t auffi c ent 
to pernii t a comprehensive evaluation to be made of the 
potentia l for e nvironmental damage represented by the 
presently stored wa s te, eithe r on a short- or long -term 
basia . To r emedy t his situation, EPA recomme nds t ha t an 
independen t comprehensive re - eva luation be made of the 
hydrogeology of t he Hanford site. 

EPA ' s pr i ncipa l conclusions relative to the adequacy 
of the Hanford Re servation waste manag ement operations 
are t hat there i s a need f or more hydrogeo logical 
information (as mentioned above) 1 a need t o eventually 
eli111in11 te reliance on soil s to r emove radioactivity fro1u 
liquid wa s tes c.l ittcharged t o the ground ; and a need t o 
plac e mor e emphas i s on dete rmining an acceptable ultima te 
diapoaal fonu a nd method for t he high- l eve l wastes. 
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In light of our review and - in accordance with EPA 
procedure, we have rated the Hanford waste management 
operations as ER (Environmental Reservations) and 
classified the draft statement as Category 2 (Insufficient 
Information). If you or your staff have any questions 
concerning our clasaification or comments, please do not 
hesitate to call on us. 

Enclosure 

Sincerely youra , 

~~~ 
Sheldon Meyers 
Director 
Office of Federal Activities 
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I. INTHOOUCTION AND CONCLUSIONS 

'J'l,IH ropo.-t 1111111mo.rl7.eH l~P/\ 111 r1Jvlow or tho J\1•:C draft 
onvl1·011u1ont11l i;talumont, "WaHle Management Operations, 
llunfnl'II lluservullo11, filchlan,I, Wa11hi11gtun" (WJ\S11-15:J0). 
•rhr. Hlalcd purposo or the drafl statement Is to reassess the 
environmental impact of the llantord Waste Management 
Ope1·ations program, In order to assure that further major 
actions minimize adverse environmental consequences and 
to account tor those environmental consequences that may not 
have been Cully evaluated at the outset or at each stage oC develop
ment of the waste management program during the past 30 
years . EPA 's comments on the recent AEC drart envlron-
mcntal statement concerning lhe management oC commercially
generated radioactive wastes (WASH-15:!9), arc also perllnent 
to this situation, especially the observallon that" • •• the 
question of how to properly manage the hazardous waste 
produced • •• remains one oC the major unresolved issues. 11 

EPA ls primarily concerned with the long-term potential 
environmental hazards presented by these wastes. Complleatlng 
this problem is the fact that physical and administrative 
controls Cor thie waatu wlll have to be exercised over time pcrlods 
whlch arc extretllely long In comparlslon to the relatively brio( 
hlHtory -:,f ~l\l~'.'." ~--dal Institutions . EPA believe" thcit it h 
absolutely essentiul that these wastes be manaced in a manner 
which will provide maximum assurance that there will be noun
acceptable risk to the public health or environment either now or 
In the future. · 

The principal conclusions reached by EPA are as follows: 

l. Based on the reported long-term monitoring of the environ
ment around the site (drinking waler, air samples, edible vegeta
tion, etc.). we can conclude that, to date, there has been no 
sl1,iific:rnt radiological effect on the general public or the general 
off-site environment from the Hanford waste management activities. 
However, based on the limited amount of published and organized 
data addressing the on-site hydrogeologlcal monitoring/surveillance 
p1·ogram, we urc not able to reach a Cirm conclusion as to the pro
gram's adequacy or ability lo quantify and predict the movement of 
radloacti ve cont a minants thr·ough the ground ·water· system to the 
off- site enviromncnt In the future. 
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2. EPA alao studied suver.al reviews by two conaultants to 
tho Al•;c. J)r. ll. A , Duju 11ntl w. K. Summers, who exam
ined tho hy1h-ocoulogl c:al progrnm and data nvailablo at nanrord. 
Tlu:lr tlncll111:1, i;i1lu;ta11liulc l~l'A '11 c11ni:1:rn11 i11v•1lving clorldcn
ciou In lhu cl:ilu and monUorlni: prol-{rams, tho hyclrologlc · 
Impact of wusto dl11po1>al , the hydraulic properl1011 of tho 
aqulflera, 1&nd tho use!ull\ess o! the modeling programs 
developed !or Hanford . Ao recommended by the consultants, 
EPA believes an independent review and assessment should 
be made of the hydrogeological aitualion at lla.11fon.l. 

3, The practice ofuslng the favorable Ion exchange properties 
of soils to remove radioactlvlty!rom liquid wastes , and thus to 
confine the radioactivity In soil columns , Is a long established 
procedure. However , In using such a technique, the assumption 
ls made thnt favorable environmental conditions will continue 
ln the soil allowing activity trapped therein to decay to Innocu
ous levels . Because of the long time periods over which these 
wastes will remain hazardous, there will be continuing require
merits for control and surve!llance. The AEC should consider 
eliminating these practices by requh·lng that all liquid radio
active wastes bo treated to reduce thtl concentration levels to 
the lowost levols practicable before being di11charged to the 
iround, if such ground discharge cannot be totally ellmlnuted. 

4. 'rh1t rc,ntlnue,1 ,..,P. "'''"rierground waste !::.r.kc ::;: :;tor;gc of 
1olidllled high -level wash: Is acceptable only on an interim basis 
while the AEC ls uctively pursuing a program which will lead to 
tho i.1-:velopment of an environment11lly acceptable ultimate dis
posal method and accompanying waste form , More lnfoa•mallon 
ahould be presented in the linal state merit concerning the AEC ' s 
program to accomplish this and what plans the AEC has for 
developing alternate storage methods if, in the Interim, the 
tank11 containing the salt cake fall, 

~- The approach taken in the benefit/cost analysis presented In 
the drnft statement makes it difficult to idcntlry the benefits 
ot upi:rading tho waste management . program. The final litate
mont should better document the basis for upga·ading waste 
management facilities al Hanford , since the draft elatement 
Indicates that the waste man .. gcmcnt facilities are already 
contributing eosentially zero population dose. 
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6. The concepts and models for the SO-year dose commitment 
values listed In the Jrnft statement are not adequately described. 
While tho dose presented indicates the total Impact on ll,e present 
p:1pulul1011 for that ,Yl!ar'11 opnration, it tllffors Higni!icanlly fron, 
tho l!:l'A concept of 11n environmental dose commitment which 
con11ltlor11 llw porsistcnco and builtlup of long-lived nuclidea 
In tho environment. The final statement should Include a detailed 
discussion al the concepts and assumptions used to determine 
tho SO-year dose commitment for the various nuclldes. 

7. Tho Cinal statement , in Its discussion of both the past and 
future environmental impact of Hanford waste management 
operations, should bu!.le Its analyses on data accumulated from 
all µast ycurs, where it Is available, and not just 1972 data. _ 

JI. GENERAL DISCUSSION 

.e·PA became actively Involved ln evaluating the potential 
environmental efrects or the Hanford wacte management activities 
following tho 106-T tank leak In 1973. EPA's basic concerns 
have remained essentially the same since that time, and may be 
summarized briefly as follows: 

- Have .the monitoring networks and data accurately docwnented 
the e_xtent of underground contamination at Han lord? 

• Do the available hydrogeologlcal studies accurately describe 
tho geologic framework of the Hanford site and tho movement 
of water through It? 

- Are the waste-soil/rock interactions and the movement of 
wastes through the ground sultlclently understood to allow 
valid conclusions to be drawn? 

- Is contamination presently reaching the all-site environment 
and, U so, in what quantities? 

- · Can the AEC accurately predict the location or these wastes 
at the present time and will they be able to do so In the future? 

Fundamental to any discussion of the p,ast, present, and 
future operations at Hanford is a reaU:tatlon that the primary 
purpose of any waste management program is the prolection ol 
the public health and the environment. The hydrogcolo1Jical 
portion or the draft statement was reviewed from that pea·spee
Uve with particular care because; 
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- Dlspoual into the ground has been In the paul anti continues 
to be a major waste mana,::emcnl technique at Hanford. 

- A large amount of radioactive waste (In volume and acllvlty) 
Ima already lc.il;i:tl or lw,m uiHlll>H<:il of lnln ll1l! 1irou11d, anti 
dlt1chaq:e of lhcsc wash:11 from l11u llanfonJ i.ilu into the 
Cnlumhiu Hivcr ut an earlier lime, or in larJ!er quantities 
than prculcleu, could have adverse environmental and health 
consequences. 

- Sorpllon and retardation of the radloactl vc wastes by tho 
soil column beneath and around thu storage tanks are tho 
prlma1·y safely mechanism available if the intecrity of a tank 
la lost. 

- A clear and precise understanding of the geologic framework 
of the Hanford _site, how waler moves through it, and how wastes 
lnterad with this hydrogcologlcal system is essential before 
reliable pathway analyues and dose assessments can be made, 

Wllh these facts in mind, the review by EPA concentrated on 
determining (l) whether contamination la presently reaching 
the off-site environment, and if so, in what quantities and (2) 
H the AEC monitoring program has the capability to adequately 
predict the present and future impact of the wastes on the 
environment and man. Critical parameters which were con
sidered to be i.ipnifl !'onl lnclurled : the amount anrl or,r.urrP.nr.e 
or ground water .. recharae: the geometry and physical, hy
draulic, and chemical properties of the geologic framework; 
tho hydrogeology of the site (the geologic framework and the 
liquids contained therein), including interrelation and Inter
connection of aquifers; interaction of the wastes with the 
system; changes to the system caused by fluctuations in the 
level of the Columbia Hlver; extreme meteorologic events, 
orogenlc activity, or climatic shifts which may occur In the 
future; the place, mode, and amount of discharge from the 
system; and representativeness an<l timeliness of sampling and 
monitoring data used in generating values for these critical 
parameters. 

The AEC has stated that the radloacli ve wastes in the 
ground are not an environmental hazard at present, nor do 
they rep1·esent a potential envlronme11tal hazanl in lhe future. 
This conclusion is primarily based on infonnation from their 
hydro'geolo~ical studies, data from the monitoring ne tworks, 
ond mathematical models which predict the travel paths and 

5 

tran1Jll timeR of wastes th1·ough the i;uhsurfaee . In spite or 
the many refcrc1wed studlell and data, however , we feel that 
stcntricant technical que1:1lions still exist that need to bo resolved. 

'!'lie drurt 1:1talc111enl relics on data ft-0111 a ba11e year (1972) 
to characterize the cnvironmcnlal impact or waste management 
activities al 11:mfurd . This base year data Is also used in 
estimating the p:>lcntial environmental effects oC future activities. 
It should be re a lized that thu Hanford waste manat:ement operations 
arc clynamic and the Impact of wastes previously uisposed of may 
be aCCcctcd by natural or man-originated activities in the future. 
A lrnseline conr.ept Is useful, but the use or all past data and not 
jui;l 1972 data would have more validity. 

In preparing for this review, EPA directly requested from 
the AEC a laqre volume of technical Information It thought necessary 
to perform an independent ausessment or the environmental impact 
of ope ro.tlons at Hanford. The information was requested to support 
an Independent assessment or : the geologic and hydrologlc 
conuitions at Hanford; the monitoring of wastes in the Hanford 
environment; and the ability to document present conditions 
and predict the future extent of radionuclide migration in the 
euLsurface. The Information supplied by the AEC, prior to the 
receipt of this draft statement , was not adequate to resolve all 
of our concerns . According to the AEC, some of the information 
requested was not avallable in the form desired or within the lime 
period needed, and some did not exist . The AEC suggested that 
the most practical approach to resolving many of our concerns 
would be lo holcl extensive working meetings _at Hanford between 
technical staff members of each Agency. Unfortunately , this 
could not be accomplished during the time allocated for reviewing 
this draft statement, but such a meeting may be held at a later 
date. 

The usefulness or pathway analyses and dose assessments 
depenrl, to a great degree, upon the certainty with which the path
ways and rates of movement of the wastes are known. Con
fidence in the abi lily to predict what will happ:m lo the Hanford 
wnstcs in the future is an essential element in deciding on tho 
long-term environmental acceptability of the Hanford waste 
management ope rations in the past, present and future. Much 
of the lnformaliun previously requested by EPA and in those 
comments ls specifically addressed lo meeting this need and, 
we feel, ls essential to support an lndcpcn<.lcnt conclusion 
concerning the ability of the Hanford site to safely contain 
the wastes stored there . 
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During our cv.ilualion, we l1avc slu1ll.,,I till: rcvi,: ws by 
U1·. R, A. l><!ju and W. J(.. Su111111crli, (I, 2, :1 , 1) .:onsullanls 
to tho Al!:C, who ei.n111lned the l1ydro1:color,i,,al and hyJrnchcmlcal 
roporte nnd data ava ilable at Jla11ford. Them lnvottli1'. <1lors 
1·c porl<!d fi1ull111: 1>cvcn1l 1l,:fici.,11eii,:,1 in the ,lala r1·11111 1111: walc1· 
love! and ra,llochcn1ical monitoring program. These data 
nrc vital lo an unJcr :; larulinc of lhc regional hy,Jt-o logy , the 
deflnilion of the hydrological impact of watilc dlspo,ial , the 
hydraulic propurtie11 of the aquilcrs, and the ui;efulnese of 
the mathematical model specifically deveto1,cd for usu al 
Hanford. 

Based on the infonnatlon avallahle to l~PA, lncludln1! 
that preliented In tho drart statement, that 1·ncei vcd di n :ctly 
from thti Al~C , and that available In the rep1,rts of DcJII and 
Summers, It ls EPA ' .s opinion that the hycfro~culoglc In
formation presented Is not sufficient lo support a compl'c 
henslve evaluation of tho potential for environmental damage 
presented by the pre sently stored waste, In holh tho near 

· or long-term future . Wo have, however, fonnd no imll c .. tion 
that theee stored wastes have pr esented an unacceptable 
environmental hazard to man or the environment up to the 
present time. · 

To reach a.n unqualified conclusjon concerning the 
environmental safety r elate d to the waste management 
acilvilita, 1t• •i1i 1> ., , (.,, EPA recummeud:i thiil ;. ; ;..:;.·v uj;: , 
independent review and assessment of the hydrogeolo1Jlcal 
slluallon at Hanford be made, as ali;o recommended lly Deju 
and. Summers . Such a comprehensive study is even moru 
imperative if this site receives further considcra.llon fo r any 
other AEC waste p1·ograms, such 11::1 noted in the AEC'6 d r a.ft 
atatement for the ir commercial high-1.:!vcl waste management 
program (WASH-1539). Cooperation of other ugencie11, i; uch 
as tl1e U. S. Geological Survey and EPA, should be soui;ht by 
tho AEC in organiiing and conducllnc the rccommendod eval
uation program. 

More emphasis should bu µlaced on the devclopmc11t ot 
an environmentally a c ce ptable sy1, tcm for ullunale disposal 
of these hich-level rad ioactive wastes. This should include 
an aJequato description of a program to develop such n system, 
tho priority uttachcd to such a progi-am and an indication of the 
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rosourcee required. As EPA commenlnd on tho commercial 
high-level waste 11111nDJlllment program, we believe that work 
on promising altcrnati ves should be pursued concu1-rently 
l)ccausc ll ha renli:.wd lhat ll1<:1 ·c is a d,.;k of failure In uny 
research and duvclopment effort. 

In our December 4, 1973 comments on the original outline 
for this druft &talcment (pages C-164 to C-193), EPA succesled 
that the AEC, in discussing lhe continue,! use of the cribs, 
trenches, etn., considur lhe "llecommendod Data Ruquirc
menls for Environmental Evaluation of Subsurfaco E111placo
ment of Fluids by Well Injection". These requirements, con
tained in the Administrator's Decision Statement No. 5 (ADS 
No. 5), dated February 6, 1973, establish the basic require
ments for EPA review of subsurface fluiu uisposal practices. 
The information contained in the draft statement does not meet 
these data requirement and , therefore, no conclusion can be 
reached as to whether the Intent of the EPA policy on this 
mo.tier has been complied with. The final statement should 
reconsider this matter and supply the information necessary 
to resolve this uncertainly. 

III. SPECIFIC HYDROGEOLOGY COMMENTS 

The detailed comments that follow, taken together, in
dicate that In our ludement a general independent rP.nna)vAlfl 
of the Hanford hydrogeology is warranted. . 

1. The draft sta tement Is incomplete In its presentation 
oC data Crom supp:irllng hydrologlc and geolocic studies (with 
&ucticlent documentation and references), including the results 
of any aoll lnvest(galions related to waste retention in the un
saturated zone . The presentation of actual data in the draft 
atatemcnt, either in tabular, graphical. or figurative form ls 
minimal, and, in the case of some maps. essentially lllegillle. 

2. The hydraulic Interconnection of the confined and 
unconfined aquifers is not .sufficiently discussed in the ,Jr-aft 
statement. There appears to be a clear interconnoction, as 
evidenced by the erosional "windows" in the intervcnini: 
aquilard (page I(. J-435), the potential distribution benl!alh the 
200 Arca (1) and the tritium co11 cc,ntrations in cround water 
from tlU! basalt a411ifcr (page II. J-U-73). Contrary to what 
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ls ulaled on page ll. 3-:10, lhc wntcr lahlc ma,, prcsnntod Is 
nol ntle«111atc In characlcrlzc tho prcttcul Hlalu of the unconfinurl 
oqulfur. A series or flow sy!ltom cros!I i;ectlon1:1 urnl uupporllng 
dala concerning flow roles, volumes, and waler quality arc 
nlHu neccsuary lo charoctcrl~o tho oxlullna ultuollun. 

J. 'l'hc fiflh par·a,:raph on pa1:o IL J-JU Incorrectly equalcR lhc 
i:rountlwalor polc11llal mop wilh a water tal,lc mar. IHscha,·i:o 
from lhu unconfined aquifer (rage II. 3-41) likely occurs nol only 
by ovapotransph·alion but also by evaporation from either a f, ·ee 
water 1;uface (West Lake) or by vapor lransporl from areas having 
a hich water table, as along the Columbia River. Furthermore, 
ground water introduced into the basalt aquifer in the 200 Areas 
may discharge by upward lcakace and movement lo the unconfined 
aquifer and to the Columbia River, or H may move to other un
specHied areas. 

4. In describing the effects of Columbia River bank seepage 
(page IL 1-62), the drafl statement doos not consider ttle wastes 
retained In the sediments nnd the non-measurable, diffuse dis
charge from the various sources to the river. Only part of the 
waste transport (by sprlncs) is described for the present (1972) 
and under present hydrologlc conditions. The final statement 
should consider other waste Cluxes in the springs and the diffuse 
flow of ground water from the same sourcee under different 
hydraulic conditions which are likely to occur in lhe future, 

5. The dlscus:;ion of Columbia Rlvcr floodlni? (pal!e Ill. 2-64) 
considers only erosion and physical transport, whereas 
chemlcal transport by river water or by atypical ground 
woter conditions associated with flooding should also be 
considered in the final statement. This should be done In 
analyzing the Impact of the various piannlng floods such ae 
the Probable Maximum Flood (PMF) and the Standard Project 
Flood (SPF), and also for the lesser floods which may have 
an adverse impact on the wastes. 

6. On page II. 3-D-65, it is stated that 90 wells have been 
drilled to the basalt. The final statement should indicate 
how many wells are drilled into the bosalt, the slits, and 
the clays of the confined oquifer. 

7. In discusstni: aquifer characteristics, eeveral statements 
are made, on pages II. 3-D-36 through II. 3-D-43, relating 
to input.data for assessing groundwater movement. Deju (2) 
was quite explicit about what he thoui:ht were inadequacies of 
the single well (versus multiple well) tcste and time duration 
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which could i:tve queslionahlo resulls, depending on tho muthocJ 
of dnta analyslu, for lransmiesivlty and pernwahlllty, lleeolu
tion of dlffo1·en<:cs between the values dcrlvecl by l>cju anct 
lhoso from AEC contraclt>rs for holh of thci;o parametcre ond 
tho impact or d1a111:cd val11cu 011 1111: pn:diclc,I 11111vemcnl of 
radlonucliclee should Ire fully explained tn the final statement, 
We fuel thal lhe,;u acldilional cha,·aclerisllcs aru also elgnlficnnt 
for evaluotinu any waste disposal program involving aquifers 
and should uc Included with those stated on page II. 3-37, Tho 
usu o{ single well tests for developing pcrmeablUty and trana
mleelvlty data for Input to the ground-water flow and transport 
mot.lets should be justified In the final statement, 

8. The drafl etotemcnt, on page II. 3-D-37 , states that the input 
data necessary for calculating the storage coefficient were not 
available and that techniques have not been developed for cal
cul11tlng this coefficient. Therefore, we feel that an aseumed 
storage coefficient value, as a basis for estimating effective 
porosity, is not a valid foundation for model development . The 
final statement should include a detailed clarification o{ these 
and other bnslc assumptions, or Indicate IC a program le planned 
to obtnin field-determined storage coefficient valuee relevant 
to the flow and traneport models for eaturated conditions. If 
available, sensitivity analyses relating the various parameters 
to model output ehould be included. 

9 , In our opinion, since the storage coefiiciem its 111& .. ur,H;.; 
rather thah calculated from testing, and the values for hy
draulic con du ell vlty arc ln question, we believe that the 
validity of the computed groundwater flow velocities (page 
II. 3-D-43) is also queelionable. Deficiencies In the past 
and present monitoring i;ystem, unfortunately, do not permit 
the calculated velocities to be field verified. 

10. The statements on pages II . 3-D-47 through II. 3-D-51, 
concerning .digital modelinr, of groundwater flow and radio
nuclide transport in the saturated and unsaturated zones at 
Hanford are not complete enough to permit an Independent 
a1.1ecsemcnt of the adequacy of the modeling program . Limited 
field data arc acknowledged , but model testi11g using these data 
still remains Incomplete, The comments by Dcju (2) and 
Summers and Dcju· (l) for example, largely dieagree with the 
reported. ntalc -of-dove loprnent of the modeling program and 
the adequacy of the data base as implied In lhc draft statement 
and elated in eta.ff discussions with the AEC . Additional infur-
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mallon uhould ho lncl11dcc.J lo support lhu st11to-of-dcvelopmcnl 
oC the moilolinu prosram. 

11. The final 11lalemonl should clearly slate whether averaco 
01· at:lual lravd limes unc.J flow vcludlies 111·c u:.cd in all 
aut:liun11 of the luxt (i . o . , Figure 11 . :!-0-16 II.Ile.I uiscus11lon on 
l}aCU II . :1-1>- 1'1 l clc:;criblng actual 01· projcclcu movumenl of 
radlonucliclus in tho llanford subsurface environment. The 
!lrst arrival or a radionuclide determined on the basis oC 
actual velocity la an important consideration In judging the 
acccplabllily of wuslc manai:ement operations. flellance on 
avcrngo velodllci; and necessarily lunger travel Umea may 
not olway:; bo rcali!:!tie and may, In Caci , bo "'very non-con
sc.rvo.Uve ororatlng policy with respect lo minimizing adverse 
environmental Impact, 

12 . Tho environment».! sultablllly or the Hanford reservation 
as a site Cor radioactive waste management acllvitiea relies 
partly on a determination that the Ringold Formation and Pasco 
Gravclu aru generally compact and undisturbed (page U. 3-25). 
Based on the draft s tatement, the Pasco Gravela may not be 
compact, a11 evidenced by tlieir consi:.lently low seismic (Pl 
wave velocities oC about 2 , 000 Ceet per second (page II . 3-C-14). 
The reported high load bearing capacity may not Indicate com
paction, but rather could be explain~d by the point -to-point 
contact between cobbles . A broader discussion of Utl11 l11sue 
111tw>11Jd 1:-e indu<led in thf' Clnal statement. 

13. Tho drllft statement (page II. 3-0-77) indicate a that periodic 
program reviewa (other than Deju and Summers) have been made 
oC tho lla11Cord hydrology procram. Specific references and results 
conccrninc all prior reviewa should ·be Included in the final stale -

-m,mt. 

IV. SPECIFIC WASTE MANAGEMENT COMMENTS 

1. In our opinion. the continuing dischai·ge oC chemical and radio
active wa.-.tcs into a crib and trench at the N-Reactor is an environ
mentally unacceptable pracUce to follow in a hydrologically active 
regime like a river bank (pace 11 . 1-58). The practice alao appears 
to conflict wil h the intent of the 8PA Admin ist rator 's Decision 
Statement No . 5 (" EPA Policy on Subsurface Emplacement of Fluid11 
by Well Injection") &.nc.J r::i.:ecutlve Order 117!:i2. The assumption 
that r.ndloac\ivc t.pecics . such as strontium. ce sium , and cobalt. 
will accumulate and be retained in the soi l presupposes no rcmovu.l 
by lcachirog associa tec.J from a rising water tablu concurrent with 
river flood stai:o or othe1· causes. 

11 

2. Liquid effluents dischargcc.J to ponds and cribs on tho Hanford 
silo arc reporlccJ In l11e drart statement us being ,:encrally 
low In radl11nctl vity ( < 0. 05 _,A-( Ci / ml). except for tritium 
(pnuo II. l-011) . It Is lmpnrfant In ri:cov,nizc that holh tho con
cc11trolion und ,•11lu11w need lo be cu11:;lde1·ed In U!iSllll/jing lhc 
tutal l111pncl nf radioactivity disr.har,::ed lu thn <.:nvlronmcnt. 
'J'he final atatoment should clarify this situallon i.nll present 
both concc11tralion and volume c.Jata where applicable .. Justifica
tion for the continued use of the cribs, despite the criticism 
by the Nallonal Academy of Sciences study (5), should be made. 

J, Disposal of intermediate and low-level wastes in the 200 
Areas, where hich-levcl w_astes -Ire also stored, may create 
ground-water mounds and unnatural groundwater flow directions. 
This complicates the prediction of the flow directions for !utu1·c 
operations should alternatives for handling low-and intermediate 
-level wasteu be adoptec.J. This sltuaijon should be recognized 
and addressi:d in the final statement. 

• • Tho chemical quality ot ground water In the unconClned 
aquifer is not adequately monitored lC, as indicated ln the d1·aft 
statement , only 14 analyses per year are collected on a semi
annual basis Crom eight (unspecified) locations, and lncomplote 
anolyses arc performed. The presentatio11 of chemical con
centrations near the surface o! the unconfined aquifer is neces
sary for characterizing an adequate flow system. Therefore, 
t: ..... .:.t~..,.:, :'"' :....:. :"":~.:..~ : .... ~-.:.:.!!:J :1·.!!; &_:F,:::-.:::! ·.-::.::.~::-.:::!nth!! 
monitoring procram, Including a more complete chemical cation 
and anion analysis (sodium, potassium, calcium. magnesium, 
bicarbonate, carbonate. chloride, sulfate and ni\rate ). should 
be discussed ln the final statement. 

6. Only part of the waste discharge permit applications (pages 
U.l -148and U.l-lSO)are shown in Appendix 11.l-D. Not shown 
are details concnrnlng concentrations, flow volumes. and 
chemical spt:cies discharged. The practices described on page 
V-47, concerning chemical release to the Columbia River, arc 
not accl.lptable lo £PA and will have to be chanced under the 
condi lion:. of the forthcoming EPA permit to be Issued under 
the N11lio11al Pollutant Dischargti Elimination System. Effluent 
limit:. for nonradioactive waste and an effluent monitoring 
p1·ocram will very likely be 1·cquired. The final statement 
should indicate that any chances in waste treatment practi ces 
neede d to meet !::PA permit requirements for the discha1·ccs 
described in Appendix D will be madu. 
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G. The maps prnviclecl on pa1ics II,3-44, 11.:1-46, and II.3-47 aro 
useful ln depiclin1i the gene1·al location of lhe chemical discharge 
plumes extending from lhc _n:chargc areas. llowcvcr, we feel 
lh nt i;cvc,rnl l:11·1:f! :u·cas havo nnl hcen ndf!q11atnl.v monilorccl, 
hencu lhu ~;hapc a11cl cxlenl of lhu plumes u,·u inluq,:,lalcd . The 
final statement :;hould include the samplln[! 111ulh11ds ullllzecl 
and should present lhe dala obtained so lhal 1·cviewcn1 can reach 
a decision as lo the adequacy of the groundwater monitoring 
program. 

7. Al various places in lhe draft statement, movement of radio
nuclidea towards the Columbia River from the 200 Areas ls 
mentioned, bul it ls not clear what constltucnls arc reaching the 
river now, have reached lt in the past, or will rt:nch it in the 
future. An earlier report by Brnwn and Haney (U) slated that 
six lo seven percent of the ruthenium ancl 70 percent of the 
trllium from lhe 200-E: Arca reached the river. Lesser 
quantities were allributable lo the 200-\V Arca. The final slale
ment should provide information on the qu,mlity of ruthenium 
th&.t ls in an Ionic form, which is not retained in the soil (page 
11. 1-00), an estimate of the quantity of ruthenium, tritium, 
nnd nitrate in the ground waler, lhe time of introduction, and 
the concentration. 

8. Estimates of gross beta, tritium, and nitrate quantities 
in the zone of saturation (unconfined 011ly), as described on 
page 11. i-ijlJ, are Ucltit:U UH lht: ci::i&Ur1,..,~ivu ~= . .:..~ .:.,:;!:.::::tr:::.• 
lions at the waler table are representative of the aquifer on the 
whole. This assumption should be substantiated in terms o( 
other available data, as it presupposes complete mixing, no 
density stratification, and docs not deal with the three-dimen
sional aspects of the groundwater flow system . The presence 
of tritium ln the basalt aquifer, for example, is indicative of 
possible deep downward and lateral movement of radlonuclldcs. 

9. The illustrations shown on pages 11.1-131 through II. l-133 
ar·e not legible enough to allow the reviewer to Identify specific 
well locations. Concentration values from the individual wells 
which were used to create the maps should be provided in 
the final slalemc11t. In our opinion, it may be of more value 
to a l'eviewcr to i;how contour lines or isopleths clrawn on 
actual values for Ilic delineation of zones 1·ather than defining 
the zones as representing a certain percentage raugc of the 

Concentration Guide. Va1·iations In concentrations at sampling 
points i;houhl also be staled lo inclicah: val'iability in the system 
through lime as well as space. Concentrations of 1·adionuclldcs 
In 1!1·1111ncl water hr.neath aoli<l waslc disposal sil,:s in the 100 
and :JOO /I rcas appear lo be missing from Table II. 1-7 on page 
11.1-1:.15 ancl should he included ln the final statement. 

10. The drart statement (page II. l-156) discusses the use
fulness of the nitrate ion as an Indicator of the extent or the 
radioactive waste plume. llowcvcr, since nitrate Is already 
present In several parts of the Hanford reservation from past 
agricultural acti vi lies, It may not be possible to rely on nitrate 
ion n1easuremenls as being valid Indicators of radioactive waste 
concentrations in the subsurface . The · final statement should 
discuss lhe continued usefulness of the nitrate Ion as an in
dicator. 

11 . The presence of tritium in the confined aquifer(s) (page 
II. 3-D-73) raises the possibility of either migration or modern 
recharge (sin ce 1952) and would indicate the confined aquifer is 
part of a dynamic system. Therefore, the final statement needs 
a more complete explanation In terms of radionuclide migration 
in the subsurface and should also Indicate on a map the location 
or the well which reportedly has the hlahest concentration (well 
299-Wll-2-P). 

1i. Leakage 1rom me lUU-N Area a1sposa1 trencn ana cr10 may 
occur a!l bolh localized spring flow (seepage springs) and as 
general baseflow or diffuse ground _waler return flow. The 
statements on page lI.1-5, and elsewhere in the draft statement, 
do not consider the latter mechanism for this area (100-N), the 
other 100 Areas, or the 300 Arca. The final statement should 
consider this other pathway mechanism. There is also a need 
for more quantification of the mass or activity transported ln 
waste materials, both radioactive and nonradioactive, from the 
AEC reservation to the river. Uranium from the 300 Arca 
North Pond and farm wastes from the 100-F and 300 Areas 
are currently measured and reported al the source trenches 
and ponds rather than as a quanlitybeing releasccl to the river. 
Reliance ls apparently placed on the detection of radionuclldcs 
in the river water or subslralc and , therefore, dose assess
ment analyses lake full advantage of dilution by the river. 
The presentation of only 1972 data for the 100-N, 100-F, and 
300 Areas (pages lll. l-7 11[. l-9) may be inadequate unless it 

l 
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CIUl bo 11hown that lhuuo aro reprm1e11tallvu of past and projected 
condltlonll . In addition, tho limo It took lhu radioac.ti ve 111utorialr; 
to reach tho Columbia Rlvor (page (l. l-141) a:;hould be inclu<le<l. 

1:1. Wusles benenlh lite criba u11d trqnchus aru prcscnlc,I us 
being fixe<l In placu . This , however, would nol appear lo be the 
case. sinco gravity drainage of the soils will continue lo occur, 
admittedly at a vory low rale , which evenlually will coulinue lo 
approach an equllibdum state . Tl1e draft slalement <locll not 
appear to prellent enough information for the quantltativr! or semi
quantitative analysis of water and chemical transport th rough soil 
bonenth the cribs for evaluati ng either the present silualion or for 
predlcllng future behavior . The draft statement indi ca tc i; a dowuwurd 
migration ut crib 216-S (page ll . l-C-84) of both cesium-137 an<l 
strontlum-90 somo ten years after use of the crib was clisconlinued. 
This would indicate that t hese nucl.ides ai-e not tightly bound to the soil 
column and could present a signi ficant future impad . The causes of 
thl11 migration, its estimated rate, and evaluation of lhc: migration at 
other shes needs further discussion ln the final statement. 

14. It appears from the draft statement, that there i:; no post -
disposal monitoring performed within the soil profile. lllUS waste 
llxatlon in partially saturated soil is calculated 011 th<= bas is of rouliue 
lal;loratory results rather than fi e ld observations. Apparently, flelcl 
observations are limited to accidental spills. monitoring of ra<lio 
nuclides in the water table, and e xploratory drilling/te:;ling to determine 
antecedent conditions. 'fhe final statement should include a more detailed 
dc:ecrlptlon of the waste volumes present in the unsaturated zone an<l 
their future onvironmental impact under val'lou s hydrologic conditions. 
Information on the distribution of radionucUdcs beneath two cribs (page 
II. 1-C-81) may not be representallve o( all crib:; use<l, an<l therefore, 
additional documentation is necessary. 

15. The radioactivity estimate above the waler table as p1·esentc<l on 
page II. 1-129 may repr~scnt but a small fraction or th e total invcnto1·y 
in the unsatura,ted zone . In liquid waste disposal arnas , use has hcrm 
made of the entire unsaturated soil column for radionu c lide stor;,ac, 
yet the inventory in only the lower 50 feet has been calculati:d . A 
complete inventory of the enti re unsaturated :wnt: , Including chail{!":J 
obeerved in the past and also any projt:clions made for the future, 
should be included in the Cina! statement. 

15 

10. To allow reviewers to form a clearer unclerstan<llng of the cnviron
mcnt11l effects of past waste management practices, the final statement 
should stale what cribs, by area. were used to the point or "break through" 
a.net incticale any sluclics which have hecn macle to verify that the radio
nuclldei; a1·e titlll bound lo the soils near lhe point of entry to the gr11u·11t1-
watcr system. Tlw final statement should also explain how such binding 
will be .. rrcctcd if lhe water table rises or Calls, and describe the co11-
U11ulng monitoring program which wUl be used to confirm the conclusions 
reached concerninc the environmental acceptability of the use of these 
cribs. 

17 . The avera.ce flow velocity from the 1301-N crib to the River Bank 
S'prlng ls stated in Table 11. 3-D-13 a.s 10. B feet/day. The distance from 
the crib lo the bank is given as 800 feet (pace II. 3-D-f>l), indicating a 
computed travel time o r 74 days. However, the minimum travel time is 
6tated as two to four days on pa1-:e II. J-D-51. This disagreement in 
tr11.vel li111e values should be resolved in the final statement, ancl any 
9ther calculations based on this value shoul<l be reviewed to determine 
whether they are sicnlficantly affected. 

18 . The distinction bet ween liquid, sludge; an<l salt cake should be 
specified in lhe final statemi:nt in terms of liqui<l content and activity. 
For example, on page 11. 1-80, salt cake ls referred to as an immobile 
solid, whereas on pages II . 1-70 and II. 1-06, salt cake is depicted as 
being partly liquid and mobile if a tank falls. In the case of the SX tank 
farm, tanks too leaky or weak for sluicing are being used for waste 
stol'agc (page II. 1-70). ::;ince the sludge contarns a mgn percentage oi 
liquid, chances ln the liquid level are used for monitoring leaks (page 
II. 1-78), the linal statement should evaluate the environmental impact 
of continuing to use such weakened tanks for any waste storage. 

19. The <llscussion of in-tank solidification (page II. 1-86), states that 
gravity drainage of a "salt cake," which contains 30 percent inter
etllial liquid, can proceed for a -time period of many years, hence the 
pumping endpoint (for interstitial liquors) is understandably indefinite. 
ll ls Curlher state u thal when the maximum amount of liquiu is remove d 
from the lanks filled with salt cake from the ITS system. the tank is 
considered stabilized for i nterim storage. The final statement should 
discuss how much liquid is expected to be present in the tanks a l thi: 
time they 11re con!iidercd s tabilized , and whal environmental threat 
this ll11ui<l po!!es if tank integrity is lost . 

20. On 1>age 11 . 1-7 , it Is stated that the SX farm tanks are enclosed 
by a complex of vcl'licul and horizontal dry wells; yet , on pa1:e n. 1- 87, 
it stutei; that these tanks have e xternal leak dcleclion systems rather 
than a net work of dry wells. This apparent discrepancy should be 
resol vc u in the final statt:ment. 
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21. The finol slolcmcnl should discuss lhc diffic11lllcs Involved in 
accurately measurinn liquid levels In materials with u very high 
aolids content and whether such levels can be rcliahly used to 
chnraclcrlze Ibo l1·11c hydrostatic head lhrnughout lhc lank. 

22. Tho draft statement lndicalca that new storar,e tanks will be 
built fur sloragu of· sail-cake, hut lacku sufflr.icnt discussion con
cerninr, actions lo furllwr process the sail-cake inlo a safer, more 
manar,eablc and rl!tricvahle form. The drafl slatcmcnl docs nol 
clearly state what lhe AEC's Intentions are rolatlvc lo tho con
version of tho hlrJh-lovel waste to a form 11ullable for ullimale 
disposal. Theroforu, since assurance that the high-level waele 
le in a form suitable for final disposal is mandatory for protection 
of public health ant.I tho envfronmcnt, we believe this Issue should be 
discus sed in more detail in the final statement and an indication 
given of wl1en conversion to a final form will be accomplished. 

23. On page II. 1-55, it Is staled that solid wasle burial ceased 
in the 100 Area in 1973. The final statement should describe the 
wastes (type, act! vily) which are still buried there. Slalemenls on 
pages JI. 1-58 and ll. 1-59 indicate that solid wastes from the 100-N 
Arca arc present In other 100 Areas. The final statement should also 
indicate the locations of these wastes as well as quantities by species 
and their proximity to the maximum and mean water table. These 
wastes arc apparently located In what seems to be a ground waler dis
charge area which would be characterized by a net upward migration of 
tl,e ..i .. ,.,,, .i~t!1er .:..:; ·.-~;:.=-:- ::::, less lik~ly, "q "r:";,1 The possibility of 
this occurrence and the effect on upward migration of wastes by 
diffusion or convective transport should be evaluated In the final 
statement. 

24. Solid wastes and solid residues froin liquid wastes In the 300 
Arca ns well as in the other reactor areas (page II. 1-G0) including the 
N-Heaclor, present a large (pal{e II. 1-26) potenlial source of contam
inants to the ground waler and to the Columbia River. The vertical 
dlsto.ncc Crom the river, as well as the hydrologic characteristics of 
the Intervening sediments, should be detailed in the final statement 
for these sites. An evaluation should be made of the stisceptibilily of the 
burled materials to not only erosion and physical transport, but also 
to dissolution and convective movement in flood water or ground water . 
In particular, the effects of a rising waler table, associated wilh max
imum river stages or other \:auscs. should be con s idered in conjunction 
with an assessment of waste solubilities. Mo11ilol'i11g programs associated 
with lhc Cerminaled cribs, trenches, ponds, burial areas, and contam
inated facilities in the Inactive (100) Are as should be described in the 
final statement along with actual data from such programs. 

17 
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25 . On PDl!C II. I - 128, lhc draft statcnwnt .ln<llcalcH that tho 1. 0 xlO 
gram,; of plutonium disposed of as liquid discharr,c lo lhe soil 
represents 11 , 6-17 Cl. Tho final statc:mcnt should lndlcato whether 
this plutonium Is uncontrolled and irretrievably dilu:harged and, 
H llO, what the long-term cnvironmcnlul Implications arc for this 
amo1111t of plutonium contained l11 the Hof I. 

26. Si11ce land containing lransuranlum waste 111 considered 
unui;abl,p for hundreds of thousands of years, an Important aspect 
of waste mo.nagemcnl le control over nuch eontumlnnlcd areas. 
Tho finlll slatemcnt should list those specific land areas which contain 
lransu1 ·n11lcs In soil or sediments In such Corms and q11antllles that 
long-lcnn control and surveillance Is required , Allhough recovery 
from some specific silos was mentioned In the draft 11tatemcnl, a more 
comprehensive plutonium recovery program seems to be a pos11lble 
alternallvc to the current program . The attendant difladvanlagcs am.I 
advw1ta(!CS of each approach, insofar as they can be estimated, should 
be presented In a dlQcusslon of these alternatives. 

27 , Since transuranlum-contamlnated solid wastes have only been 
burled since 1970 in readily retrievable, contamination-free packages, 
(page II. 1-97) more Information should be supplied, in the final 
statement, concerning those transuranic wastes buded prior to 1970 In 
non-retrievable Corm. This Information should include the long-term 
ourvelllance plans, ground water monitoring facilities , and the environ
mental Impact resulting Crom leaving the wastes burled or recovering 
the wastes and repackaging them !or shipment to a Federal repository. 

28. There are three burial grounds mentioned (Table U. l-E-1) in the 
300 Arca which are reported to contain fission products and plutonium 
(No. 1, :JOO North and 300 Wye). The depth of the water table beneath 
these sites varies from 41 ·to 65 feet. The final 11tatomcnt ahould dlHcus11 
the quantities of plutonium burled at thefie eltes and alflo wh11t potential 
exists for ground water contamination or lranslocallon of the wastes to 
the surface due to loss of integrity of the. puckaglng, and in addition, IC 
any of these burial grounds contain liquid wastes. 

V, SPECIFIC BENEFIT/COST ANALYSIS COMMENTS 

1. The approach taken in the draft statement makes It difficult to 
identify the benefits or the program . Only a small portion, $265 , 000, 
out of a total of approximately $42,000,000 is apparently lo be spent 
on Improvements that will reduce population dose contributions for 
normal operations. The remaining ex11cndllure Is lo Improve radio
nuclide containment In facilities that 1 

• • • are already contributing 
esscnllally zero population dose" (p. IX-4). Therefore, the major coals 
of this program arc not identl fled with reduced environmental factors, 
but are committed lo a reduction in the polcnllal fo1· future leaks or 
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accldcnl11 lhal could huvo o nvlronmental conso'lucncos . Reduction 
ot cnvlronn1cnt 11l ris k ls oC course 11 bencflt ot a waste manacc
mont program; how~vcr, thcro ls little dlscu:islon of this. 
Whore bunnlltu arc roforrod to, they nro dlscusscil. in th6 context 
nf <'Ontlnuln,-: tho limlallon of raclloar.tlvn matcrlalH from man'11 
cnvlron111c11l (pace l- :J) or of malntalnln{I control ovur wal:lto mulorl11l11 
(pogo 1-11 ). 

2. EPA beliovus that thure ls Jusllficallon for upgrading watite 
manaccmenl fncilitios at Hanford , but believes that the need {or 
this upgrading cou ld be better substantiated. An approach which 
would better identify benefits and faclli talc lhe comparison or 
benefits and costs of alternative programs should be p1·esented In 
the final statement. 

3. Allhouch the AEC has discussed the alternative programs for 
Wllsle managem ent , EPA does not consider the discussion of thei r 
merits lo be lldequale to justify the choice of the particular upg rading 
procra.m being undertaken. T his weakness stems Ill leasl partially 
from the inadequate treatment of benefits . However , even It the 
beneCits (possibly detlned to be a standard minimum level oC environ
mental damage and a standard reduction of poten tial for future dom
nges) were tre ated as given, alternative programs that meet lhese 
stondarJs could be compared on a cost basis, wilh the leasl cost 
alterm1tlve being lhe preferred choice. 

4 . The brief discussion of the operating costs on page JX-2 does not 
indicate whether the 35 million dollars per year opc1·atrng costs rotcr 
to lhe incrementlll costs of operating the upgraded waste management 
lacllllles, or whether they refer lo something more lhan incremental 
costs. In eithe r case , _any increment lo operating costs lhat are 
incurred in the use of any of the alternative programs for waste 
management should be included as a cost of each allt!rnative . Since 
these incremental cosls will continue into the future , lheir discounted 
present v al ue must be added to the capital costs of each olternative 
before thu co1>t of lheso alternatives are compared. 

6 . The discussion of land use docs not explicitly s tale that there 
are chances in land use commitmen ts associated with diffe rt!nt 
waste management programs , All changes In land use , ass:>ciatcd 
wilh alternallve waste management programs. should be Included 
us a part of the costs of each program. 
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IV SPECIFIC DOSE ASSESSMENT COMMENTS 

1. Tho concepts and models for the 60-year dose commitment 
valu\Jtl ll:;ted In the d rafl 11talnmcnt arc nul udcqualcly dcscrilmd. 
'l'he model can only be i nferred from equation 24 and three .lines 
of tcxl on page Jll-O-23 and from the concluJlng paragraph on 
page IU-B-14. Tho dose calculated ls the total do&e to an individual 
over a SO-year period following the accumulation of long-lived 
nuclides within the body during the subject year of operation. · 
While this lntegrllled dose represents the total Impact on the present 
population for the year's operation, It differs significantly from 
the EPA concept of an environmental dose commitment which con
siders lhe persistence and buildup of long-lived nuclldes in the 
envi ronment. The fin al statement should include a detailed dis
cussion of lhe concepts and assumptions used to determine 
the SO-year dose commitment for the various nudities. 

2. Section JU. 1. 1. 1 Indicates that maximum release from 
routine operations can be expected to occur durinj! the 1980's, 
yet doses Crom routine releases are calculuted ba!led on 1072 data. 
The final statement should indicate calculations Lascd on projected 
leveh for the 1980 ' s. In 11ddition, lhe final statement should include 
dose estimates resulllng Crom tornadoes, earthquakes, equipmenl
lallure llCcldents, and a ruptured upstream dam, such as the 
Grand Coulee. 

3 . The fodine-131 dose conversion factors calculated for 
fnhulation, based on the age dependent parameters presented 
in 'fable 111-A-5, were compared with those in Table m-A-6, 
and with those in lhe Environmental Analysis of the Uranium Fuel 
Cycle Part U (EPA-520/9-73-003) Table 40. The following table 
presents this comparslon. 

Inhalation Dose Conversion Factor 
(mrem/yr per pCi/ml ) for Jodine-131 

Age 
Calculalcd Crom 

Table HI-A-5 Table IU - A-6 
Table 40 

(EPA) 

6 months 
1 year 
4 years 
14 yeu r 11 
Adult 

17 . 0 
10. 6 
8.57 

10. 4 

12 . 5 
8.07 
6.76 

10.6 

17. 

42. 
15. 

8.8 
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Althour:h lhc dlffc1·encos between the EPJ\ nml AEC dose con
vc1·Hlo11 faclorH 111i1:hl be cxplaincc..l by rca:;onahle 1liHcrc11ces In 
tho selticlio11 of llw breathing rates, fractionnl uplalrn, cCCecUve 
hnlC-livu11, nnd oq{an maRsc11 for th<J various 01:e 1:rnups not 
11poc:1ficd by lhe ICllP, NCHP or FHC, 1h11 lnlcrnul lnconslslcndcs 
between Ill-A-5 n11d 111-A-0 shoultl IJe ei.:plalnetl 111 lhe final slalc
mcnl. 

4. Only two age groups arc prescntetl In Table III-A-13, a 2 year 
old an,I an adult. The11c values appear lo be the ones actually 
employed for the calculations. The 2 year old is assumed, with
out explanation, to have the same dosimelric characteristics as 
the 1 year old in Table III-A-6. This would indicate lhat the dose 
assessment Is based up::m only lwo age groups rather lhan the four 
age groups implletl IJy Tables III-A-5 and 111-A-6. These incon
slstencles should also be clarified In the final statement. 

5. Should the migration of cesium and strontium, lndicaled In 
the draft statement (U. l-C-84 ), be typical at all of llanford's 
disposal sites, a long-term estimate of the impact should be 
presented in the Clnal statement. Based on estimates using 
present EPA pathway models (7) and assuming no decay_ of the 
1972 inventories of 35,000 Cl ccslum-137 and 30,800 Ci 
stronlium-90, (page II. l-C-105, 106), a release of 1% of these 
inventories each year into the Columbia lUver could result in 
a yearly impact of 580 man-rem total body exposure . This Is 
much greater than the Hanford estimate of 2. 4 man-rem per year. 
Although tho assumptions used lead to a "worst-case" estimate 
of tho i1np?ct., !~c ::--.:.~::!!:1:!: of !!:o 1:-~·.p.:. .::. t int!! c ... ~ .... .; ~:.ut &uv·w·e
mcnt of these nuclldee through the soil columns and aquifers could 
be a significant exposure pathway. The final statement ehould 
address this p.:>sBibllily. 

VII. OTIIER COMMENTS 

1. The continuance or diBcontinuance o! the N-Reactor le an 
important factor In any consideration of alternative waste man
agement practices. It is slated on page v that the N-Reaclor Is 
scheduled for shutdown in 1977 or 1978. If this ts true, It may 
be envia·onmentally acceptable lo continue operation with only 
minimal waste management Improvements, since the time factor 
may make additional costs difficult to justify. However, if the 
N-Reaclor were to continue operating for a much l onger period, 
it may IJecome reasonable lo consider major modifications to the 
systems to reduce tho liquid and gaseous effluent from the N-Reaclor 
and associated .facilities to the lowest level practicable. Due to 
the eensilivily of the decision making process lo the operating 

( ? 
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lifetime of the N-fieactor, and the lead lime requirements for 
mnldng major syslom changes, lt is imperative that the Al!:C 
carefully review the justification for any proposed extension of the 
N-Reaclor'e op::rallni;: Jifollme. 

2 . In Its evaluation of non-ratlioaclive air quality aspocle of 
Hanford operations, tile final statement should provide the following 
adc..lltlonal Information: 

The BTU /hr heat input ratlng ol all fossil fuel 
combustion equipment. 

The BTU/hr value , and sulfur and ash content, where 
relevant, for all fuele. · 

The hourly fuel use rate for each unit. 

Stack height and Internal exit diameter for all release 
points. 

Ex.it velocity and temperature for all stack effluents. 

3 . The draft statement, on pages V-50 and V-S2 indicates that 
when the SOx emission stantlard is decreased to 1,000 ppm in 
1975 the 100-N and 300 area power plants will be emitting concen
tr-.tlons app4·vac:i!ut;, :: r.~! in exec.cc :>:, this rct!t:.ce~ =ti.:::f:;..:-c! . 
The draft statement further states that no apparent adverse environ
mental impacts have been observed and, therefore, no apparent 
Incentive exists for expenditures to reduce the current release rate1; 
We believe that the AEC should prepare a plan to reduce the SOx 
emissions from these !acllilles ln the event that these power plants 
are unable to meet the new standard, or that low sulfur content fuel 
le not available. 

4 . The final statement should include information on the perpetual 
care provisions for the land in which radioactive wastes have been 
emplaced lo date . llegardless of future programs, commitments to 
these wastes must be made in terms of monitoring and land use. 

5. The draft statement does not present a waste management plan 
for the disposal of contaminated equipment. Such a plan should be 
discussed in the final statement. 

6. Tho final statement should identify the criteria used in determining 
unusual releases of radioacllvlly. No unusual release to Gable 
Mountain swamp was listed In Table II . l-C-2, although It was elated 
on page H. l-C-99 that equipment malfunction ha,i infrequently allowed 
some radioconlaminanls to enter this and B pond. 
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7, The contlnuo,I dl~poi; a l of liu·i:c 11mo1111h; of cooling waler lo 01,<,11 

pon<lu maintains an opportunity !or accitlonlal relc11Rcs or rad io 
activity to tho aquatl,: o nviron menl. The onvironmontal levels o f 
radloaellvlly In tho plnnla , HCtlimenta, wntc rCowl , mummal 11 , de. , 
which eoul<l -rcnull fro m nccitlcntal r-eli:ascli, woulct hn rclova111 In an 
cvuluallun or lhili 1lli;po11al pt·uclic,:. · J\lll111uuh 1·11ulln,: sc,J111w11l a11,t 
biota lillmpllni: for 1072 are pre sented, lnfonnallon on envi ron111e11tal 
radioactivity Crom past aecldcntal releases , and a discussion of the 
available controls on subsequent dispersion through waterfowl, etc., 
should be Included in tho Cina) statement. 

8 . The specific d e tection sensitivity of the road monitor described on 
page 11.1-164 should be given in the final statement for the princi pa.l 
a:amma omitting isotopes. Any avallo.ble alpha and Pu-2:J9 dt:lec ti o11 
capability by road monitoring should also be discussed in the final 
atatemeol, Jncludlng the detection sensitivity. 

II , The AEC should evaluate the environmental consequences of the 
drying up of U-Pond and the exposure of the accumuh,tlon of loni:-lived 
nucUdos 011 the bottom to the scouring actions of the wind . Thi s area 
could contain as much as 5 , 000 kg of uranium nuclldos , most pre 
sumably sorbed within a few centimeters of the pond's bottom . The 
final 11tate ment should contain the details and res ults o! such an 
evaluation, along with a summary of long-te1·m alternallvt:s to 
malntnlning the pond in Its present condillon. 

10. The source term for the assumed 800,000 gallon tank leak 
accident Included 4.1, UUU.,;<.Ci of tritium per gal10n 01 waste . As
suming 300,000 gallons of waste become s trapped as Interstit ial 
water within the soil column , then 470,000 gallons , containing 
18, 000 Ct of tritlum , could rench the waler table . If this activity 
required 22 years to reach tho Columbia River, the t r it ium would 
have decayed to about 5, 700 Cl. This is two orders of magnitude 
higher than the value gi ven on page Ill. 2-13. Similar calculations 
for the other nuclldes ll_sted ugreed with the activities p resente d. 
The final s tatement should address the apparent di screpancy in the 
tritium activity. 

11. In Its discussion of the Environmental Measurement Progra m 
there Is no description of the analytical quality control procedures 
employed. Such a discussion should be provided ln the final stale -
ment. 

23 

12 . Tnlllc 11 . 3-D c1111lalm1 two colu1111111 of suil 111cnHu1·1:111cnlR 
withou t nny explanation of lhc reason for tho two 11cts of values. 
An cxpla11al1011 clarifyln u this pro11cnlallon shuuhl be lnclwled in 
the Cinal fllatcmunt. · 

l:.t . On jHll.!C 1-6, II i11 i;tulct.l that" ••. chemical 1:onla111inalion anti 
heal waste do not producn a slgnificnnt lmpac:1 on the llanfort.1 reach 
or tho (Columbia) river." The location of the river sampling pointi. 
and some operating data for chemical and thermal efflue nts should 
be given in the final s tatement, particularly for the N-Hcactor. 

14 . On page II. 1-87 , the final statement should Indicate where the 
external leak detectors are located In the SX, AX, A Y, and AZ lank 
Carrris. 

15 . Table 11. 3 - D-15 of tho draft statement Usts Xe-133 as a dis
charge product in liquids. Since there Is no significant retention of 
noble gases in a liquid medium this listing should be clal"ified In the 
final statement . The table also Indicates that seepage data is not 
available for certain nucllt.les. Tho final statement should discuss 
why this data ls not available. 

16. EPA will have tho responsibility for issuance of a discharge 
permit which will cover the N-Reactor acllvitlet. at the site. From 
the analyses presented i n the draft statement (page III. 1-61 ). it 
appoars that the gu idelines for dilution zone size may not be met 
al all limes al the N-Reaclor discharge points. The fin a l statement 
should present an analysis of the discharge plume configurations 
during periods of low rive r level, so that compliance with the above 
guidelines may be evaluated. · 
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I. IWfROIJUC'fION /\tlD SU~IMARY 

A. Major Uefects Affecting The Entire 
Statement Render The Draft Inade
quate 

1. 'l'he Draft Completely Fails To 
Confront The Central Question 
Of Long-Term Disposal 

2. Use of Inappropriate Time 
Periods To Evaluate Alterna
tives Improperly Short Cir-

. cults The Re4uircd Analysis, 
And Typifies The AEC's Refusal 
To Fulfill NEPA Reguirements 

3. Throughout The...,Draft, Analysis 
Of Available Alternatives Is 
TotAlly Inadequate 

4. The Draft's Extensive Factual 
Presentation Consistently Fails 
To Assess Cumulative Effects, 
Contains Misstatements, And 
Utilizes Potentially Unreliable 
Data 

B. Specific Omissions And Inadequacies 
Further Viol~te NEPA's Requirements 
Of Full Disclosure 

C. Recommendations: Independent Review 
Is Reguired 

II. TUE DISCUSSION OF IIIGH-LEVEL W/\STE STORAGE 
A'l' IIANFORD IS INCOMPLETE, MISLEI.OIIJG AND 
DOES NOT ADEQUATELY CONSIDEH THE CIHIULATIVE 
EIIVIRONMEN'l'/\L EFFECTS OF TIIE PHESENT PHO
GRAfl AND THE REASONflBLE ALTERNATIVE:S 

A. The Draft Statement Should !lave 
Characterized In Meaningful Terms 
The Nature And Amounts Of Tt,e High
Level Waste Materials That Must De 
Contained Now And In The Foreseeable 
Future 

) 
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21 
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28 
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1. The De finition Of Wa~tes And The 
De scription Of Existing Waste 
Inventories Are Inadeguate 

2. There Are Uo Detailed Projections 
Of l~a:: te Tlrnt May Ile Produced 1\t 
Hanford In The Future 

B. 'l'ho Draft Statement Should Have Described 
Clearly The Relationship Of .The Curr.ant 
Program To Possible Pennancnt Storage Or 
Disposal OptionH 

1. Frorn The Beginning The High-Level 
Waste Managem~nt Program Has Suf
fered From _Lack of Planning And 
Adequate Funding 

2 . No Detailed Criteria Or Starulards 
Have Been Esta~lished To Judge The 
Adequacy Of The Current High-Level 
Waste Management Program 

C. The Draft Environmental Statement Fails 
To Assr.ss Fully The Cumulative And Po
tential Pulur~ invironmcntal Effe~t~ Of 
The High-Level Waste Management Program 

1. The Potential ~xtent And Full Effect• 
Of 'l'hc Environmental Contamination From 
The In-Tank Wastes Are Not Fully 
Analyzed 

2. The Potential Seriousness Of 
Accidents Is Not Adequately 
Considered 

3. The Possibilities For Sabotage, 
Terrorist Or Military Attack, Or 
The Theft Of Special Nuclear 
Material Are Not Discussed 

D. The Draft Statement Does Not Consider 
In Detail All Reasonable Alternatives 
To The Separable Parts Of The High
Level Waste Management Program 

III. 'fllE DISCUSSION OF SOIL £JISPOS/IL AT HANFORD 
IS It-COMPLETC, MISLEADIIIG AND DOES NO'l' ADE
QUATELY CONS I£JEH TIIE CUf·IUL/ITl VE , LONG-TERM 
ENVIRONMEN'fAL El'FEC'l'S 01-' TIIE l'llESEN'l' ['ll()(iltAM 
ANl> 11.EASONAIIL'; /\L'l'CIU,ATIVES 

29 

32 

37 

37 

42 

48 

u 

55 

58 

61 
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I\. 'The l>raft Sl i\LCmcnt . Fail,; To DJ.G
CUfl!i 'J'hoi-ou<1hl1' •rhe l111ccrtaintJl's 
In Current 1:now lcdge /\bou t The lly
drolo•1ical J\ru.l Gcolo,,jc..,l Co111li
tio1111 J\t llanfot·d rnrt,Lini.ng To 1•1,c 
Fate or RadionuclJdeH Ju The Soil 

1. tt;,thcmatical HO<lcl5 

2. Field Te&tinv Progrdm 

l. Regional Hydrology 

9 

11. Tho Draft Statement Does Not Adequately 
Consider Alternat i ves To The Ongoing 
Practice Of Discharging Highly Radio
active Li quid Hastes To The Soil At 
Hanford 

IV. TUE PliESENTJ\TION OF DATA AND OTHER IIIFORHA
TION IS AT TIMES COIU-USING, INCONSISTENT, 
MISLEADING AND INACCURATE 

A. The Drnft Stat~men~ Misrepresents The 
Accuracy Of Some Data And Does Not Re
voal The Reliability Of Other Data 

B. The Discussion ui Simple f;ac1:u .. 1 ni>ltt:r .. 
Is Sometimes Confusing 

C. The Quality Of The Draft Statement Ia 
Reduced Uy Unexplained Differences In 
Data Presentation 

D. Some Purport~dly Factual Statements Are 
Hialeading 

V. CONCLUSIOHS AND RECOHHENDATIONS 

A. Independent Review ls Required 

B. EIWA Hust Immedi:1tely Construct New High
Level Waste .Tanko, End Further Purex 
R~processing and Stop Dulil>erate Releaaes 
Of Significantly Radioactive Liquids To 
Tho Soil 
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IN'l'nODUCTIClN J\ND SUHHJ\RY 

The Natural Resources Defense Council, Inc. (NRDC) 

submits these comment5 on behalf of itself, the Oregon Environ

~ental Council, Friends of the Earth and the Sierra Club on the 

Atomic Energy Commission's draft programmatic environmental impact 

statement (EIS), Waste Han~gement Operations, Hanford Reservation, 

Richland 1 Washington (WASH-1538). 

T!"::rn,;h wr!.':t"-'" under the compulsion of a court order!/ 

the draft environmentai statement on the AEC's waste management 

program at its Hanford Reservation offered the AEC a unique 

opportunity to substantiate its frequently voiced assurances 

that the large quantities of radioactive wastes at Hanford are 

managed responsibily and safely without unduly risking serious 

public health and environmental problems. In addition in pre

draft comments to the A.EC we pointed out that 

1/ The Natural Resources Defense Council , Inc . (NRDC), Oregon 
Environmental Council (OEC), Fri ends of the Earth (FOE), Committee 
for Nuclear Responsibility (CNR) and A. Donald Ray are co-plain
tiff~ in a lawsuit (Civil Action No . 3924) filed on August 1, 1973, 
in the United States Dis trict Court for the Eastern District of 
Washington, which sought a court order requiring the AEC (1) to 
file an environmental impact statement on its radioactive waste 
managemen t practices at Hanford and (2) to cease imml'!diately 
releasing significantly radioactive liquids to the environment. 
1'he Plainti ffs and the AEC subsequently entered into a court
appi-oved stipulation which required the pi-epai-ation and i5suance 
of the draft environmental statemeut. It is pui-suant to the 
court order ba sed on that stipulation that the prese nt draft 
cnvii-onmental statement (liASll-1538) was pi-epared and issued. 

(Continued on following pag~ ) 
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EXHIBIT 25 (Continued) 

..!_/ (Continued from previous page.) NROC is a national organiza
tion dedicated to the protection of a healthy and safe environ
ment. NRDC has about 10,000 members and contributors in the 
United States. Among the methods NRDC uses to achieve its objec
tives are: (1) monitoring the activities of governmental agencies 
to make sure that environmental values are fully considered in 
decision-making, (2) improving federal agency decision-making which 
affects the environment by commenting, furnishing information, 
participating in administrative proceedings, and bringing lawsuits 
where legal duties are not bclng fulfilled; (3) providing informa
tiop and assistance -- both legal ~nd technical -- to individuals 
and organizations interested in making governmental agencies more 
responsive to environmental values. 

The OEC represents 75 conservation, planning and sportsman 
organizations throughout Oregon and also has an additional 2 , 000 
individual dues-paying membei~. For some time, OEC, in its efforts 

, to protect the Oregon env~ro~ent, has been involved with issues 
concerning the proper management of nuclear wastes. The Council 
has worked in conjunction with the Oregon Deparbncnt of Environ
mental Quality and the Oregon Nuclear and Thermal Energy Council 
regarding problems in the transportation and storage of nuclear 
wastes in Oregon. It has actively participated in two years of 
hearings bn the Trojan Nuclear Power Vlant which is located ad
jacent to the Columbia River, near Portland, Oregon. 

FOE is devoted to the enhancement and preservation of environ
mental values throughout the world. One of the primnry functions 
of FOE is to provide the public with understandable scientific 
information on matters of public concern. To preserve the environ
ment and inform the public, FOE carries out research, publishea re
ports, ind engages in litigation. Since its founding in 1969, FOE 
has been concerned about the threat to the public health and safety 
posed by the disposal and storage of radioactive wastes on the Han
ford Reservation. 

CNR hali conducted a long-standing program of informing the pub
lic of the potentials and hazards of nuclear power. It has preparccl 
and distributed nwnerous educational pamphlets within the United 
States and around the world1 has suppliecl educational materialli for 
the Congressional Record at the request of congressmen; han testi
fied at several congressional hearinqs1 and has participated in 
environmental litigation. Several members of CNR have been awarded 
the Nobel Prize in various scientific field~. In addition, a num
ber of CNR scientists have been elected to the U.S National Acadowy 
of r.ciences. 

j _ __/ NI::PA, 42 U.S.C. 55 _4321-4347 · (1970) . 

-2-

••• the programs at Hanford, NRTS, and 
SRP are the only models by which to judge 
the AEC's ability to handle safely over 
hundreds of years the vast quantities at 
radioactive wastes that will be generated 
in licensed nuclear power plants. Unless 
the public can be fully assured that the 
relatively smaller amount• of wastes gener
ated by nuclear weapons production can be 
safely managed in perpetuity, there will 
be no basis for public confidence in tho 
AEC's proposed programs for the contain
aent of radioactive wastes produced in 
the private sector.• 

Moreover, by honestly discussing the difficult problems 

involved and by opening to public scrutiny operations whic~ had 

been h~lu tiyhtly ~~CLct for 30 years, the C==!ss!on could have 

sought to gain needed public confidence in its own competence 

and reliability. Regrettably, aft~r carefully examining tho 

document which the AEC has produced, we believe the Convnission 

ha• failed to achieve these objectives. 

-3-

A. Major Defects Affecting The Entire State

ment Render Tho Draft Inadequate 

The draft statement reveals that the AEC -- despite 30 

years of operating experience at Hanford -- has yet to formulate 

a coherent plan for safely isolating the Hanford radioactive 

wastes from the biosphere. Furthermore, the draft demonstrates 

that the Commission has not yet undertaken the inquiry mandated 

by the National Environmental Policy Act of 1969!_/ to evaluate 

alternative courses ot action and to assess the relative environ-

~ental impact of all reasonable alternatives. 
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Any pr09r&Jll fo~ aunaging radioactive waatea must 

acknowledge and confront their two central characteri1tics1 

(1) the va• te• are extr ... ly toxic to Man and (2) they will re

aain dangerous for period• ranging from hundred• ·of years to 

hundred• of thou• and• of year• • A• it auat, . the AEC ha& acknowl-

edged thia fact, in theory at loaat, by ll(Jreeing that •tho 

current inventory of radioactivo wa • tca would bo enough to kill 

several billion people if thoy could be distributed and 

administered to those people.•LI The C0111111isaion has aou~ht 

to minimize the danger, however, by arguing that •isolation • 

ia the vary purpose of the .AEC' • waste management program,• and 

•tt ia only to the extent that • .• containment is lost that 
. 4 / 

the degree of toxicity of the aaterials beco~e• important.•...:....,, 

We agree that th• fundaaental issue of radioactive waste 

management i • the unavoid1,ble . noco1u1i ty, once auch was tea are 
I 

produced, of containin~ them over extraordinarily long period• 

of time. Yet the draft atat-ent autnitted on the Hanford 

waate management program rarely, if ever, con• idera .and evaluate& 

the progr&J11 ;'.ro;,. ::h~t porap_octiv,,.. The bulk of the 1tatement 

consists of a general description -- often inaccurate and mis

leading -- of the Uanford environment and the AEC'11 experience 

1./ >.EC, Draft Environmental Statement, Hanaqement of Commercial 
Iii h-Level And Transuranium-Contamined Radioactive Waste, ~IASll-lS39, 
p . September 4 • ClllP as1111 1n orig nal 

..!/ M· 

over the past 30 years at Hanford which has brought the aituation 

to its critical sitUAtion today. While the information provided 

ia welcome in raising a JO-year curtain of secrecy, and in 

affording some basis to asaeaa the acceptability of various 

waste management practices, the primary purpose of an environ

•ontal impact statement is to present in detail decisions which 

•uat be ~•de and to asaess alternative solutions to the problems 

-s-
in terms of the potential effects on the quality of the hum,111 

environment. It is.here that the Hanford statement fails most 

profoundly. 

Analytically the Commission must consider four distinct 

though interrelated problems. First, it must consider and 

evaluate, in light of its goal of confinement of radioactive 

wastes, its practices which presently release such wastes to 

the environment. Second, it -must consider whether remedial 

action must be taken to remedy dangers caused by long-lived 

wastes already released to the soil at Hanford, both 

intentionally and accidentally. Third, it must consider ull 

alternatives tor the J.ntenm storage of wastl!s for which a long

term disposal plan does not yet existr these interim plans 

must be evaluated primarily froa the sta~dpoint of their 

compatibility with acceptable permar.ent disposal plans. Fourth, 

and most importantly, the statement must present the alternatives 

being considered for ultimate disposal . Yet the draft statement 

virtually does not discuss questions of long-term disposal or 
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remedial action. ltd consideration of effluent reduction pro

grams and interim storage plans, though at least presented, falls 

far short of what is required. 

-6-

1. 'l'he Draft Completely Fails To Confr<>nt The 

Central Question Of Long-Term Disposal 

The primary concern of an effective radioactive waste 

management program must be to ensure that certain high-level 

and transuranic radioactive wastes remain isolated from the 

biosphere for hundreds, or in some cases, hundreds of thousands 

of years. This is the centra~ issue concerning the management 

>< of radioactive wastes at Hanford. Yet the draft statement never 
I 

~ confronts this question seriously or systematically. It docs 

not set out the criteria and objectives for a final disposal 

plan. It pr•s•nta no &~alyals or Lhe reason-~le ~lt~rnativc means 

of storing or disposing of the lon9-livcd radioactive wastes until 

they decay to innocuous levels. And it i;>rest:11ts no dechion-maki11<J 

plan to provide assurance that an ultimate disposal means for thc9c 

wastes will be found in time to protect the public health and 

safety and ensure an environment reasonably free of radioactive 

contamination. 

To the contrary, the Hanford draft environmental state

ment reveals that the AEC has!!£ plan for permanent containment 

of the Hanford wastes. In the past, temporary budgetary expedienco 

has ciearly been the primary basis for decision-making with little 

or no consideration given to the paramount issue of long-term 

disposal. In 1971 the Government Accounting Off ice formally 

criticized the Al::C for giving •priority to ••• weapon,;, produc

tion, and reactor development activities • • • and to the safe 

containment of radioactive wastes on an interim basis• while 

•(n) lesser dcgrne of management cMphasis a,~ priority have 

been 9ivon to the activities dcalin9 wi.th the long-term man,11Jn

ment of nuch waste. • .2../ 

ii General Accounting Office, Progress And Problem• In Program• 
For Managing lliqh-Level Radioactive Wastes, B-16~0S2, p . '8 
(January 29 , 19'1 . ) (Hereinafter "Progress" . ) 
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It is preciaoly this type of deci&ion-making wh i ch HEPA 

now forbid&. And it i• precisely thi• type of decis i on-making 

which, for example, created t .he i11defenliib~e dilemma in which 

the AEC finds itself today in managing the Hanford high-level 

wastes currently in deteriorating, near-surface storage tanks. 

To reduce the cost ot ~torage, the AEC initially chose to use 

carbon ateel -tan~and to treat the wastes in ways which now 

mako their ultimate diapoaal more difficult. Budget considera

tions dictated that no new tank• be built even t hough the Com

mission knew that it• old tanks had r~ached the end of their 

useful livoa. By 1967 (and in tact much earlier), the AEC was 

told by it• contractor• that 1114ny storage tanks were in desperate 

condition a 

•The integrity ot the tanks containing the 
aolt-boiling waatea has been significantly 
1-paired . Tho tank liners are known to be 
aubject to stress corrosion cracking . The 
re-inforced concrete in tank• at high t empera
ture is under .severe stress ; the concrete in 
all of these tanks is almost certainly 
cracked, ~nd sorue of the reinforcing 
steel ia probably stressed to the yie ld 
point. •rive of the SX and one of t he A 
Pana tank• have leaked . Four of these 
tanks are atill in use •• ··•!/ 

_!/ P . W. Smith and R.E . Tomlinson, 11,rnford lliqh Leve l 1-Ja sto 
~nagement Hee valua tion Study, IS0-981- 0ITI., p. <1 1. (lle1·e ina fter 

llanford IILW Ruevalu~tion Study . I 

-e-

Indeed, the 1967 report warned1 

Of major conce~n is the potential for 
failur e of the underground tanks now 
in s erv i ce • • .• While no sound 
bas is has been found for predicting . 
future f a ilures, it seems prudent 
• •• to conduct operations as . though 
the failure .of any given tank is 
immine nt . u_]_/ 

Rather than build new tanks, however, the AEC chose to 

process the wastes by removing the radiocesium and radiostrontium 

whenever possible and solidifying the remaining liquid waste 

into a "moist sal t cake" in the old tanks. Not surprisingly, in 

the years whilA thA Rolidification program has been underway, 

hundreds of thousands of gallons of the high-level wastes have 

leaked from the tanks to the soil . 'l'oday, as more and more of 

th i s waste is solidified in the old tanks which continue to 

deteriorate, great doubt exists whether -- within a very short time -

the AEC will be able to retrieve the wastes from the tanks. Yet 

virtually no one believes that leaving the highly leachable salt 

cake in the near-surface tanks represents the safest permanent 

disposal method. Indeed, such a solution for permanent di ~r ~~-: 

would violate virtually every standard the AEC itself hafi set for 

d i sposal of high-level wastes from the commercial sector. Yet 

AEC officials themselves have acknowledged that its near-term 

solidification program is \.1orking at cross-purposes with the 

J_/ Id . a t 14 . 



X 
I 

m 
N 

9 ' ) 0 1 4 

-9- EXHIBIT 25 (Continued) -10-
need to pr•vjdc for a safe, long-term disposal: 

"lie (F.P. Baranowski, Director, Division 
of Production and MiltcrialH Management) 
is . .. carrying out this progrilm ol' 
forming Sll 1 ts in the tankR so a 11 the 
material that is in there is in ·a salt 
form with no liquid at all to leak out. 
~very time he makes it more difficult 
to leak out he makes my long-range 
problem more difficult, but this is 
necessary."!!_/ 

Inexplicably and inexcusably the draft statement never 

evaluates -- in t~rms of the implications for ultimate disposal 

the dilemma of whether to· proceed with the solidification program 

or to build new tanks. The draft never analyzes the extent to 

which the wastes are presently retrievable and the period of 

time during which they will remain retrievable. Thus, the AEC 

continues it£ refusal to confront publicly tne fundamencal issue 

of long-term disposal a delay which is gradually foreclosing 

options and creating potentially serious hazards, as this one 

example ·graphically illustrates. 

Moreover, th~ AEC does not discuss in the impact statement 

A range of other major long-term problems, including, for example, 

the ultimate disposal of (1) the large amounts of radiostrontium 

fluoride and radiocesium chloride accumulating in B Plant storage 

facilities1 and (2) the hundreds of kilograms of plutonium in 

the soil in the Z-trenches and in the shallow trenches for solid 

wastes. 

By not squarely facing in the draft statement the question 

!/ Frank K. Pittman, Director of the AEC's Waste Management 
and Transportation Division, Hearings before a Subcommittee of 
the Committee on Appropriations, !louse of Representatives, 9)rd 
Congress, 1st Session, l'arr. •• iltu111ic .Energy Commission, p. 176 
(April 5, 197)). 

of how to contain these highly toxic materials over the necessary 

centuries or millenia of their toxic lives the AEC has ignored 

the criterion which should in fact be the primary basis for the 

decisions . 

This crucial and pervasive failure of the draft -- since 

it lies at the heart of any radioactive waste management program 

by itself requires a new draft EIS, not merely to satisfy 

NEPA's legal requirement, but because the time for stalling and 

pretense is now most emphatically past. It is long overdue for 

the AEC to devise- a plan to isolate these wastes safely. To 

date it has evaded that responsibility. NEPA ha& now provided 

the legal tool to forS:c,e. the Commission to act1 it must publicly 

present the alternatiyes under consideration, publicly present 

a_nd justify its · research program and priorities, and publicly 

state and commit itself _ to a decision-making timetable which it 

can demonstrate will safeguard the public interest. 

I£ the AEC, or its successor ERDA, does not rewrite this 

draft statement to live up to these responsibilities, NRDC firmly 

believes the federal courts stand ready to enforce this obligation . 

2. Use Of Inappropriate Time Periods To Evaluate 

Alternatives Improperly Short Circuits The 

Required Analysis, And Typifies The AEC's 

Refusal To Fulfill NEPA Requirements 

Even when it analyzes shorter-term issues, the draft 

statement consistently fails to evaluate problems in an appropriate 

timo frame. For example, the AEC declares in the draft that 

it will not even today cease its long-criticized practice of 
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discharging aignificantly radioactive liquids directly to the 

soil. But it artificially short-circuits nnalysis of construction 

proposals to reduce theie radioactive releases from the N Reactor 

and the Purex Plant by asserting that these facilities will 

cease- operations before the· new pollution control facilities 

could be completed. Yet the scheduled shut-down date~ for both 

facilities have been repeatedly extended on an ad~ basis in 

the past, and the Commission has publicly acknowledged it is 

considering operating ~oth for a longer period of time. The 

draft's refusal to analyze the obvious ponsible alternative 

tna~ ~nese iacii1ties ~•Y operate beyond 1977 and to analyze 

the effluent reduction alternatives in the event they do fails 

to comply with NEPA'a mandate to consider all reasonable alter

natives. It also represents an affront both to common sense and 

to any effort at rational planning. 

Thia short-sightedness and decision by unexplained fiat 

typifies the draft statement and reflects the AEC's apparent 

unwillingness to treat the NEPA process seriously and to treat · 

the .draft statement as a decision-milking document. 'l'hc Ii.EC knows 

what such a document would look like. Tho Hanford HLW necviiluution 

Study provided the type of analysis necessary to choose among 

various alternative methods for treating the high-level wastes. 

Examination of docwnents produced by the ACC and by its contractors 

emphaaizea that tho AEC does not lack the ability or the know-how 

to write c uch a docU111ent1 its failure to do so suggests rather 

the AEC's unwillingness to face up to potentially expensive 

-12-

decisions under the accountability of public scrutiny.!/ 

3, Throughout The Draft, Analysis of Available 

Alternatives Is Totally Inadequate 

---i"hroughout the draft statement, the AEC consistently fails 

to provide an appropriate analysis of the reasonable alternatives 

open to the Co1M1ission. The discussion of alternatives should be 

presented coherently and consistentiy, with a detailed comparison 

of tho costs and benefits of each alternativ• together with a 

complete assessment o! the environmental impact of each. Yet, 

no attention is ever paid in the draft, for example, to 

analyzing whether the selection of one alternative at one 

~olut .:..--. the de:::!~!:::-::::i.king process will 11ffect subsequent 

options. The draft never analyzes how the alternatives posed 

. for handling the AEC's radioactive wastes at Hanford compare 

with the mt'.thods and standards being -developed for handling 

radioactive wastes generated by commercial nuclear power 

stations. It consis•tently appears that the AEC applies considera

bly less rigorous standards to its own waste disposal problems 

_.2,_/Nowhere is this reluctance more apparent than in the Commission's 
continued foot - dragging in even writing environmental impact state
ments in the first place . A federal lawsuit was required to rro
duce the present programmatic statement. Although the present dra!t 
statement claims EIS's on individual projects will be prepared as 
required hy Nt:PA (pp. viii, I-11, VII-2), the Commi ssion provides 
no indication as to what activities will require an EIS. Interesting
ly , the draft identifies several major projects thilt apparently have 
no t been assessed in individual EIS's, e.g., (a) Waste Encapsulation 
and Storage Facility (p. II.l-65), (bl Effluent: Control - B l'lant 
(p . V-25) and (c) retrievable burial system for transuranic waste 
(p . V-4~) J wh ile it fails to mention the two EIS's which the 
CommJssion has prepared on Hanford projects: a new high-l e vel waste 
evaporator (WASll -152 1) and the proposal to dig up the Z-9 trench 
(WASll-152 0). . 
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than it does to the commercial sectori no explanation or 

justification for the difference in treatment appears in the 

draft. 

Moreover, the draft never places the decisions to be 

made in a coherent structure. Most options involved require 

substantial lead time for research, construction and implementa 

tion. Decisions will have to be coordinated, and the consistent 

failure of the draft to present clearly what the decisions are 

that have to be made, when they have to be made, what criteria 

and objectives the choice should be based upon, and the extent 

to show that the Commission's practices have not yet and will 

not ever lead to the escape of significant quantities of radio

active materials from the Reservation . 

In our judgment, the Commission has not only failed to 

make its case, but it has also stretched, manipulated, at times 

misstated and too frequently ignored the available evidence in 

its attempt to put a good face on a questionable record. The 

draft statement fails to assess fully and fairly the cumulative 

adverse effects of past waste management activities and never 

discloses the substantial uncertainties regarding the margin 

to which each alternative satisfies these criteria and objectives of safety in continuing current waste management operations at 

further marks this draft statement as little more than an effort 

to satisfy the form of NEPA's reauirements without engaging in 

the solid substantive analysis which .the Act mandates. 

4. 'l'he Draft's Extensive Factual Presentation 

Consistently Fails To Assess Cumulative Effects, 

Contains Misstatements, and Utilizes Potentially 

Unreliable Data 

In short, it is our view that the draft statement con

firms beyond question that during the past 30 years at Hanford 

the AEC has been largely guided by a desire not to spend money 

and an obstinate refusal to heed responsible criticism. Indeed, 

the draft statement strongly suggests that this perspective 

continues unabated today. By implication, however, the draft 

statement does defend as safe the AEC's waste management practices 

at llanford. This defense lies in the mass of detail purporting 

Hanford. Through the mis~epresentation of misleading, contro

versial and inaccurate allegations 101 as facts, the AEC tries to give 

10/ For example, first at p. I-6, the statement declares , 
TfJo deleterious effects to the numbers of or species of terrestrial 
or aquatic · life have been observed during 30 years of Hanford 
operation~." The i~plication that no harm has ever rome to any 
living organism as a result of activities at llanford is absurd 
on its face and is flatly incorrect, even being contradicted 
elsewhere in the impact statement (e.g., p. III.1-61.1 See 
also the Comments on the llanford EIS by the Department of 
Interior. Second, nt page II . 1-78, the draft statement declares, 
"Extensive piping interties exist within and between tank farms 
so it is possible to transfer liquid to or from any tank in the 
system . " Again, this appears to be a plain misstatement. In 
his comments, an employee of the contractor which operates the 
tank farms writes, •we just don't have this capability . • More
over, when the massive 115,000 gallon leak was discovered in 
Tank 106-T, the contractor had to lay emergency piping on top 
of the ground to pump the tank out, 
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the irnpres~ion that it has adequately protected the public 

interest in the past and that it will continue to minimize 

risks to the public health and safety and keep the release 

of radioactive materials to the environment at an acceptable 

level in the futuro . 

However, the draft statement's· factual presentation 

never indicates the extent to which there are the usual 

measurement uncertainties about the accuracy of data and the 

extent to which contrary or conflicting data or opinion 

exists. On the basis of our examination of the draft statement 

AJld the additional information to which we have had access , 

we believe that the AEC ha& not and cannot demonstrate on 

the ·basis o! cA~~~ing evidence that the radionuclides in 

the Hanford soil will not migrate to the Columbia within 

their toxic lives. Indeed its unqualified effort to do so in 

the draft statement , without admitting the real uncertainties 

which exist, highlights its apparent willingness to distort 

and stretch data far beyond the limits of accuracy in order to 

justify its viewpoint. 

Even more disquieting, however, are the continuing 

indications that at least some of the basic data which the 

COITllliasion has dt:veloped are unreliable and that old conclusions 

are repeated even in the face of recent contradicting ev i dence. 

For example, an assessment of the threat posed by the massive 

amount& of radioactive material currently stored i n the Hanford 

-16-

soil obviously depends fundamentally on a determination of 

whether that contamination will ever reach the groundwater. 

In a series of reports to the AEC, the existence of which are 

rnentioned only in passing deep in an appendix to the draft 

statement, Dr. Raul Deju, an independent university scientist, 

has sharply criticized the accuracy and reliability of the AEC's 

information on the hydrology and gee-hydrology of the Hanford 

Reservation and the AEC's groundwater testing programs. 

In commenting ·on the quality of the tests run in the 

unconfined aquifer at Hanford, Dr. Dej·u wrote that •no planninq 

and little care was employed by Battelle in running or super

vising . •. teats• and tbpt •Battelle's interpretation of the 

pumping tP.P.t:fl i" e•,eo poorer being based on techniques that are 

!!.2.t applicable to the data collected.'J.l/ Similarly, Dr. Deju 

specifically observed that the pump testing techniques utilized 

by AEC contractor personnel at Hanford were done without benefit 

of necessary observation wells, that •most of the tests that were 

~un are too short for any reasonably accurate interpretations,• 

and that •given the poor quality of the tests, a comprehensive 

evaluation technique was not possible.• 121 

ll/ R. Deju, Draft Report •The Hanford Field Test Program,• p. 
14 (Hay 1974). (emphasis in original.) 

12/ Id. 
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In general, we find that this draft statement represents 

mainly a not terribly successful attempt to justify past and 

current policies and activities instead of the fair, dctail~d 

analysis required by NEPA. In enacting NEPA, Conyress intemlcd 

to improve agency decision-making by requiring full disclosur~ 

of the environmental effects of all reasonable alternatives 

available to an agency to facilitate choices appropriate to the 

new national policy to preserve a clean environment for future 

generationo. This draft statement frustrates NEPA's purpose 

by obfuscating the issues instead of hiqhliqhtinq, as it 

should, the crucial decisions that have to be made if the 

vast quantities ot radioac-tive wastes on the Hanford Reservation 

sents a public relations document which never ·provides either 

the information or the analysis that would be useful for 

decision-making purposes. 

B. Specific Omissions And Inadequacies Further 

Violate NEPA's Requirements Of Full Disclosure 

Specifically, the following major deficiencies exist in 

the draf~ statement; 

1. The discussion of possible ways to store permanently 

or dispose ultimately the long-lived hazardous radioactive wastes 

is so abbreviated and uninformative as to be virtually useless 

for decision-making purposes. No effort is made to formulate 

safety criteria, objectives, or a timetable for making decisions, 

and the Comrniss_ion' s current research priorities are neither 

explained nor justified, Furthermore, there is no systematic 

attempt to correlate the current practice of removing the high

heat generating isotopes, strontium-90 and cesium-137, and 

partially dehydrating the bulk salt wastes, to a satisfactory 

long-tenn storage means. As a result lt is simply not possible 

to determine whether or not current policy is compatible with an 

acceptable long-term containment solution. 

2. The draft contains virtually no cost/benefit or cost/ 

risk analyses pertaining to the permanent storage or disposal 

of high-level and transuranic radioactive wastes and to the 

cont~nued discharge of significantly contaminated liquid wastes 

to disposal facilities which rely upon soil columns to retain 

the radioactivity. 

3. There are no plans presented for the decoDV11issioning 

of buildings and facilities significantly contamined with long

lived radionuclides, such as the nine plutoniU111-production 

reactors along the Columbia River and the Purex Plant. 

4 . •1easures to mitigate the possible adverse effects of 

past practices of storing radioactive materials in the soil 

are not analyzed. Such measures, which are described in docu

ments in the possession of the AEC, include, inter alia, removal 

of solid transuranic wastes from shallow earthen burial trenches 

and removal of plutonium fr0111 earthen, open-bottom cribs . 

5 . The discussion of land use restrictions that need 

to be imposed at the Reservation and surrounding areas is wholly 
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inadequate. For instance , the draft fails to 4eterminc or analyze 

whether or not (a ) the proposed Ben Franklin Dam can be constructed 

without intorfering with radionuclides &orbed to the soil, (bl 

extensive irrigatio~ can be permitted on lands around the 

Reservation, (c) a nuclear park , with up to JO large nuclear 

power plants and supporting facilities could be established 

at Hanford without jeopardizing the safety of current waste 

••nagement techni~ues , or (d) a so-called retrievable surface 

storage facility for the interim containment of commercially

generated radioactive wastes could be constructed without having 

to change existing waste ~anagcment policies and facil ities. 

6. ~o consideration is qive~ to the possibility -- indeed 

the probability - - that the N Reactor may operate beyond 1977 

~ 'either in considering proposals to reduc~ raa1oaccive 

releases fr0111 the N Reactor or in estimating the total 

waateB which will have to bf! managed at Hanford. Nor is there 

any evaluation of the consequences for waBte management of 

reprocesliing c01M1ercial spent fuels in the Purex Plant, even 

though that li~ggestion has been raised in recent Congressional 

hearings in response to the acute shortage of commercial spent 

fuel storage and reprocessing capacity. 

7. Although AEC regulations require that releases of 

radioactivity to the environment from any AEC installation be 

'Ila low as practicable• , the draft statement provides no de-

tailed criteria for applying thi s standard to the important 

effluent reduction proj ec ts wh i ch the AEC admits a rc technologicall y 

possi bl e a t Hanford . 

8. The cumulative and projected radiation exposures to 

Hanford workers are not considered at all. These exposures 

may account for most of the immediate radiological effects to 

humans resulting from operations at Hanford. 

9. Inaccurate and unreliable data is presented or used 

in discussions concerning the extent of radioactive contamination 

of the Hanford environment and the geohydrological- conditions 

o f the Hanford Reservation . For instance, • recent findings and 

uncertainties abou t the mobility of plutonium in Hanford soils 

are not discussed. 

10. Inadequate techniques are. used which probabiy serious

ly underestimate the adverse radiological- effects of radioactive 

releases. In particular, there is virtually no consideration 

of the Nenvironmental dose commitment• resulting from routine 

or accidental emissions of radioactivity. 

11. Controver~ial, false or misleading allegations are 

scattered throughout the statement. Two examples are repre

sentative, (a) the conclusion in the draft EIS that precipita-

tion at HanCor.1 does not percolate to the water table is not conclu

sively supported by recent documents in the AEC's possession; (bl the 

AEC has been informed previously by other governmental officlals 

that its conclusion.in the draft EIS that the thermal effluents 

from Hanford reactors have a benign effect on juvenile salmon 

in the Columbia River iii illogical and unsupportable by 

scient i fic stud i es . 
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12. · Prof cssionally qualified, er i tical opinions about 

many aspect:; of llanford operations are improperly omitted entirely. 

Specifically, no meaningful reference is made to the May 1966 

National Ac<.1demy of Sc;iences report, two General Accounting 

Office analyses and the evaluations of Dr. Raul A. Deju, a 

consultant lo the Atlantic -Richfield Hanford Company. 

13. Conceivable major accidental releases of radioactive 

materials to the environment are improperly ignored either en

tirely or by categorizing them as "incredible" without further 

explanation. For example, there is no analysis of the prompt 

(accidental) release of radioactivity from the N Reactor. 

14. The potential consequences of terror 1st or military 

at~~r.k~ nn the waste management facilities are not adequately 

evaluated. Instead, it is asswned without analysis that sabo

tage or attack would not result in any more severe effects than 

the small accidents which are considered. 

C. RecollVllendations: Independent Review Is Required 

In spite of the fact that this draft statement was a 

year in preparation at substantial cost to the public 131 it is 

virtually useless for its intended purposes. In our opinion, 

the AEC or its succesor, the Energy Research and Development 

Administration (ERDA), does not have the will and/or the capability 

to start anew and prepare an adequate draft environmental impact 

statement. Bluntly, it seems unlikely to us that the individuals 

!:]_/ It was estimated that $1 million and 15-20 man-years of effort 
would be needed to prepare the environmental statement. (p. C-19~) • 

and organizations who have been responsible for operating the 

waste management programs at Hanford can fruitfully be 

asked to investigate and evaluate their own work. 

But the problems at Hanford are serious and need to be 

analyzed quickly and thoroughly . rherefore, we urge that ERDA 

fund - an independent interagency task force with a strong mandate 

to review comprehensively and assess in detail the adequacy of 

t~e entire radioactive waste management program at Hanford. This 

task force should include representatives from the States of 

Oregon and Washington, the general pubiic and knowledgeable 

university scientists, as well as the relevant federal agencies, 

including the Department of'the Interior (especially the United 

States Genlnglrml <;urvey), the Unf.ted StatP.s F:nvironmental 

Protection Agency, the Department of Defense, the Department 

of Health, Education and Welfare and the National Marine Fisheries 

Service within the Department of Commerce. Such a task force 

should conduct a one year intensive study of the Hanford waste 

management program and report publicly to the Administrator 

of ERDA its findings and recollVllendations. This ~eport would 

then provide the basis for ERDA to prepare an adequate EIS, 

and would assist the National Re9ulator1: Council (NRC) in its 

deliberations on the licensability of any facilities at Hanford 

which are intended for the long-term storage of high-level radio

active wastes. ·such a report would also make a valuable con

tribution to the developing national debate over the appropriate 

method of disposing of radioactive wastes . 
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We hopo t:ROA chooses to break fro111 tho AEC's insular and 

defousive past and seek , · As we have suggested, ob jective, outside 

consultation both to assure the selection of the best course of 

action as well as to gain for itself aorae much needed public 

credibility. But regardless of ERDA's choice, the agency has 

a heavy responsibility to meet under the Atomic Energy Act to 

protect the public health And safety and under NEPA to minimize 

environmental degradation . Moreover, under the Energy Reorganiza

tion Act of 1974, ERDA . no longer has a free hand to proceed as 

it alone chooses in formulating a waste management program. All 

long-terlll storage facilities at Hanford must be the subject 

ot • licensing hearing by the Nuclear Regulatory Commission to 

determine their safety. The necessary predicate to ERDA's 

fulfillment of its responsibility under all of these statutes is 

the preparation of a new draft environmental impact statement 

which meaningfully addresses the issues. 

In the following sections we discuss some of the more 

speciiic and technicc.l omissions and analytic failures which 

render the statement inadequate as a programmatic impact state

ment by the standards which have been established under N~~A . 

-24-
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TIIE DISCUSSION or IIJGII-LEVEL WASTE 
STOIU\GE J\1' HANFORD IS INCO:-IPLETE, 
HISLE/\Dlt-:G J\tlD DOES NOT ADEQUATELY 

CONS I PER TIii:: CUMULATIVE ENVIROll~IEM1'/\L 
Eft' ECTS Of' 1'11E PRt::SEUT PROGMM AND TIIE 

REASONABLE J\LTERNATIVES 

Host of the radioactivity in wastes at Hanford is located 

in the more than 150 underground tanks (p. II.1-127) and in the 

above-surface water-cooled basins within tll,#! B Plant and its 

adjacent Waste Encapsulation and Storage Facility (p. II.l-65). 

Therefore, the focus of the draft statement should have been to 

describe for these wastes the alternative ways of providing 

• the greatest assurance practicable of isolation from 

man'& envico11111cr11:, with littlu i:aliar,ce vi, t,....-.. aa .. u..-·.-...!il!~;. ;:; ::. 

and intervention, for the period of time the radioactivity in 

H/ the waste will be biologically hazardous.•-

The alternatives to be considered in the draft statement 

for the long-term storage or disposal of the high-level wastes 

must be consistent with the following overall objective of · tne 

AEC'& policy for the management of it~ own radioactive wastes: 

•The basic and fundamental objective of 
this Plan is t o handle these wastes at 
all times i n a manner: (11 that will 
not endanger the health and safety of 

jj/ AEC , Plan r o r The Manaqemcn t Of AEC-Gencra t ed Rad i o act i ve 
~• WASH-i202 (73) , p . 4 (Jul y 197 3). (llereinaftcr , J\ EC Plan) 
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its employees or the public, (2) that 
will not have an adverse impact on man's 
environment or on the ecology; and (l) 
that will bu accepted by the public .•~ 

The draft statement dqes not set forth such a plan. Rather 

the statement is restricted to a . general discussion of the 

interim storage of these high-level wastes for the next few 

years. Thus, the draft statement is deficient at the most 

basic level, both in terms of complying with the Commission's 

overriding general waste management policy and in meeting .the 

requirements of NEPA for detailed evaluation of the long-term 

potential cumulative environmental effects of a proposed 

program and its reasonable alternatives. 

The draft statement"describes the current program at 

Hanford as follows: 

•The solidification of the liquid waste 
along with the use of high integrity tanks 
to contain the liquids.in interim periods 
is considered to be the current program 
for the high-level waste. The objective 
of this program is to continue to maximize 
the isolation of the high-level waste from 
man's environment. 

The current waste management program also 
includes research and development to deter
mine the best ultimate disposal method for 
the salt cake by focusing on alternative 
solid forms and storage methods which would 
have minimum dispersability characteristics 
over very long periods of time . " (pp . v-vi)l6/ 

lS/ Id. at 6. 

l§_/ Unless otherwise indicated, page numbers refer to pages in 
WASll-1538. 

This program clearly does not meet the stated goals and 

objectives as articulated in the AEC Plan, and,furthermore, 

is internally inconsistent . First, simply storing liquid and 

moist salt cake/sludge wastes in near-surface tanks that have 

essentially reached the end of their useful life times does 

not satisfy the objective of assuring the greatest practical 

isolation of tho in-tank wastes throughout their· hazardous 

periods without significantly relying on human surveillance 

and ·intervention. Simply put, the tanks themselves cannot 

be relied upon to contain the wastes any longer. There- 

fore, virtually complete reliance will have to be placed upon 

the geohydrological properties of the Hanford Reservation171 

and the maintenance or a permanent work fc,rc .. :..v ;.ion!::c= !:~C? 

possible movement of the wastes and, when necessary and if 

possible, to take corrective measures to minimize human exposure 

due to dispersal. This aspect of the program, then, is not con-

· •is tent with the overriding criterion for •little reliance• 

on continued human action to maintain the wastes safely, and 

17/ Despite the necessary reliance of any in-tank storage program 
on the geohydrological properties of the H~nford Reservation, AEC 
personnel publicly deny such reliance: 

•There is no deliberate use of favorable 
characteristics of any environment in 

"planning high-level waste management 
programs by the AEC. Positive contain
ment of . the wastes continues to be the 
design objective for all facilities which 
handle high-level wastes.• 
W. Lennemann,Chief, Chemical Processing 
Branch, Di vision of F°roduction and Materials 
Management, US AEC , •Management of Radioactive 
Aqueous Wastes from UShEC's fuel Reprocessing 
Operations, Experience, and Planning,-at p. 12(1972). 
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certainly cannot be seen as the way •to maximize the isol ation 

of tho hi~h-level waste from man's environment.• 

Second, tho objective of the past llanford program ·is 

grossly misrepreNented by the description of the waste management 

program in the draft 11tatement. llistoricolly, the short-term 

safety of storing high-level liquid wastes at Hanford has been 

increased by the ion exchange capacity ot the soil overlying 

the ground water. No serious attempt has been mode in the past 

•to moximize the isolat i o n of the high-level waste from man's 

environment . •
181 If that , in fact , had been the goal in the 

past at Hanford, the high-level liquid wastes would have been 

removed from the ncar- surf4ce tanks, solidified into a low

leachable form and placed in a deep geologic formation many 

years ago. And, thi11 would have been accomplished before nearly 

450,000 gallons of high-level liquid wastes, containing over 

200,000 curies of cesium-137 alone, leaked out into the soil 

certainly part of man's environment. (p. II . l-C-134.) 

In sum, the draft statement describes a waste management 

pr09ram at Hanford that is inconsistent with t he long- range 

goals and objectives which the Commission has stated else

where for the storage of AEC-generated wastes. Additionally, 

that description is seriously inaccurate regarding the past 

and current goals of the Han ford program. Furthermore, there 

is no detailed discussion o f t he Hanford research and development 

ll/ Emphasis added . 

-28-

program to support the claim in the draft statement that there 

eventually will be a determination of wthe best ultimate 

disposal method fc,r the salt cake.• 

The draft statement also fails ·n, to characterize 

adequately the existing high-level wastes and to project the 

ponsiblo future generation of wastes beyond 19771 (2) to 

describe clearly the rel,ationship of the current program to 

possibl_e permanent storage or disposal options, (3) to assess 

fully the cumulat i ve environmental effects of Hanford's 30-year 

practice of storing high-level wastes in tanks1 (4) to assess 

fully the possible future environmental ~mpact of the current 

program, and (S) to consider in detail all reasonable alterna

tives to the separa_ble parts of the program. 

A. The Draft StatClllent Should llave Characterized 

In Meaningful Terms The Nature And Amounts Of 

The Hl9lt-Lcvt:l Waste Materials That Husl Be 

Contained Now And In The Foreseeable Future 

To state what should be obvious, it is necessary to 

set forth clearly and precisely the nature and magnitude of 

the problem under cQnsideration. This draft statement never 

does that. 
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1. The Definition Of Wastes And 1~e Description 

Of Existing Waste Inventories Are Inadequate 

Because the focus of the draft statement is the manage

ment of radioactive wastes, at the outset, specia.l care should 

have been taken to characterize the nature of the various kinds 

of wastes generated at Hanford. Of particular importance, of 

course, are the high-level wastes. Unfortunately, the Glossary 

does not provide enough guidance to understand the precise 

nature of the wastes described as high~level in the draft. 191 

What is needed is a clear explanation in the Introduction 

or elsewhere of the various types of waste streams that come 

under the definition of high-level waste that has been used at 

Hanford since operations began. The information provided should 

include the types and concentrations of the critical radio

nuclide constituents in each type of waste stream, as well as 

the chemical composition of the waste streams. 

Furthermore, the characterization of the different types 

of wastes at Hanford should have inclµded the use of parameters 

.!2./ •high-level liquid waste -- fluid 
materials, disposed of (by storage 
in underground tanks) from Hanford 
operations, which are contaminated 
~y greater than 100 µ Ci/ml of 
mixed fission products or more 
than 2 µCi/ml of 137cs, 90sr, or 
long-li~d alpha emitters.•(p. C-8.) 

that indicate the degree and time period of toxicity .·2o/ Para

meters that have been suggested include "inventory co1111nitment•-~.!/ 

and the amounts of water~/ or nir required to dilute the waste 

to the maximum permissible concentration.QI 

After clearly defining all ·the categories of wastes at 

Hanford, the draft statement should have presented in detail the 

existing locations and amounts of each category of waste. While 

this was done to some extent, particularly in regard to relatively 

low level solid wastes and heavily contaminated soil, important 

information is missing about the high-level wastes, the wastes 

of principal concern. For instance, the complete radionuclide .. 
inventory of each tank should have been listed to the extent 

curu,nlly known. .1nstt:ad, only tile total amounts 01: strontium, 

201 See A. S. Kubo and D. J . Rose , woisposal of Nuclear Wastes,• 
Science .!.!!I, p. 1205 (December 21, 197Jf. 

1!/ See, AEC, draft environmental statement , Management of 
Commercial Iii h Level and Transuranium-Contaminated Radioactive 
Waste, pp. A.2-7 et~- September 1974 • 

ll/ M. J . Bell and R. S . Dillon, The Long-Term Hazard of 
Radioactive Wastes Produced By The Enriched Uranium, Pu-23Bu, 
and 2Du- Th Fuel Cycles, ORNL-TM-3548 (November 1971) • 

lll See, Battelle Pacific Northwest Laboratories, High-Level 
Radioactive Waste Management Alternatives, BNWL-1900, p. 3.43 
£1 ~- (Uay 1974) . 
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cesium, . and plutonium anticipated to bo in all of lhe tank~ in 

1980 &1ro presented . (I, . II.1- 127 ilnd II . l-C-10~.)l,!/ Furthermore , 

the accumulated amounts of strontium-90 and cesium-137 that 

are currently stored in the B Plant and the Waste Encapsulation 

and Storage Facility are not given . 25/ 

Parelleling this enumeration of amounts of each critical 

radionuclide in each tank , there should have been an analysis 

of the chemical composition of the waste and the current status 

of each tank; e . g ., Ia the tank an identified or suspected 

•1eaker"? Does it contain salt cake and/or liquid? For what 

period of time will the tank's integrity allow retrieval by 

sluicing? 

Pre&U111ably , the detailed information about the amounts 

of strontium-90 and ceaium-137 in the underground tanks and 

in the B Plant basin ia not presented on national security 

grounds. However , the mere assertion that • ·(s)pecific details 

that would reveal classified weapon~ material production rates 

are, of course, not included• is wholly inadequate as a reason 

~ The computer print-out (Appendix II-D) of a hypothetica l 
inventory of waste rad ionuclides generated in the N Reactor 
ia of little assistance in this regard because the actual 
wastes in the tanks came from various s ource s under signi ficantly 
different condi tions than assumed in the example. 

251 I t - has been reported tha t 10,700 gallons of ces ium-137 
and 13,500 gallons of strontium-90 , both as high ly concentrated 
aol utiona, are stored in the B Plant. This volume of . strontiurn-90 
evidently represents approximately 40 million curies , (Hill 
Williams, •Radioactive Garbage out of sight but not out of mind,• 
The Seattle Times, p . AB (September 26, 1973). 

for not provi,lln9 information in a NEPA .statement. The Commission 

must explain i n detail why knowiedge of prior weapons materiai 

production r at.c:s ,, t lla nford -- a virtually abandoned facility 

in these term11 -- would be inimical to the national security. 

As was recognized well over two years ago , "To declare 

the existing Lank waste storage system adequate for the long 

term rc<juires a comprehensive understanding of the waste and 

its present and possible environment.•!Y Because this type 

of information is not in the draft statement, a detailed 

assessment of what needs to be done to contain the underground 

tank wastes safely during an interim or longer storage period 

and the difficulties in retrieving the wastes at some future 

time cannot be detennined in detail . 

2 . There Are No Detailed Projections Of Wastes 

That t-lay Be Produced At lianford In The Future 

Essential to planning for the storage or disposal of 

wastes at Hanford is an assessment of the magnitude of the 

problem that may be faced. It is necessary to estimate the 

amounts of wastes by category that may be generated and stored 

at Hanford in order to plan effectively for their containment . . 

The draft statement fails to do this adequately . 

26 1 A. E. Smith, "Technology Development for Long-Term Storage 
Tanks,• in Forsman and Schmidt, Management of lligh Level 
Radioactive Wastes at the Hanford Site, p . 47 (Septembe r 1972). 

- - ---- --
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While no u1:.timates of futuru accumulations of radioactive 

solid waste s and relea~es of the various kinds of radioactive 

liquids and gases are provided, the draft does project that the 

Purex Plant will generate an additional 4 million gallonsll/ 

and that unspecified research· and development projects will 

generate another 5 million gallons through the end of FY-1978 

(p. V-16j. This estimate is evidently based on the assumption 

that the N Reactor will permanently cease operating in 1977 or 

1978 (p. v) and that the Purex Plant will close down after 

processing the inventory of spent fuels.from the N Reactor.~/ 

However, this is not the only possible scenario . In 

fact, it seems unlikely th~t the N Reactor will after all shut 

down in the near future. Previously, projected termination dates 

for the N Reactor operations have been consistently extended . 

After Dr. Glenn T. Seaborg, in his capacity as Chairman of the 

AEC, announced on January 28, 1971, the immediate shut down of 

Df 'l"here is some discrepancy in estimates of the amounts :.;!; !.:. •,i!. 
level waste generilted each year during operation of the N Reactor 
and the Purex Plant. At one place the draft states that" . .• 
the operation of N Reactor and the Purex process i ng plant results 
in the generation of approximately one million gallons of high
level waste each year . " (p. V-4) However, at other places it 
is estimated that approximately 600,000 gallons of liquid waste 
from the N Reactor are sent to the 200 Areas for in-tank storage 
each year (p. 11.1-58) and that the Purex Plant generates about 
225,000 gallons of high-level waste per year (p . V-12). This is a 
total of only about 825,000 gallons or roughly 171 less than the l 
million gallon estimate. 

l.~! The time required to process the existing inventory and the 
irradiated fuel produced through FY-1978 evidently would be about 
six years. (p. V-13). 

the N ncactor, 291 exteni;ive di!icussion -with the Governor and 

other officials of the State of Washington and lho Washington 

Congressionill Delegation led to the extcn1:.ion of tho N Reactor 

opcratJ.on to "July 1, 1974. Subsequently, N Reactor operation 

was extended twice more, first to July, 1975, and then to 

November , 1977. The existing contrapt, at the option of the 

utility customers, permits still another extension of N Reactor 

operation to July! 1978. 301 

The Pacific Northwest utilities foresee a shortage in 

generating capacity through the early 1980's. On November 21, 

1973, Senator Jackson wrote to the AEC about this problem and 

requested an early commitment to an extension of the N Reactor, 

•The Northwest is facing electrical 
power shortages throughout the decade 
of the 1970's and into the l980's. It 
does not seem appropriate that such 
a valuable energy resource as the NPR 
should be shut down during that energy 
shortage.u 

Indeed, the utilities and the Bonneville Power Administration 

arc planning on WPPSS obtaining an •indefinite• extension of N 

Reactor operation as part of the second phase of the HydrQ 

Thermal Power Program.11/ 

~/ 
Hearings before the Joint Committee on Atomic Energy, 92nd 

Cong. 1st Sess., February 3,4, and March 2, 1971, Part 1, at 53 . 

3o/ Washington Public Power System, Environmental Report, 
•wrPss Nuclear Project No . 1, 1300 MW Nuclear Power Plant, 
Relocated Site,• Amendment 1, July 1974, p. 1.0~2. 

1!/ General Accounting Office, Pacific Northwest Hydro-Thermal 
Power Program -- A Regional ~p1roach To Meeting Electric Power 
~~uircmcnts , B-114uSB, p . 31 June 5, 1974) . 
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Thua, the his t ory of previous extensions strong l y sugg ests 

that the N Reactor will operate far beyond 1977,particularly in 

light of the substantial polit ipal pressure to do so . The 

continued operation of the N Reactor is sign i ficant not only 

in ter111s of the 9enerat i on of more high-level wastes, but also 

in tenas of the continued discharge of substantial quuntities 

of radionuclidos into the environment. 

Similarly, an argument can be made that the Purex Plant 

lllAY operate subs t antially longer than indicated in t he d raft 

statement. If the N Reactor operates past 1977, it is 

highly like ly that .the operating life of the Purex Plant will 

also be extended . Additio~lly, the Purex Plant may be put in t o 

service to process commerc i al spent fuels. 

Since no commercial spent fuel reprocessing capac i ty will 

exist for at least another two years, fonner Congressman Craig 

Hosmer suggested that •there now appears little alternative but 

for AEC to reopen its Purex facility · at flantord.•W Due to 

the substantial economic _and technical difficulties the private 

sector is encountering in builaing operational reprocessing 

plants, the expense and time r equired to modify the Purex Plant 

to process cOIUlllercial spe nt fue ls may be much less t han the cost 

of build i ng an entirely new facility. Obviously the pos s ibility 

that the N Reactor a nd/or the Purex Plan t will operate for 

longer than is now indicated in the draft sta t ement should have 

been explored in detail . 

3 2/ Nucleoni c s Week , July 25 , 1974, p. 1 . 

The importance of projecting future waste generation in 

order to plan adequately was emphasized by an AEC spokesman as 

follows; 

• •• management of radioactive wastes 
canno t be on a year by year or short 
te rm basis but must be anticipated , JJ/ 
analyzed and plnnned years in advance.•-

• . . 
•[T)he effect of operations on waste 
genera t ion and waste management projects 
must be considered and analyzed years in 
advance so f ac i lities and equipment will 
be there when needed. 

It takes several years to fund, design 
and construct a set of waste tanks . 
(For instance, it takes t he AEC about 
f i ve years.) Many things which can 
influence waste generation and conse
quently the requirements for additional 
waste tanks can occur in the meant i me. 
Pue l loads change and equipment may 
operate better or worse than expected, 
that is, on stream t ime may change . 
There c an be process upsets or improve
men t s, technological and flowsheet 
changes, etc . In planning for addition
al waste tanks, all of these possibili
ties have to be evaluated and alternative 
situations assessed and analyzed."~/ 

It is regretable that the Commi ssion refuses to do the kind 

of advanced planning that is required by NEPA and that is 

necessary to ma nage properly the radioactive wastes at Hanford . 

33/ 

.lll 

Lennemann , £e · cit., p . 1 

Id ., p . 17. 
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0. 'l'he Draft Statement Shouhl llave Described 

Clearly The R~lationship Of The Current 

Program To Possible l'ermancnt Storage Or 

Disposal Options 

1. From The Beginning 'l'he lligh-Level 

Waste Management Program !las Suf

fered From Lack of Planning And 

Adequate Funding 

The first high-level radioactive liquid wastes were poured 

into •soft" carbon steel underground tanks at Hanford during 

1944.~/ Hore chemically resistant stainless steel was not 

used for those first tanks at l~nford because it was substan

tially more expensive and not readily available during the war 

years. 361 Then, having established what was thought to be a 

satisfactory interim storage means -- alkaline slurries in 

carbon steel tanks -- the system was not changed even though the 

chemical process waste streams changed dramatically during the 

early 1950's. (p. 11.1-20.) During the first decade of operations 

at llanford very little thought evidently was given to the long

t~~ high-level waste storage problem. Thus, when new carbon 

35 / G l . i • · - ';!nera Accoun~ing Off ce, Observations Concerning The Management 
of 111 h-Level Radioactive Waste Material, U-164052, p . 47 (Hay 29, 
ITGif Secret C assi ication was cancelled Oecember 18, 1970. J 

lY Lennemann, ~- cit., p. 13. 

steel tanks were used, •[t)here wa~ no consideration involving 

subsequent waste handling and treatment because no such methods 

had been developed.• 37/ 

It was not until 1957 that the development of a long

range waste management program at Hanford was initiated. 38/ 

By that time, however, the situation was already rapidly 

dcterio.rating. 

in 1958. 391 

The first tank leak is reported to have occurred 

There were four more leaks by the end of 1960. The 

seriously weakened state of some of the high-level waste tanks 

has been described as follows: 

37/ 

38/ 

Id. 

•Analyses of the stresses induced in 
heated reinforced concrete tank struc
tures have revealed that some of the 
reinforcing steel is being stressed be
y~r.~ ~ = ~i~~ limits . While~ =.c!!!!=a
tion of operating procedure was suf
ficient to hold the stress within 
acceptable limits in the nonboiling 

J. H. Warren, "General Site Description and Waste Management 
Summary• in R.W . Harvey, Editor, Management of Raaioactive Wastes 
at the Hanford Plant, p . 13 (June 1969). (It has been reported that 
the development of this long-range plan was perhaps stimulated 
• • •• by a classified study by the U.S. Geological Survey in 
1953 which labeled the waste storage tanks a 'potential hazard' 
•• • Wayne Thompson, •At Hanford: Secrecy, mismanagement, mis
understanding • • • but no danger,• The Oregonian (Forum), p. 1 
(September 2, 1973) . ) 

11_/ The dates of some leakages listed in the draft statement are 
different than the dates for the same tanks in the 1968 GAO Report, 
as follows: 

(1) for 104-U tank, 1960 by GAO and 1958 in EIS; 
(2) for 108-SX, 1964 by GAO and 1962 in EIS; 
(3) for 115-SX, 1963 by GAO and 1965 in EIS. 

Additionally, GAO lists the volume of the leakage from 113-SX as 
35,000 gallons, while the leakage is given as 15,000 gallons in 
the EIS . 
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tanks, current analyses by lhe Illinois 
Institute of Technology havo r evealed 
that the A, AX and SX structures ' !con
taining t he selfboiling wastes) are 
being str essed well beyond accepted 
design limits. •~; 

In 1968, the General Accounting Office concluded that 

• Richland was faced with a poten-
tially serious situation with respect 
to the condition of its existing tanks. 
The operating contractor has estimated 
that the expected life of the 20 Rich
land tanks equipped to accommodate self
boiling w~stes is probably no more than 
20 years or could be as little as 10 to 
15 years . El even of the 20 tanks have 
been in serv i ce for 10 years or more. 
Further, recent studies have cast doubt 
upon the wisdom of reusing such tanks 
after they have been emptied, regard
less of their~age . In this regard, it 
appears that in the last half of 1969, 
Ric!:!:i:-.:! r.:a :,· be confronted 1..!.t:. ~ .;itu
ation of having only used tanks a~aila
ble as spare tanks for high-level self
boiling waste storage.•.!!/ 

At the beginning of · the pl~nning process, the importance 

of ahort-tenia cost considerations in evaluating potential 

4o/ P. w. Smith and R. E . Tomlinson , Hanford High Level Waste 
Management Reevaluation Study, IS0- 98 1 DEL, p. 22 (Augus t l l, 1967). 
(llorctnafter Hanford HLW Reevaluation Study . ) !The desi':lna tion "DEL" 
indicates that materia l h a s b een scissored out of the report . 
Originally, the report apparently contained "unclassified" pages 
and •secret• pages. On August 8, 1973, the entire report appears 
to have been classifi ed "Confidential" . 'l'hen on November 19 , 1974, 
about the time NRDC requested a copy of it, the report classifica
tion was again changed to "Unclassified, Declassified With Dele
tions . " The deletions include, for instance, identification of 
the radionuclides of concern and their amounts in the under ground 
storage tanks. See, Table 4 .1, p . 16. No expl a nation wa s provided 
how this information could be inimical to national security . ) 

fi/ GAO 1968 Report , p . 12. 

remedial action is clear. 

•The developing (waste management) program 
was largely influenced by a few overriding 
considerat i ons ...• The 250,000 tons 
of con t ~minated salts now contained in the 
was t es to be processed provided a stronq 
incent i ve to develoe a orocess that can 
be used with low unit cost. S1gnif1cant 
quant1t1es of radioactivity are sorbed on 
the soil outside the tanks, and the removal 
of these materials to another site would 
be very expensive -- probably hundrerls of 
millions of dollars. In view of these 
factors, a low cost means was fiought to 
immobilize the bulk of the wastes on
site." _!2/ 

One high AEC official has publicly indicated that 

financial costs were given at least as much importance as safety 

in appraising alternatives~for preventing substantial leaks of 

high-level wastes to the soil: 

•ouring the early 1960's, the AEC con
sidered the financial and safey impli
cations of continuing with tank storage 
of liquid wastes in comparison with con
ceptua 1 al terna tivcs. Jlowever, it was 
felt that storing the high-level wastes 
in underground tanks could be continued 
almost indefinitely under normal condi
tions without jeopardizing environmental 
safety provided the stored wastes are 
transferred periodically to new tanks 
before the existing tanks being to show 
even a minor leak . On the other hand, 
concentrat i ng these wastes to less 
mobile residual salts was indicate d to 
be less expensive by annual exP-enditures 
than contrnuing the practice ~ui~ 
sto~age in tanks because of the cost of 
new ~enerations of storage ta~ks, in
cluding the transfer of liquids from one 
tank to another. Also, there were cer
tain obvious problems involved in periodi
cally transferring the waste, particularly 
with moving the sludges in the AEC's 

,4~2~7r--ll-a_n_f_o_r_d_l_lL- ~-,- R-e eval uation •Study , p. 7 . (empha sis add e d) 



>< 
I ..... 

....... 
CX> 

9 

-41- -42-

EXHIBIT 25 (Continued) 

alknl inc wastes. Furthermoru, thctrc is 
no known way to predict whfln a wu~tc 
tank is going to have small leaks and 
leakage of a single-shell tank invaria
bly results in escape of some radio
activity."!~/ 

Thus, to reduce the leaks and to maintain low annual 

(as opposed to cumulative) operating costs, the AEC chose to 

"solidify" through evaporation the Jn-tank wastes rather than 

build new tanks. Defore the self-boiling (i.e., more concentrateJ) 

liquid wastes could be evaporated to salt cake, however, the 

primary heat-generating radionuclides cesium-137 and strontium-

90 had to be removed to a substantial extent..L41 from the in-tank · 

supernatants and sludges, respectively, whenever possible.~/ 

The fractionization of the heat-generating radionuclides 

has resutled in the accumulation of as high as 50 million curiesi§/ 

of these relatively long-lived,hazardous wastes in liquid form in 

the B Plant or, increasingly, in solid form in the Waste 

43/ Lennemann, ~- cit.,p. 6. 

.!_!/ Tl,e efficiencies of remo)'al of these· two radionuclides from 
the supernatants and sludges is not considered in the draft state
ment. In terms of Current Acid Waste the draft simply states that 
a "majority" is removed. (p. II.l-61.) We note, however, tha~ it 
is reported elsewhere that 70 to ·90\ of the cesium and strontium 
are removed during the fractionization of the high-heat wastes. 
(C.H. Unruh, A Preliminary Safety Analysis of ttear Surface Storaqe 
of Radioactive Waste As Salt Cakes, BNWL-1194, p. 2 (January 1970).) 

.12/ Evidently the sludge from the 15 SX tanks cannot be removed 
hydraulically due to their leaky and weak condition. (p. _II . l-?0.) 
The draft statement is unclear about 1,:hether or not a similar situa
tion arises with regard to other tanks. For instance, how many of 
the 14 tanks that are no longer in use because of suspected loss 
of integrity are in the SX Tank Farm? (p . II.1-78.) 

~/ llanford 111.W Reevaluation Study (Ap(Jendix) p. 26 . 

Encapsulation and Storage Facility. The lack of adequate advanced 

planning is clearly demon,;tratcd 1.,y the abs~nce of a plan for. 

storing these highly concentrated forms of cesium and strontium 

during the many hundreds of years that tltcy will remain hazut·dous . 

In sum, a poor choice in terms of long-term management 

was made when the wastes were initially !ltored. The long-term 

storage problem was greatly complicated when the waste management 

facilities were expanded without adequate forethought about the 

ultimate disposal of the long-lived wastes. Today what was 

initially viewed and repeatedly proclaimed as only an interim 

storage means -- high-level wastes in near-surface storage tanks 

-- is becoming by default -- the long-term storage program . 

Been Established 'l'o Judge The Adequacy 

Of The Current High-Level Waste Manage

ment Program 

The in-tank wastes, either liquid or salt cake, and the 

strontium and cesium· wastes in B Plant constitute basically two 

categories of high-level radioactive wastes at Hanford. 471 De

tailed plans for the safe storage of these wastes until they decay 

f! . ../ A question arises about · whether or not to categorize existing 
Hanford stock piles of purified neptunium (p . II . l-20), americium 
(p. II.l-30), and even the plutonium as high-level wastes . The 
current status and potential future use of these highly toxic 
actinides should be thoroughly discussed . Since the commercial 
nuclear industry could be generat ing huge quant i ties of the~e 
materials in the future, it is unclear whether or not the Hanford 
stock piles will ever be used . 
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to innocuous levels are not presented in the <lra ft s ta len•ent. 

Furthermore, meaningful criteria by which to judge future plans 

are not even presented . 

The draft states that t ·he required studies and necessary 

development of technology to determine whether or not storing 

high-level salt cake/ s ludge in shallow earth burial is acceptable 

will be completed by f i scal year 19B1. This investigation will 

have to provide conclusive information that the waste materials 

will not pose potentially serious environmental or heal th hazards 

during the toxic l ives o f the wastes. In tanks that only contain 

significant amounts of fission product~ (e.g., stront i um and 

cesium) the wastes will have to be securely contained on the 

order of one thousand yea r s. However, in the case of tanks, 

such as the SX tanks, that contain significant quantities of 

the very long-lived actinides, safe storage must be assured for 

about one million yeara. 481 

Making a judgment about the possible safety of these 

wastes over such long periods of time wll not be easy and cer

tainly should not be made solely by a few scientist& and govern

ment officials at Hanford . In order to assure that a decision 

to leave the high- level salt cake/sludge in the tanks permanently 

is safe and generally acceptable to society, the criteria that 

49/ The average concentra tion of just plutonium-239 in the sludge 
at the bottoms of the SX tanks is about 8 ,000 nanocurie~ per gram. 
(P . W. Smith in Forsman and Schmidt,~- cit . , p . 46.) Thiu is 
a concentration 800 times greater t han the maximum concentrati on 
of transuranic nuclides permitted by AEC regulations in solid 
wastes -- a less mobile waste fo rm than sludge - - which are bu ried 
in t he earth eithe r irretrievably or for longe r than 20 years. 
(p. II.l-97.) 

will be used to make that decision should be formulated in 

detail now and subjected to general review and criticism before 

events have overtaken the planning process once aga i n at Hanford. 

Establishing the specific criteria is especially important now 

because it appears that, in fact, the near-surface at Hanford 

does not meet the general geological, hydrological and other 

siting cirteria that· are recognized . for the storage of commerclally

gencrated high-level radioactive wastes. 

Scientists at the AEC's Oak Ridge National Laboratory 

have &tressed, in their analysis of the safety criteria for 

high-level waste disposal sites, the importance of using. deep 

geologic formations for wastes that contain the relatively 

large amounts of transuranic nuclides existing in some of the 

underground tanks at Hanford1 

•[t)he presence ••• of long-lived 
transuran i cs, especiallO 239Pu (half
life, 24,413 yea~2~• 24 Pu (half-life, 
6580 years), and /lm(half-lifc, 7340 
years) requires assurance of waste 
containment f or a time period of the 
order of several hundreds of thousands 
of years . For such long time periods 
only deep geologic formations offer the 
stability required for preserving the 
necessary degree of containment."49/ 
(emphasis added) -

Thus, an ultimate disposal scheme that would permanently leave 

the transuranium-contaminated wastes in the ground at Hanford 

violates the most fundamental requirement envisioned by some of 

the AEC's own scientists. 

49
/ F. Gcra and D. G. Jacobs, Considerations In The Lonq-Term 

Hanaqcment Of lli9h- Lcvcl Radioactive waste5, onttL-4762, p . 12B 
(February 1972) . 
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A team of USGS scientists in a 1974 preliminary report 

for the /\EC concerning the geological and hydro log lea 1 er i led a 

that arc pertinent to hiqh-levcl waste dii.;t,osal cxprcused 

concern about a potentailly serious effect resulting from the 

shallow burial of radioactive wastes in the Colwnbia Plateau 

region (which encompasses the Hanford Reservation): 

• ••• fresh water could occur quite 
deep in parts of the Columbia Plateau 
end . . . even shallow disposal or 
storage of waste could contaminate a 
valuable source of water at great 
depth if the potential for ground 
water to move downward is substan
tiated.• SO/ 

The USGS scientists also expressed the preliminary opinion that 

the Columbia Plateau region~is tectonically active now and that 

the tectonic activity in the Northwest m~~ inrrp~Ae dur i ng the 

time the transuranic wastes will remain hazardous; 

"Continued microseismic activity in 
the Hanford area of the Pasco Basin, 
together with the historic occurrence 
of major earthquakes on the plateau, 
indicates that the area is still 
tectonic~lly active.• 

* * * 
"This motion and the possibility that 
the coasts of Oregon and Washington are 
being underthrust by the ocean floor 
indicate that the lack of major earth
quakes in that locality may not be a 
permanent condition. The development 
of tight folds in the Columbia Plateau 
and the indication of continuing crustal 
unrest in that region may be related 
directly or indirectly to the interaction 

-----------
SO/ E. 8. Ekren, et al., "Geologic J\nd llydrologic Considerations 
For Various ConceptsOf lligh-Lcvel H.:idio.:ictive Waste Disposal 
In Coterminous United States," Open File neport 74-158, p . 73 
(1974). 

of the occ1111ic and continental 
plates, and the next l m.y . may see 
an increase in tectonic activity in 
the northwestern part of the United 
States."~/ 

This possible lack of tectonic stability violates one of the 

principal ultimate disposal criteria for high-level wastes developed 

by the Oak Ridge Scientists. 52/ 

While the Oak Ridge and USGS reports are 1ecent, the AEC 

was informed by -a National /\cademy of Science's advisory committee 

eighteen years ago that the vadose zone at Hanford was unsuitable 

for permanent waste disposal. In the committee's last report, 

before it was disbanded by the AEC, the -committee stated that, 

"All proposals for surface or r.ear
surface stora·ge of calcined high-level 
waste products in semi-arid regions 
where 'dry soil ' above the water table 
is assumca co be a sare concainer, 
should be examined carefully i n the 
light of possible events of future 
centuries. Even storage of these 
products in su~face tanks or bins 
as a permanent disposal appears to 
be rinky. "~/ 

'iV . 
-'-- Id . at pp. 70, 173. (References omitted.) 

.i_V Gera and Jacobs, ~- cit., p. 131 . (Another criterion that 
is not r.iet by the llanfordReservation that the ultimate disposal 
site not ue in an area affected by any of the Pleistocene glacia
tions. Id. at 93 . The· Hanford area, in fact, was inundated by a 
massive ITood resulting from the breaking of a glacier dam only 
about 12,000 years ago. p . II . 3-B-27. Although not discussed 
in the appendix on meteorology (II. 3-E) the glaciers must have 
had a substantial effect on the climate at Hanford . ) 

SJ/ Cor.vnittee on Geologic Aspects of Radioactive Waste Disposal, 
Division of Earth Sciences, Nat i onal Academy of Sciences -
National nesearch Council , Report to the Division of neactor 
D<welo1~1-~ent and •rr.chnoloqy, -united States Atomic Ener<J)' Commission, 
W • 70-71 (May 1966). 
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Therefore , at the least the Commission. mu1>t immediately 

prepare a set of detailed environmental and safety criter i a which 

are to be met by any proposed long-term storage means at Hanford . 

This should be the starting point. The approach currently in 

use at Hanford of hoping that in some unspecifi ed way the 

near-surface at Hanford will prove to be safe is ~nacceptable. 

As the Oak Ridge scientists pointed out in their report, 

•[t)he only correct approach to the s e l e ction 
of the disposal formation is to check the 
proposed geolog ic environments against the 
very stringent safety standards requi red by 
the magnitude of the potential hazard . Only 
after an alternative type of f~rmation has 
been found acceptable from the poin t of view 
of safety should elements such as convenience 
of operation a nd .cost play their part in the 
selection. •?..1_/ 

To do less, as the Commission has in the past and continues to 

do, violates the environmental and safety standards under the 

National Environmental Policy Act and the Atomic Energy Act. 

!!• a t p. 100 . 

-48-

C. The Draft Environmental Statement Pails To 

Assess Fully The Cumulative And Potential 

Future Environmental Effects Of The lligh

J,evel Waste Management Program 

One fundamental deficiency of the draft statement is its 

failure to consider the potential cumulative adverse environmental 

effects of high-leve l wastes released to the environment during 

the entire time that the long-lived radionuclides pose a hazard. 

In particular, the possible impacts of radioactive waste s should 

have been evaluated over a period of time approximating twenty 

half-lives of the critical radionuclides in the wastes. The 

draft statement does not do this. In this regard , the draft 

statement does not mee t the NEPA requirement to assess fully the 

long-term environmental effects of waste managemenc opera t.iu,\::. 

at Hanford. 

1. The Potential Extent And Full Effects 

·of The Environmental Contamination From 

The In-Tank Wastes Are Not Fully Analyzed 

The draft statement contains a number of ' undocumented 

assertions about the lack of deleterious environmental or health 

effects <UJe to the rout ine or accidental release of radionuclides 

into the environment at Hanford. These opinions should always 

be label ed as such to avoid their confusion with facts. Un-

fortunately , some of these judgments are not only not identified 
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UH opinions; they aluo appear to be ill-founded . Por inula nce , 

in regard to the largest (115,000 gallon) tank leal; at 11,rnfor-d, 

there is the followJng unreferenced conclusion: 

"Based on results of the (106-T tank leak) 
study •.. and the basic knowledge of · 
liquid movement in the llanford sediments, 
further movement of the radioactivity 
from its present location ·will be negligi
ble.• (p. III.2-4) 

The draft statement does noc describe, in detail, as it 

should, the "basic knowledge• that purportedly substantiates t he 

Commission's ·opinion that the ~adionuclides will not move 

significantly far away from their existing locaiion near the 

tank. Such an explication is needed because several mechanisms, 

physical and biological, could, in our opinion, lead to the 

the hundreds of years that the radionuclides will be hazardous. 

For instance, soil moisture may be transported back and forth 

across the contaminated soil zone as different transport 

mechanisms alternately dominate.ll/ This movement of soil 

moisture may cause the radionuclides to migrate toward the 

surface and/or the water table at different times . Also, if 

vegetation is not prevented from growing on top of the tank 

farm area 561 or if burrowing animals are not kept away from t~e 

55/ 
See. R.E. Isaacson, et al., "Soil Moisture Transport In Arid 

Site Vadose Zones,• ARII-SA-169, p. 8 (Janua ry 1974). 

56/ 
See, K.R . Price, "Tumbleweed and Cheatgrass Uptake of 

Transuranium Elements Applied To Soil As Organic Acid Complexes , " 
BNWL-1755, Hay 1973. 

so i l contamination;]/ these biological vectors could bring 

~ignificant amounts of radioactivity to the surface, from 

whence it could disperse widely. (p. II,I.1-38 . ) In our opinion, 

othe1· means, singly or in combination, by which the radionuclides 

could be moved include a rising water table due to increased 

recharge from agricultural irrigation (p. II . 3-D-67),W the 

ponding of cooling water from nuclear reactors, increased rain

fall from cloud seeding for agricultrual reasons~/ the construc

tion of the proposed Ben Franklin Dam. 601 Furthermore, perched 

water could invade the contaminated soil and cause the radio

nuclides to migrate toward the River or the surface without the 

necessity of first migratiQg through the entire soil column 

auove the watar ~~L!~. (;:. II . :?-!'--,.:' 

In sum, a number of possible mechanisms could cause a 

significant fraction of the radionuclides in the soil near the 

106-T tank to move away from their current position. The draft 

statement should have addressed this issue forthrightly and 

discussed these possible . mechanisms in detail . 

57/ Sec, T.P . O'Farrell, R. E . Fitzner and R. O. Gilbert , •oistribu
tion of Radioactive Jackra bbit Pel l ets i n the Vi cin i ty of t he B-C 
Cribs, 200 East Area , U.S.A.E.C . Hanford Reservation,• BNWL- 1794, 
September 1973. 

~/ Hanford IILW Reevaluat i on Study, p . 26. 

Id . at 25 . 

601 W.A . Haney , Editor, Final Report on the Effects of Den Franklin 
Dam on Hanford , BNWL-412, p . 2 (Hay 1 967) . 
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In order to asse&s tho potential environment al effects of 

radJ.onuclido& in the flO i l due to loat:s in tanks , the poi; s i b lc 

11ochanifims for rulciu;c u hould h11vo been analy;eed separatel y 

for each tank due t o the 9reat heterogeneity in t he composition 

of the soil in tho waste storage areas . (p. II.l-D- 34 . ) 

Already a total ot a bout 230,000 curies of cesium-137 

alone has leaked out from the underground tanks. (p. II . l-C-134 . ) 

For comparative purpose s, the maxip,um permissible body bur den 

(HPBB) for occupa t ional exposure is only 30 microcuries.il/ Thu s, 

there is the equivalent of roughly B billion MP~B' s of c es ium-137 

in the soil around the underground tanks which have leaked . 621· 

The potential g ravity of the hazard posed by the leaked 

waste m~terials is indicated in the following statement concerning 

the continuation of the high- level waste solidification program , 

• ••• t he hazard to the surface of the 
Hanford platea u by the radioi s otopes in 
the salt c akes · is small relative to t he 
hazard posed by the isotopes on the soil 
outside the tanks •.• • "fi/ 

611 International Commission on Radiological Protection , Report 
of Commit tee I I o n Pe r missible Dos e for In te rnal Radiation , p . 
63 (1959). 

621 Unfortuna t ely , t he d r aft s t at ement does not list e ither the 
types or t he amo u nts of the othe r i mpor ta n t r adionucl i d es which 
also leaked i ntothe s o i l. Ip. I I. l-C-134.) 

§1/ Han fo r d IILW Re e va luation S t udy, p. 12. 

Thus , t he clraft statement's faUure to address thorou<Jhly the 

long-term hazards posed by the leaked radionuclides, accord i ng 

the this analysis, is a greater omission than not consideri ng 

the safety of storing salt cake in tho underground tanks . 

Although the evaporation of most of the water from the 

high-level wastes reduces their mobility, the fact that there 

will be substantial (30\) amounts of _ interstitial and residual 

liquids remaining (p. II.1-86) means that high-ievel liquid 

wastes will leak out as the tanks become raore corroded.~ 

Within the next few years it seems likely to us that many more 

tanks will have los t their integrity 651 so that the salt c~ke/ 

sludge cannot be sluiced out. Thus, the draft statement addi-.... 
tionally should have considered the possibility that even in the 

relatively near future the high-level wastes which are now at 

least partia lly protected by the tanks will be vulnerable to 

the same types of d i spersal mechanisms as the leached wastes. 

The f i rm conclusion of a detailed 1967 internal analysis 

of al t~rnatives t o t he fractionization and solidification program 

was • • • • that the basic plan of the current 
Hanfor d wa s te Management Program is sound 
and should be followed. Host of the l ong
lived h e at - emitting isotopes •.• should ---------

64 / • the integri t y of the tank liner and shell cannot be assumed 
for long p-riods .• (p . 1 1.1-86.) The draft stateme nt should have 
explaine d how long , in f a ct , it i s es timated that the i nt egr i ty of 
the tank liner and she ll would be maintained und e r these conditions . 

.§2/ Pi tt i ng o f s t eel tanks con tai ning ne utralized Purex wastes has 
be en me.isurcd t o occur at ra t es up t o 2 mili: /mo n t h. (W. E . Derry, 
Cor. ro:; ion in Nuc lear App l icat i ons , p . 65 (1 !1 71) l At that ra te one 
qua r ter or th..-ce-e i ght hs inch steel would last roughly 10 or 20 
years , resp~ctively. 



X 
I 

9 8 0 9 7 . 

-53- EXHIBIT 2i (Continued) 
be isolated for high integrity storage 
• • • . The low heat wastes should be 
evaporated to salt cakes in the existing 
underground lanlrn. The tanks should be 
prefisure filled with sand and grout 
capped with a weother-proof mat, isolated 
from surface waters, and marked for 
continued exclusions of the public . • • • 
The snit cakes nnd contaminated tanks • 

· could ~c- left i11_place indC!finit~ 
transported to 11 better plact, 1•1hen ~ 
consensus is reached on the governing 
criteria. "66/ 

Seven years later the AEC is continuing this program 

evidently still without adopt~ng the general criteria or standards 

by which to judge whether or not leaving the salt cake/sludge 

materials in the underground tanks permanently is compatible 

· (1) with procedures for the, m.:inagement of commercially-generated 

high-level radioactive wastes, or (2) with the safe permanent 

storage of the wastes.Bl Thus, the draft statement outlines a 

series of major areas tl~t remain to be investigated before a 
, 

well-founded decision can be made on the long-term safety of 

storing the salt cake/sludge in the underground tanks, 

"The required investigation includes 
waste characterization, tank failure 
effects, waste-sediment reactions, radio
nuclide transport, radionuclide re-
suspension, potential water pathways, 
seismic effects, potential biological 
pathways, acts of man, and waste 
retrievability." (p. V-21.) 

I 

661 Hanford IILW Reevaluation Study, pp. 8-9. 

671 The lack of established national criteria by which to judge 
the acceptability of a permanent storage means is repeated fre
quently in official analyses of waste manaqemcnt at llanford. For 
inst11ncc, the "[l)ack of lonq-tcrm (stoL·a,.1c) acceptability con:a, n:rns" 
Wiltl li.uted as one of the ba!.es of the llan(ord Waste Han.:iqcmP.nt · 
Program in 19Ci9. (P.W. Smith, "The Nature, rrcr.ent Handling, and 
Storage of Chemical Processin<J l~astes, " in llarvcy, ~ - cit.) 

lt is di,rnr,poinling, t.o s.:iy tl,1.J ll,1.1st, that af·ter 17 year:; of tho 

adoption of the current progr;,r.i, so much work app,-ircnlly rcmain11 

to Le done. Only a year and a half ago, tho lite eluted tlrnl. 

the "[e)valuation of long-term storage of salt cake in exJ6ting 

·tanks [would be) completed" by fiscal year 1974, i.e., before 

July 1, 1974.ll/ Now in the draft statement it is stated that 

the "required investigation" will continue until fiscal 

year 1981, another seven years. (p. V-21) The draft statement 

should contain a full explanation of the need for this substantial 

delay that the draft claims has become required within the past 

fc~ months. 'l'he continuing delay in making this important 

decision from a sound informational bases is evidence enough of 

the need for a detailed, comprehensive review of the waste manage

ment program at Hanford by an outside, independent group. 

By delaying a decision for such a long period the AEC 

is, in fact, probably choosing to leave the wastes in the under

ground tanks, because the opportunity to retrieve them by safe, 

know~ means is being-lost rapidly. Already the sludge in the 

15 SX tanks cannot be retrieved by sluicing, (p. 11,1-70,) 

Undoubtedly, several other tanks are too weak or have lost their 

integrity to such an extent that there would be substantial 

quantities of radioactivity lost during sluicing operatio~s. 

Thus, it appears that through poor advanced planning and inaction 

from an unwillingness to spend the needed sums for safe manage

ment of these high-level wastes over their toxic period of at 

~/ WASH-1202(73), £.e • cit., p . JB. 
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leaHt 1,000 ycu~u, and , perhaps, orders of rnagnitudo l onger, 

depcndin<J on t.ho kin<l und amounts of radiouuclidc!i in the tanks. 

Horu importantly, the draft st.:.tcrnc:nt should consider fully how 

leaving the salt cake/vlu~~• wastes in the soil permanently 
I 

would be compatible with any acceptable set of national criteria. 

2. The Potentia l Seriousness Of Acc i dents 

Is Not Adequat~ly Considered 

The ·discussion of possible major accidents is flawed in 

at lea&t three way&. First, the judgmental terio •credible" is 

u&ed without an explanation of its meaning in the context of 

69 1 
accident analysis.~ Thia is necessary be cause whether or 

not the chance of a particular accident occuring i s •credible• 

will · undoubtedly vary from scientist to scientist. Of course, 

the best way to avoid the inherent ambiguity in the use of the 

word •credible• is to cite the probability with which the accident 

wastes conce~n has been expressed in the past that, 

"(i ) f cooling action were discont i nued, 
os by salt crystallation or by loss of 
liquid cover , the sludges [in the SX, 
A ~nd AX tank farms containing 120 
million curies of strontium-90 and 150 
kilograms of plutonium) would self-heat 
to temperatures that could calcine the 
salts , destroy the tank structure and 
volatilize some of tho fission products."70/ 

The draft statement did not discuss whether or not this type of 

accident could still occur and, if so, what the long-term conse

quences would be. In particular, the draft statement should 

have analyzed such an accident for the pne tank }n the A-AJC

AY-AZ tank farm complex generating sufficient decay heat to 

sustain boiling (p. III.2 - 14) and all of the SX tanks, in which 

the sludges still contain heat-generating &trontium. (p. II.l-70 . ) 

Although cooling is evidently provided by fans for some tanks 

(pp. II.1-70; III.2-14), the possibility that the fans, and 

their back-up fans, become inoperative during the approximately 

aay occur. In the ab&ence of such quantification of the probability, 50 years that they will be needed for cooling 1.!./ should be 

there should be at least a description of the process by which 

particular accidents were judged to be ~credible" or "incredible." 

Second, although the discussion implies that for each 

type of accident the •wor&t case• was analyzed, other , more 

aevere accidents &eem to have been mentioned in other AEC documents 

and, furthennore, the •wor&t" conditions were not assume d for the 

accidents con::idered. For instance, in regard to the high- he at 

~ 
The r e is no d efinition of • credi b le• in the Glossary . 

fully considered. Simultaneous failure of the coo).ing fan and its 

back-up does not seem incredible to us. A "common mode" failure 

for these cooling fans could possibly arise, for instance, as 

the result of accidental or purposeful hwnan intervention. An 

example that the "worst case• conditions, in fact, are not assumed 

i& the analysis of a major tank failure. Initially, the possible 

70/ 

71/ 
Hanford IILW Reevaluat i on Study, p. 41 . 

~ - a t 21. 
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concentrations of radionuclides dy not seem t0 have ,~an 

maximized. For instance, the assumed concc:mtratio:i o f plutunium-

239 is listed as 0.14 µCi/gal. llowever, the conc0:it r.:.ti on of 

plutonium-239 in the high-level liquid waste that kilkeLI frum 

the 1Q6T tank had a plutonium concentration of 34 ~Ci/gal, or 

about 250 times higher than assumed. 721 Furthermore , the worst 

possible soil conditions, which are known to bo very heterogene~us 

(p. II .3-D-54), are not assumed. Appai:ently, a "typical" amount of 

silt, which controls the percolation rate, was used in the 

calculation. How would the calculation.have changed if the 

lowest known amount of silt in the storage areas had been used? 

Or, what if during the next several hundred years during which 

the wastes remain toxic, the hydrological conditions changed 

substantially from those assumed? 

Third, the potential consequences of the assumed accidents 

are considered only for the very short- term. For instance, in 

the case of a tank-dome failure, could substantial radioactivity 

be released slowly as precipitation and soil moisture entered the 

exposed wastes or as the whole range of possible physical .:.,,.l 

biological dispersal mechanisms operated over time. Also, if 

remedial action were taken following a tank-dome collapse what 

would be the risk to workers? 

11/ AEC, Re ort On The Investi ation Of The 106 T Tank Le ak At 
The llanford Res e rvation, Richland, Washington, p. 43 July 1973). 

-50-

3, The Pos s ibilities For Sabotage, Terrorifit 

Or Military Attack, Or The Theft Of Special 

Nuclear Material Are Not Discuosed 

The draft statement at the beginning of the chapter on 

accidents says that• ••• the accidents analyzed also (represent) 

potential consequences of sophisticated sabotage directed at 

waste management operations.• (p. III.2-1) While this statement 

may be true, it does not address the fundamental issue of what 

could be the consequences of a determined terrorist or military 

attack. In our opinion, the consequences could be much more 

severe following such an attack than were tho effects in the 

assumed accidents . For instance, the results following detonation 

of D ] r.:e -;:.t:;;:-. :-.;.;.::::.c.:ir ...,e .. pon vvt=t tht! taur. .LdLtu area11 na11 alreaay 

been analyzed for the AEC. One possible control action following 

the explosion would be to confiscate crops over a 20,000 square 

mile area.11/ The draft statement should have been more candid 

about the potentially catastrophic nature of events such as 

this . 

?'J/ C . H. Unruh, £e· cit., p. 39 , 
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D. The Draft Statement Docs Not Consider In 

Detai l All Reasonab l e Alternatives To 'l'he 

Separable Ports Of The High-Level Waste 

Hanagemc~t Program 

The discussion of alternatives -- which should be t he 

heart of an adequate environmental statement -- is wholly 

inadequate. Thore are three principal deficiencies. Firnt, 

tho advantages and disadvantages of each alternative are not 

considered over the entire time that the wastes must be securely 

protected. Second, the discussion of alternatives does not 

fully consider the possibil ity that selection of one option now, 

e.g . , long-term storage of moist salt cake or sludge in single

walled carbon tanks, may , in practice, eliminate a n opportunity 

to choose a safer alternative, e.g., solidification into a low

leachable solid and disposal in a deep geological formation, 

in the fu'ture. And , third, the wrong standard -- immediate 

reduction of current population radiation exposures under 

existing conditions -- is used to discriminate between choices. 

Because the flrat tw? points are discussed at length elsewhere 

in these comments, they will not be discussed further in this 

section. 

All recognized radiation protection criteria include the 

caveat that radiation exposures should be kept as ~ow as prac t i cable . 

This standard ls adopted because it is assumed that all expos ures 

to radiation, no mat ter how small, may cause damage . The AEC 

has adopted this philosophy in regard to both its own opera-

tions and its regulations for the commercial nuclear power 

industry. 1J11for t 11n,-.tcly , the l\EC hu:i not. yet promulgated 

general criteria for deciding whut iLJ "as low bS practicnblc•, 

However, c~nmon sense dictates the use of parametors that 

can meaningfully distinguish between proposed alternatives. 

That is, the quanti ty used t o measure the effectiveness of 

proposed options to decrease releases of radioactivity must 

change according to the option selected. The draft -statement 

does not use such parameters, however. 

In previous ·11EC documents which pertained to the effluent 

reduction program , the number of curies. of radioactivity elimin

ated from effluents into the environment per dollar cost was 

used to assess the compara~}ve value of alternatives.ll./ Another 

parameter that may be particularly useful in assessing the long

term advantages of alternatives ls the acreage of land, on and 

off the Reservation, on which activities must be controlled in 

order to preclude the possible release of radionuclides stored 

in the soil. 

Unless the AEC adopts parameters such as the se for use in 

the selection of alternatives, there will be no sound basis for 

implementing the as low as practicable standard or for presenting 

an adequate discussion of alternatives in the draft statement . 

74/ See, AEC , Richland Office , •Effluent Reduction Program, 
Status Report,• •1arch 1972. 
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TIIE DISCUS!ilON OF SOIL DISPO!:. i\l, 
AT 111\lffOR[J IS INCOMPLETE, MJS 
LEI\DING AND DOES tlOT /\DEQUA'J'EL'l 
CONSIDER TIIE CUMULATIVE, LONG 
TEl<l-1 ENVIHONMENTAL P.Ff'ECTS Of' 
'l'IIC PRESENT PllOGRJ\M J\HD REJ\SOtl-

ADLE ALTERHJ\'l'IVES 

The practice of using the ground as a radioactive wa::.te 

dump has been criticized several times in the past. One water 

resources expert, citing a 1949 AEC report, stated that 

•(t)he Atomic Energy Commission is 
on record that the practices (of 
discharging intermediate-level 
radioactive wastes to the ground) 
at these places (including Hanford) 
may not be satisfactory for permanent 
use and that they require continued 
surveillance (u.s. Acomic Energy 
Commission, Handling of Radioactive 
Wastes in the Atomic Energy Program, 
17 (1949).•J_'y 

A former standing committee of the tlational Academy 

ot Sciences (HAS)-~ational Re::.erach Council (NllC) had a long 

history of objecting to the disposal of highly radioactive wastes 

to the ground at Hanford: 

•Throughout the fabric of thel0-year 
history of the Committee's delibera
tions run some continuing threads of 
purpose and conviction . Promine nt 
among them is the realization that 
none of thr. major sites [includin~ 
llanford Reservation) at which r J<l10-
iicTive wastes are:: beTng5 torc<lo rdis
poscd of 15 geotog1cally SU1CP.d for 

75/ . i f . . . u s - It.I,. Nace, Asi;oc1ate Che , Hater Resour:ces D1v1s1on , . . . 
Geologicul Survey, in testimony before the Spr,c.ial Subcommi t. t. i,e 
on Racli.1tion of the Joint C01M1ittcc on J\t or.ii c Ener.9y, Eir1hty
Sixlh Congress, Fiest Session, Volume 4, p . 2603 . (February ], 
1959). 

llafc clisr,osal. o.f n~n•) r of r .idio
act1.vc Wil:.ilE:s <>l!H:r thar,, vc r.y dilute, 
very low- l e vel 1 i ~uicl :;. •• • 11 7(;j 
lciiipha s fs adJe:d) -

'l'he NJ\S-IJRC committee went on to di!lCU!.IS in detail its reasoning 

for rej ecting ground disposal of radioactive wastes as practiced 

at Hanford and elsewhere. 771 Among the many statenents outlining 

the hazards associated with disposal into the soil is the 

following: •At all sites where continuous disposal 
of low-level wastes or frequent unscheduled 
releases tb the earth materials underlying 
the site occur, there is always the danger 
of a build-up of concentra~ions in the soil 
and underlying rocks. An equilibrium may 
be estiblished by balancing the rate of 
disposals with the rate of decay of radio
activity; cont-inuous disposals beyond this 
rate could lead eventually to hazardous 
excesses of concentration, at which point 
the eartn materials would no longer be a 
suitable disposal medium. 

Future changes in the ground-water regimen 
through intensive agricultural irrigation 
or nearby construction of dans or other 
water-regulatory works ~ay easily affect 
earth materials containing adsorbed radio
nuclides , Especially reactive will be the 
unconsumed irrigation water containing 
dissolved fertilizer compooents and biologi
cal refuse from plants and soils. Since, 
ion-exchanged nuclides of earth materials 
are subject to r eversible equilibria, under 
leaching condi t ions that may be super
imposed by radically different -water in
troduced into the system, there raay easily 
be induced a removal rate that is much 

l~/ Committee on Geologic Aspects of Radioactive Uaste Di:.;posal, 
Division of Earlh Sciences , National Academy of Sciences-National 
Research Council , ne port to the Division of !leactor Development 
and Technoloq , U. S . AtoriiTcEnerqy Commission, p. 11 (May 196Gf. 
hereinafter cited as Nl\S-NHC Hcport. I 

111,rhe Committee was especially concerned because • ls)uch methods rer,rc:
sent a concept of eas y dispos al that ha~ had and will continue to la.~v~• 
grr.at appeal to operators, but we fear that continu.1tion of the prac
tices evcnlually will create haz,1rds that will be extremely 
difficult and expensive to eliminate." Id . at 70. 
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flwlur than tlw 1;orptio11 rate. 'l'h<· future: 
chmnic:al condlUon of the 1;oil .iml .applic,1 
water i11 not alw.iys prcdict:alJlc, il U m.in ' s 
requircmonto fr.om his cnvin,nmcnt ure like
ly to change in future ycan; of lund use 
in q1e United States.• 78/ 

Recently, the risk involved in ground disposal of radio-

activity has been admitted by the AEC: 

•soil colU111ns · and holding ponds and basins 
retain rad i onuclides. Radionuclides with 
longer half-lives can build - up fa ster t han 
they decay, which might result in unfore-
seen ha2ardous radioactive contami nation. .m 79/ 

Slowly, as more liquids flow through the soil, radionu

clide& arc being carried to the groundwuter and thence to the 

ColWllbia River. While apparently only small quantities have 

reached tho river to date,!!_ • •• in the course of a century or two 

(long-lived radionuclide&) may be carried to the water table 

by c.atastrophic 'once-a-century' deluges •• eo/ Or, the oame 

result may occur over a longer period of time due to a more 

subtle mechanism, such as a substantial change in groundwuter 

1110ve111ent. 'l'he qroundwater <111alitv l'nrl movement could be 

radically changed by a combination of man's activities near 

Hanford, such as dam building, irrigation, and discharge of 

industrial dffluents. Construction of the proposed Ben Fr anklin 

Dam, for instance, would bring the •1ow level disposal sites in 

the 200 East Area ••• near the predicted ground water stagnation 

!!/ NAS-NRC Report at 32. 

ll../ Lonncm4nn, ~- cit . p. 21. 
RO/ NAS-NRC Report at 67. 

-G4-

point.•!.!/ A rise in the water table beneath the waste: disposal 

sitc-s would bring additional radionuclidcR in contact with 

groundwater and would eventually increase the level of radio

activity in tho Columbia River.• 821 Future earthquakes in the 

Pa~co b.isin .ind adj.icent areas may cause •moderately strong 

ground shaking" at llanford. 811 Large scale irriyation may 

be causing •. • stresses above and beyond those naturally 

iroponcd . " (p . II . l-C-19) The resulting earthquakes, in turn, 

could trigger landslides at The White Bluffs, which are weakened 

by~ .. the discharge of large quantities of irrigation water 

!!..!_/Unruh,~- cit . p. 33. 

g; "Significant i ncreases .. in the groundwater level under the 200 
Arca:. (\·:.1:;t.: c!!.;;i:;;;;.:l .:reas! w-:>u~d tenri t0 \f"tnflat:e th~ t:lrv 
&edirnentn progressively, thereby reducing the distance between 

·the confined r adionuclidcs and the water table •.. " Br.own 
and Warren, J.and Requirements and Wilste-M.inaqcment Policy At 
Hanford, in International Atomic Energy Agency, Mana<Jement of 
Low- .ind Intermediate-Level Radioactive Wautes, 53) (1970). 
The fact fliat the steady-state water table elevation may be in
creased by 40 feet in the intermediate- and high-level waste 
disposal areas following construction of the Ben Franklin Dam 
led to the decision not to construct proposed cooling ponds 
for the Hanford Number Two commercial nuclear power plant at 
Han f ord because they would have raised the water table another 
30 feet, substantially inundilting radioactive waste-bearing soil. 
(Hanford Number •rwo Environmental Report, \~ashington Public Power 
Supply System, subsection 2.5.4, page 13 (January 14, 1972)). 

.!!..1/ Unruh, ~- cit.; p. JO. 

"Earthquakes of sufficient intensity to create 
damage are unlikely in any one year, but 
their occurrence is probable within any one 
century •• . • The geologic youthfulness 
of many lines of bedrock deformation suggest 
that an earthquake potential is present.• 

Newcomb, Strand , Frank, Ge~~~ Gro~!]d-Watcr ~haractcristics_ 
of the, Uct nfo r d _llc s crva llon o f _L il e Un1 tcd .S ta tes Atomic 1:ncrqy 
~~!.!~~ Ceulogicul Sui:vcy l'rofcssional Pa pe r "Jl 7 , 48 (1 972 ). 
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to (llacl ground atop the bluf.fs •••• • (p. II.3-C-16) Had i oac t ive 

wastc,s which h.:.vu been di sc:l1aryed to the ground in the 100 ArtW H 

could I.lien l,c swept aw1ty by the flooding cnu:;cd by tho l1111dsl idu; 

(p. II.3-C-16) to the Columbia Rivor . 

The draft statement fails t o consider adequately the like

lihood and potential effects of su·ch slow or catastrophic re

leases of radionuclides that are contained in the soil and that 

continue to ·be discharged to the soil . By not fully analyzing 

these possible evcnto the draft statement does not meet the NEPA 

standards for full disclosure and careful consideration of 

alternatives that may reduce environmental harm. 

A. The Draft Staftment Fails To Discuss 

Thoroughly The Uncertainties In Current 

J<nowled,1e About The llydrologlcal And 

Geological Conditions At Hanford Per

taining To The Fate Of. Radionuclide& 

In" The Soil 

Pr~dicting t~e potential environmental effects of 

radionuclides in the soil at Hanford depends crucially on having 

(l) an adequate data base for the gcohydrologicul properties of 

the Reservation and (2) valid simulation techniques. According 

to the r eports of Or. Raul A. Oeju, who recently conducted a 

•comprehensive review of the groundwater management and e nviron -

mental monitorinq pr09rams at the Hanford Reservation •• • (p . 

II. l-D-77), neither the data base nor the simulation (computer) 

techniques in use at Hanford is adequate . 

l. Hnth,.,matical Hodol :. 

In tdu report on nin t hematical morlols (p. II.3- 0-83 , 

I GS) , ho dencrilJed, as follows, • • • • the nature of the 

processes to be modeled and t he hydrologic ~haractcristics 

of the Hanford Reservation• (Deju, April 1974, p . 3) 1 

•1,ow and intermediate level wastes can 
seep throu~h the unsaturated zone and 
may eventually reach the water table. 
Rainfall may filter through disposal 
site s and p ick up radiocontami nants 
in solution. 

* * * 
Flow in the unsaturated . zone in an 

arid environment such as prevails at 
Hanford is difficult to modal because 
of the many controlling factorfi. Com
bined water, a i r, vapor, apd temperature 
induced flow components must be considered. 
Once the contaminants reach the water 

table they will flow horizontally in 
solution generally toward the Columbia 
River . This flow is described by 
stanaard nydrologic equacions. riooe!s 
to describe the flow patterns in the 
Hanford sediments must account for the 
occurrenco of anisotropies, hydrologic 
barriers, recharge an~ discharge areas, 
In addition, they must account for the 
interactions between ~ icrocontaminants, 
between macrocomponents, and between 
microcontaminan t s and macrocomponents.• 
(Id . ) 

Ooju also described one of the characteristics of the geohydrology 

at Hanford that potentially could result in the substantially 

more rap i d movement of water: 

•when the water table is raised from the 
Ringold co~glomerate to the gl~ciofluvia
tile and fluviatile deposits as a result 
of plant discharges, leakages o r any form 
of recharge , t he much lower gradient re
quired for percolation of comparable 
quantities of water through the glaci o-
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fluviatilo 1natci:ialE frees over 90;:. of 
the watur for accelerated wi9rat Jon 
dow119rildicnt. •rravcl tinu:~ in tlm q)acio
fluvi11ti le sedJancntE wUl l,c, 100 Limns 
(or 111orll) 1<mallcr than Lho1o,:i observe<) 
in th~ Ringold.• (Id. at 9.) 

Uc went on to corn,,,1re the complexities of the hydrogl'.!ological 

regime at llan!ord with the adequacy of tho dat11 and the 

aatheuiatical 111odels. Below, for each of the models he reviewed 

are the •problem Areas and Work Needed•: 
FLOW IN TIIE VADOSE ZONE 

•The project is still at a verr Early 
stage and much work needs to be done. 
follc,,,.-ing areas are of immediate con
cern, 

• Prior to attempting a numerical 
solut i on to the theoretical mo<lcl, 
the relative impoi:ta111.;o:, of the 
vurioua flow mechani~ms acting 
on the system must be experi
mentally assessed. 

• Work in thin model should hope
fully lead to the numerical solu
tion of the flow problem in the 
vadose zone . The method of 
cha~acteristics or variational 
calculus must be used. An 
expert o n these techniques 
must be retained to aid with 
the numerical algority. The 
method of finite differences must 
be avoided. 

• The concept of thermodynamic pres
sure needs clarification and i ts 
physical si,gnificance needs to be 
properly analyzed. 

• The condit~ons under which the 
i 1ii0thennal assumption does not 
hold must be clearly defined, 

• The const i tutive equations asswne 
perfect loss of memory, i.e., "the 
stress depends only on the current 
&trains , it remembers nothing .of 
the atrain history .• This perfect 

memory loss may not be ·a valid 
ilSSUlllption. 

• The model boi.ng developed appears 
aimed at performing tha functions 
that the preEcnt Partially Saturated 
Flow Hodel (11S'1') was designed for but 
is only inadequately capable of per
forming. Hore close cooperation be
tween Hr. Nelson (co-authored of 
model) and the Battelle ~taff 
responsible for PST could lead to 
more efficient model programs. 

• The experimental (field) program needs 
to be expanded so that the relative 
importance of the various factors 
affecting flow in the vadose zone is 
properly assessed. Close cooperation 
between Hr . Nelson and the personnel 
responsible for the experimental work 
is needed. The following specific 
experimental determinations mufit be 
made: " 

(a) value of water potential vs. 
depth and time in the lysirueters, 

(b) value of barometric pressure vs. 
depth and time in the lysimeters, 

(c) extent of moisture removal by 
barometric pressure pumping, 

(d) .hydrologic inventory at the 
l"ysimeter site! 

(e) correlation of extent of precipi
tation and infiltration, and 

(f) effect of temperature and pressure 
changes on water potential and 
water transport.• (Id. at 18-20) 

THE PERCOL MODEL 

"The Percol model is not presently capable 
of modeling the chemical changes occurring 
if a tank ruptures or a very acid dis
charge of fluid occurs L>ecause in such 
cases an cquilil>r.ium cond.ition will not be 
met at every point in the tlow path. It is 
important that a moJel be designed to 
atudy t he chemical in t eraction bet~ecn a 
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moving fluid contilining r,HJiocont.::11ni
nan t!I ilnd a po rouu m,!d i um wlwn the 
veloc.:ity of tho fluid iu !iO 11rcat th,1t. 
equilibrium at every point ifi not 
achieved. 

The effect of soil moisture con
tent changes on sorption also be 
examined. 

It appears to me that the use of 
the PEnCOI, model could be increased 
if the above work is .done by allowing 
direct use of the model to predict the 
chemicalconsequences of a tank leak 
under simplified assumptions. Such 
results are important if we want to 
establish an adequate contingency 
plan.• (Id. at 2B) (emphasis in original) 

PARTIALLY Sll'fUR.l'\TED 

FLOW MODEL 

•• The computor progrilm appears ex
tremely efficient and time consuming 
and could use additional improvement. 

* When this model is applied to a 
tank rupture situation two problems 
can easily arise: 

(a) The boundary conditions at 
the tank botton will probably 
result in large potential changes 
and thus lead to numerical in
stabilities, and, 

(b) the high background moisture 
content is an artificial condition 
imposed by the basic equation used 
to fit the moisture content-capillary 
pressure relationship and can lead 
to erroneous results. 

* No cross cooperation presently exists 
between Nelson who is conducting the vudose 
model at CSC (see a preceding section) and 
the Dattelle staff responsible for PST. 

• 'l'he assumptions used in developing PST 
are not clearly stuted in the reports 
available . They must be clarified and 
their applicability to the. 11ai1tord environ
ment could stand verification. 

* The accuracy of the model needs verifi-

EXHIBIT 25 (Continued) 
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catiun using field data from an uctunl 
leal:iHJO." (_!!!. at 30.:.32·. ) 

'l'RI\N:.MJSSIVl'l'Y ITf.M'flVE HOUTltlE 

"The transmissivity iterative routine is 
heavily dependent on the uVililability of 
good pumping test data. Such data are 
presently very inadequate . As diucussed 
in a separate report (Deju, 1974) a field 
program involvini geologic , geophysical 
and hydrologic work needs to be implemented 
to determine accurately; 

;. 

* 

* 

The position of the bottom surface 
of the unconfined aquifer, 

The amount of infiltration and loca
tion of infiltration sites, and 

The valu~ of transmissivity and 
storage coefficient at various 
points in the reservation. · 

Specifically regarding the model several 
areas require improvement1 

* 

* 

* 

* 

The computer program should be 
made more efficient and less time 
consuming. 

A storage coefficient calculation 
to be performed similtaneously with 
the transmissivity calculation should 
be· added to the model. The initial 
assumption of a constant storage eo
efficient appears rather inaccurate. 

It is not clear how, if ~tall, the 
model is capable of accounting for 
tronsient boundary conditions or 
flow rate variations. · 

It is important that improvements be 
made in the model in the transmissivity 
determinations: 

near the mounds µnderlying the 
waste disposal sites , 

in areas wl~re small radii of cur
vature in the streamtube occur, and 

near impermeabl~ boundaries , 
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• Error an11lysiu fihm,s that the valuc,a 
of trAn: . .ndusivi t y rra:;ulti1111 tram Lhc 
model as applied to thei.o an,.:111 may 
be quite erroneous. 

• The results obtained from tho model 
have apparently not been c hecked 
using known hydrologic field practices 
to verify their possible accuracy, 
especially in critical arcas.w (Id. 
at 38-39 . ) · -

VARIABLE THICKNESS TR>.NSIEN'l' 

(VTT) FLOW HODEL 

•• The Adequacy of the VTT model to 
stimula t e actual hydrologic condi
tions nee ds to be properly and 
accurately tested. 

• 

• 

• 

• 

.,, 
'l'he model is likely to suffer from 
artificial dispersion. Such smearing 
'"' " """\fiult of tht< numericitl ;,ltJnrithni 
and not of poor data. For larg~ 
values of the flow velocity the basic 
equation being solved probably behaves 
more like a hyperbolic than a para
bolic differential equation. 

The model does not a·ccount for any 
possible flow through the aquifer 
bottom. 

The (14 simplifying I assumptions 
••• (for VTT model) must be care
fully examined and those that are 
deemed inapplicable to the Hanford 
Reservation ' must be removed and the 
model changed accordingly. 

Results of the model must be compured 
to observed fi e ld water table measure
ments and whe re disagreement is notec 
a Cilreful scrutiny must be ma<le to 
establish the r e asons for the 
discrepancy . • (Id . at 44-45 . ) 
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•The data base for this model need 
to be improved . Additional trans
missivi t y and storage diltu from 
purnplnt tests Are neeued. Also, 
an altempt should be made to 
expand our knowledge of dispersion 
components and Lhe Sr sorption co
efficient in the Hanford neservati.on. 
Data improvements will hopefully 
allow a closer correlation between 
actual contamination patterns 
observed in the field and model
calculated results; 

In addition to the improvements 
noted above, there is a need for 
streamlining the entire computer 
algorithm. The algorithm is very 
slow, t hus restricting its use
fulness. A careful analysis of 
numerical disp_ersion should be 
conducted and documented. 

The tank leak situation requires 
11 ; ... i: i.L ~ ....... 1 of .:idditicn.:..! ,.:::,~·:: 
and testing to verify the model's 
confidence limits. The applica
bility of the model to this problem 
needs to be clearly estublished.N 
(Id . at 54 , 59.) . 

0/\'l'/\ BANK 

•one of the serious drawbacks presently 
holding progress with the Hanford water 
man<1gcm,111t effort is the lack of ii ra
tional data storage/retrieval system 
where all the hyclrologic data are stored 
and easily accus~ible to the user in any 
desirable format. 
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2. 

•It is imperative that a contractor 
with expertise in water management a,~ 
data handling be made responsible for 
establishing a data bank where all the 
Hanford hydrologic data would be stored 
and from which the data can be easily 
retrieved in a variety of formats. 

•such a data bank should be geared 
to the Batelle computer and the Batelle 
library. The work to be done must in
clude: 

(A) a comprehensive annotated litera
ture survey of Hanford hydrogeologic 
publications and related matters; 

(B) a comprehensive data system 
covering all wells in the basin, their 
identifying data, positioninq, drilling 
data, testing, chemical quality, etc1 

(C) a comprehensive information cata
loguing system, 

(D) a comprehensive core-storage 
handling system; and 

(E) development of the necessary soft
ware to handle the storage of data and 
their easy retrievability in a variety of 
desirable formats.• (Id. at 60, 61.) 

Field Testing Program 

After thoroughly reviewing the data elements, specifically , 

aquifer thickness and aquifer properties, for the mathematical 

models discussed above, Dr. Deju concluded as follows: 

• • . Host of the data obtained from pumping 
tests that have been conducted at Hanford 
are of extremely poor quality and do not 
cover most of the reservation. 

• There is wide di'screpancy between 
various geologist.s at Hanford o!i to the 
position of the bottom of the unconfined 
aquifer. 

• 1'he extensiveness of glacial outwash 
channels in the area needs to be properly 
clarified.• (Deju, May 1974, p. 36.) 

3. Re,, i onnl lly1h·o I O<JY 

In the Introduction to hi~ report on the regional hydro-

geology at llanford, Dr. Deju rem:, that •(i)n spite of all 

these years of concerted effort, t .~6 interaction between the 

radionuclides and groundwater continues to be a cause for con

cern.• (neju, June 1974, p. 1.) In . the Abstract to this report, 

Dr . Deju sur.imarizes his findings as follows: 

•The n~nitoring programs to measure 
water-levels and extent of radionuclid~ 
contamination resulting from the synthetic 
systems noted above suffer from a variety 
of weaknesses. Problems in the water
level monitoring prograrn include: (1) use 
for monitoring~of piezometers or wells 
open over long vertical intervals, (2) in
consistencies and lack of measurement con
tinuitv, and (3) use of wells open at the 
water table. Three aspects of the radio
nuclide monitoring program are subject to 
criticism : (1) the sampling procedure, 
(2) the representativeness of the samples, 
and (3) the capacity of -the program to 
describe the actual radionuclide concen
tration in the ground water. 

•From an overall programmatic standpoint 
it appears that the hydrologic program at 
Hanford needs additional supervision and 
periodic auditing.• (Id. at p. ii.) 

These strong criticisms in Dr. Deju's reports concerning 

the existing hydrogeological data, computer models, and hydro

logical te~ting and monitoring, are not fully reflected in the 

draft statement. In order to have met the full disclosure 

requirements of IIEPA, they should have been thoroughly evaluated 

and consJdered. 
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B. Tho Draft Stateme nt Poes Not Adequately 

Consider Alternatives To The Ongoing 

Practice Of Discharging Highly Radioactive 

Liquid Wastes To The Soil AL Hanford 

The conclusion in t he draft statement (p. IX-8) not 

to roduco further the amounts of radionuclides in inte rmediate

levol effluents dischurged to the ground at Hanford i s baaed 

on short-term economic savings and not on a full evaluation of 

the potential long-term costs and environmental effects of 

this continuing practice. First, aa in the analysis of better 

,;ontainment means for the high-level wastes, an insensitive 

parameter -- short-term an~ual radiation dose -- is used so 

that there is no ADDarent advantage of ;in altern1'tiv11 that , 

in fact, reduces the extent of radioactive contamination in 

tho environment. 

Tho importance of fully considering possibl e long-term 

effects of wasto disposal practices, inste~d of j ua t tho nex t 

two or three yeilrs in the draft statement, was ,revealed in an 

earlier study . At the end of 1967 it was estimated that for 

only a $22 million capital investment and an incrementa l operating 

cast of $5 million per year, • ••• aqueous discharges to tho 

environment at concentrations exceeding drinking water limits. 

would be discontinued . One advantage of adopting such a program 

would have been thilt tho cost of returning contaminilted areas 

to unrestricted use would helve cost $1 to 2 bi llion less by 

1980 than if tho aqueous discharges had continued with no 

.. 

r~'lluction . !!!/ 

Second , there should have been a full consideration of 

thu pofisib i)i ty -- in our view, tho aln~ut cer t a i nty -- that 

th~ N Reactor and Purex Plant will operate far past 1977, ny 

reliti:-iclin9 the timo frame to the date that the existing con

tract expires i s mis leading in light of the past extensions 

for operating the N Rea_ctor and the great political and social 

pressure which has been and will continue to be applied to 

extend the operating life of the N Reactor. 

Under the alternative which assumes that the II Reactor 

will operate into the 1980's, the draft statement should have 

considered fully the need tor N Reactor plutonium for nuclear 

weapons and specifically evaluated ·not reprocessing the :, Reactor 

spent fuel in the near future. It is our understanding that 

the very low quality of N Reactor plutonium has resulted in it 

l1ot being used in any event. Furthermore, it is our understanding 

that there are ample stockpiles of N Reactor and other plutonium 

for ~he foreseeable research and development needs. If this 

is correct, there would seem to be no valid reason to repro-

cess N Reactor spent fuel until such time as a better waste 

management system is adopted at Hanford. In any event, this 

issue should have been considered in detail in the draft 

statement. 

!!/ R. J . Sloat, compiler, llanfor<! l,ow Level Haste Manaqcmcnt 
Rccv,lluation Study, /\Rll-231 DEL , p. 11 ct ~- (December 29, 
}9°(;7) • 
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'l'lll•: l'ht-::;i•:il'i'/\'ft<,;, Ill' ll/\T/. /,1111 
O'J'lli:I< Jllf-'(ll<l-1/\'J'lllil )!, i'.'I' 'f l.i ll:! , 
C(JNl•'U! : 1111:, . IUC11i1: ,1:;•ri:1n , H l H·· 

Ll ·:I\Uli'.G I\IW J IU•.CClllU·.'l'I : 

'l'lie draft envJro11mental 9taternc11 t must serve two 

important function5. First, it must be a full disclosure docu

ment. Relevant information and allalyses, including responni

ble critical points of view cannot be omitted. Further, the 

information must be presented in an intelligent and understanda

ble way for both the concerned citizen and the -expert. 

Second, the draft statement must be primarily a 

deciRion-making document, ~ighlighting the choices to be made 

and providing sufficient information and analyses of reasonable 

alternatives to allow intelligent choices. This requirement 

places additional obligations on the authors regarding the 

statement's format and organization . Important material cannot 

be buried obscurely in appendixes and not referenced in the more 

introductory or general parts of the statement. All significant 

85/ lliii; ll!<J i1r:d .--

A, The Draft Statement Hinrepresents The 

Accuracy Of Some Data And Does Not Re

veal The Reliability Of Other Data 

The presentation of data is frequently very imprecise, 

confusing and misleading. Virtually no estimates of accuracy or 

reliability of data or calculated values are given. In order for 

the values listed· in the draft statement to have been meaningful , 

the bP.lit estimate of error in measurements should have been 

presented and there should have been descriptions of simplifying 

or other assumptions that were made in deriving various results. 

For instance, if radioactivity is measured by taking a •grab 

sample• -- a procedure that can give fallacious a1n:a -- dn• 

controls and checks that are performed. to ensure that the sample 

is representative of the actual condition should have been 

discussed. Such checks might include repeated sampling in one 

day or on successive days, the use of standard samples to check 

methodology, and cross-checking analyses from different lauora

tories . 

uncertainties and controversies must be made accessible to decision· Also, the accuracy of numerical values should have been 

makers who may not have the opportunity to review, in detail,all reflected in the way in which numbers are written, as is standard 

portions of the statement. Naturally , the information and analyses 

in the draft must. be made as accurate and well-founded as possible !!i/ The Guidelines of the President's Council on Environmental (luality 
(40 C.F . R. Part 1500) require (Appendix I) that draft en~ironmental 

in order to preclude the selection of options on the basis of impact statements be accompanied by a Summary that reveals specific 
information . One of the informational requirements for the Summary 

inaccurate data or faulty reasoning. is the listing of the Nl ~ Jame, address, and telephone number of [thel 
inclividuiil at the [respon::;iblel agencr who can be contactccl for 

Unfortunately, this draft statement does not meet tll::PA's addition.il information about the proposed action or the statemen t. • 
The Summary in this draft statement doe s not list such an individua l 

hJ.gh standards for the adequacy of environmental statements in and docs not contain other information that is required. 
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' 
in scientific writing . t'or instance, the aJno11Pt of plulc.nium in 

the bottOOI of tho Z-9 crib is listed in Table TU. 2-26 (p. III. 

2-51) as 38.0 kilograms, as if the last place were significant, 

i.e., es written Ule st,mdard meaning is thal the amount of 

plutonium iii precisely 38.0 kilograms and no• either 37.9 or 

38.1 kilogru111s. llowevor, A footnote indicat is that the true 

vnluo is unknown, but it is bolieve!i to b, between 25 kilo9rams 
R6 / 

11nd 70 kilograms.=' 

Furthennore , the dalu pu,sc:" ,tati.on is frequently 

inconsistent in the use of u1,it::; . For ini.tance, in one section 

x (II.1.1 . 4) which SW11111arizes inve,,tories of radioactive wastes, the 
I _. 
~ &111ount of plutonium-239 in solid waste& buried in the ground 

at the 200 Areas is listed in grams, or u11lt11 of mass. (p. II. l

i26) On the other hand, the am,1unt of plutonium-239 estimated to 

be in underground tanks by 198l' in the 200 Areas is given in 

curie&, or unita of radioactivity. (p. 11.1-127) For the expert 

who knowi.; that there c1re about-. 16 ')ram~ pet curie of plutonium-

239, it is possible to rnake lll• conversion from curie:.i to 9rdms 

for comp11rative purposes . Hm1- ver, the draft statement doe5 not 

present this conversion factor . nor d_oes it provide any other 

a •• iatance in this draft stateh~nt to assist the concerned citizen. 

.!Y 
The final report on the i ~vestigation of the Z-9 trench states 

that .. • (t)he best estimate i s t. •aat the plutor.iu- co:1ter.t in the t0r 
30 centimeters is about -1 0 J; i · ograr.as . It is unclear why the draft 
uaea the value 38 kilograms . llucloar Reactiv i_t.x._J:va!ua tions of 
116-Z-9 ~nclosed Trench , AR~-391, , p. C (Uecember 1973) , 

B. TIie Discns:don Of Si1111,le Factu11l Hat.l:f:r:. Is 

~ornetimcs Confu:.ing 

Of a somewhat different r,ature i~ the reporting of lhu same 

factual materi;1l difft>re.ntly in different sections. For instance, 

even with regard to such a simple question us the number of under

grouud tanks at Hanford, the draft statement is confusing. At 

pago I-1, the draft lists 152 tanks existing and 4 more under 

construction, for a total of 156 tanks. 871 But, Table II.1-4 

(p . II.1-72) mentions ·151 existing tanks with two new tanks under 

construction, for a total of only 153 tanks. A few pages later 

on, the draft states that there are five new tanks under 

construction (p. II . 1-78)~ In the ne~t chapter it is stated 

While at page V-16, 'We are told that at present there are 152 

tanks. Thus, depending on the section of the draft statement, 

there are from 151 to 153 existing tanks and from 2 to 5 tanks 

under construction. 

c . The Quality Of The Draft Statement Is Reduced 

By Unexplained Differences In Data Presentation 

flignificantly more serious than the draft's inability to 

keep track of th~ number of underground tanks, are the inconsis

ten_cies in assessing the environmental impact of the e{fluent from 

!1/ ~ssentially the s ame information is conveyed on page 11.1-33, 
if the fol lowi ng abs urd sentence is i ntcrpre tP.d a :; me ;in i.ng one of 
the five tanks t,;i:-, hocn completed: "l'ivP additional t.inl~~ of thi!, 
latter design are under construct i on , one: o( which was completed 
in Octobe r 1973 ." 
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tho N kt•actor to I.he 1301-U cril.,, which is ditwui.::;cd in 

several placcn. The firs~ discusfiion of the crib occurtJ in the 

second chapter. The discharge of radioactive s eepage from tho 

crib to the Columbia River is described as follows: 

•some flow from the crib and trench forms 
a surface seepage at the river bank re
ferred to as the N Arca Riverbank Springs . 
Over half the discharged water reaches the 
river in 4 to 10 days.• (p . II.1-57) 

Two specific points need to be made about the draft 

statement's analysis of the magnitude of this radioactive 

discharge to the River. First, the data concerning the time of 

travel of the diocharge and radioactivity from the crib to the 

River is not adequately in~erpreted. And, second, the amount of 

radioactivity discharged to the River via the crib appears to 

t,., .............. Liu,ate~ , . lua;h .i.t suits the pul~""'" uL d,., C:ondui;;slun. 

1. At page 11.1-57 the draft states that more than SOI 

of the discharge to the crib reache_s the River in 4 to 10 days. 

In the next chapter, the draft changes to an assertion that the 

minimum travel time for radionuclides between crib and River is 

3 to S days (p. 111.1-5). Yet a third formulation appears in 

the Appendix, where the draft estimates that about 201 of the 

discharge takes 2 to 4 days to reach the River. (p, II.l-D-51) 

These estimated periods for travel time between the crib 

and the River are, however, much shorter than the average flow 

time caiculated _on the basis of other information in the draft 

statement. By using 10.B feet per day as the average flow rate 

of the groundwater (p. II.3-0-44),and BOO feet as the distance 

fron, tho cd b lo the River (p. II. l-D-51), the average flow tim'l 

a;l,ould be ahout 74 daytJ. '.fhus, thu expected avcrll(JCJ f:low ti1nri 

exc<:cdn by u lurgc amount. tho actual flow . time for at leaat a 

major portion of Lhe discharge. 

In light of thio ~eemingly contradictory information in 

the draft statement and information in previous studies which 

measured the travel time of tritium in the discharge to be 79 

days, 881 a full explanation is needed of how such a large fraction 

of the discharge and some of the radionuclides released to the 

crib can now arrive at the Rive·r so fast, compared to averag-; 

groundwater flow rates. The draft statement should openly admit, 

if it is true, that sevcrenchanneling has taken place beneath 

the 1301-N crib and that 201 to SOI or 1110re of the discharge flows 

fairly directly irito the River, insteaa of 1noving through tha soil 

in such a way as to retard significantly the migration of radio

nuclides. If, in fact, there is substantial channeling, then 

even under the most narrow interpret·ation of the AEC's regulations 

the discharge to the 1301-N crib is to an unrestricted area. The 

draft statement should have explained, in this case, why the 

discharges to the 1301-N crib do not meet the criteria for re

leases to controlled areas contained in AEC Manual Chapter 0524. 

i. In 1972, about 7000 curies of H-3 and about ten curies 

of mixed radionuclides were released via seepage from the 1301-N 

BB/ J.R. Eliason, •Field Evaluation of Ground Oisposa~ of Reactor 
Effluent - 1301-N Crib,• BNWL-CC- 1032 , p. 4 (February B, 1967). 
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crib into the Columbia Jeiver . Additionally, in 1972 , the 

large Jischargo pipe for tho N Rcuctor's cooling water c a r r ied 

rdd i oaclivity i n recen t year s t o the c r Jb and to thu River, 

the draft a i;s umc:s, without explanation, ~hat a !l i milarly large 

about 1400 curieu ot mixed r adionuclides to the River. (p. Il. l-D-30) amount woulc1 not be relea!lcd in any tutur.c year to cithc r the 

In 1973, according to the drllft, about tB0 curies of 11- 3 a nd five 

curios of mixed ra4ionuclides seeped from the crib to the River 

(p. JI.3-D-52) For 1973 0 the draft also provides fi gures for 

the total number of curios actually released to the 1301 -N cri~ 

itself, indicating thllt more than 5500 curies of mixed rad i o

nuclides (including about 480 curies of 11- 3 ) were disc harge d into 

the 1301-N crib from the Reactor . Assuming similar behavior of 

the radionuclidcs in traveling from the .crib to the River e ach 

year, thou1anda of curies of mixed radionuclide& must have be e n 

discharged to the crib in 1972 as well as in 1973. 891 

··-.. --- the potential redu~~:un i n radioac t i vity 

released to the crib and to the River if the N Reactor d i d not 

operate, the draft apparently assumes that the N Reactor i s cur

rently discharging and would dischargo in the future (a l only 

200 curies of presuma bly mix ed radionuclide s (not inc lud ing 11 - 3) 

to the crib, (b) less tha n 500 curies of 11 - 3 to the groundwater 

(presumably meaning les& t han 500 curies of 11 - 3 to the 1301 -N 

crib), and (c) less than ten curies of pre s uma bly mixed radio

nuclides to the River. (p . V-11) In other words , although the 

N Reactor has apparen t ly been releasing thou sand s of curies of 

~ To some extent these Ja t a are i nconsi stent. The f ac t tha t 
7 000 curies of H- 3 appeared i n c ri b s eepage du r ing 1972 i mplie s 
that abou t 7000 c nries were di soha r9ed to t he cri b. Y"t in 197 3 
i t i s cla imed t ha t only 480 c urie::. o f 11 - 3 w.c r e d ischnrgu<I to t he 
crib , wh ich t hen e v idently seeped to t ho Hi vcr. There i:.. no 
explanation of this apparent dif f erence in tlic i1pp,1rent a mount o f 
tr i t i um r eleased to the crib ! :com year to yc.:ar in tho draft 
a t a t ement. 

crib or to the River i f the N Reactor iu operat ional. While 

this may be a conveniont assumption for the Comm i s s ion's 

argument that not much would be gained in terms of reducing 

radioactive release s if the N Reactor were shut down, we could 

find no justifi ca t ion of this assumption in the draft statem~nt. 

For instance, there is no listing of an effluent control project 

for the N Reactor during Fy 1973 to Fy 1975 which would accompiish 

this reduction, a lthough $42 mi llion of waste management projects 

are des~ribed, including s~me for the N Reactor . (p. V-25) 

The only other reverence we could find to any reduction 

.ua c,uJio,,c tivu a: 11 .1.uenc J.s the si1np1e assertion 1n a tootnote 

to Table III.1- 2 that, •The ~otal) annual discharg e s (from the 

N Reactor to the Columbia River) hawe been reduced to< 500 Ci/yr 

t ritium and< 10 Ci/yr of all other radionuclides after CY-1973.• 

(p. III.1-7) To achieve th i s result thousands of curies of 

radioactivity would have to be removed from the cooling water dis

charged to the River and the bleed water to the crib. 

At the least, there should have been an explanation of 

how th i s dramatic reduction in radioac tive eff l ue nts by thous a nds 

of curies wa s accomplished. However, it seems to us that the 

favorable numbe rs are s imply i n error . On Fe~rua ry 2, 197t, the 

Richland Ope rations Office, in an s wering one of our interroga torie s;~/ 

- 90/ 
- Suppleme n t to Defendants' Ans wero t c, Plainti f f:;' Int c rroga loric:; 
dated t'ebruary 22, 1974, at p. l, NiJtural ncsouTcc~ Ucfcr,::c Counci .1, 

Inc ., et al. v. nay , ct al., Civil Act1O11 No . 3924, C.D. Wi,!'.:h . (!111•d 
Aug . 1, 1973) . 
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stated t.h.il the: current schedule c,,llcd for: 340 curies of mixed 

radionuclicJes with half-lives over 1 year and 200 curies of 11-3 

to be discharged lo the 1301-H crib during the years 1974 , 1975 , 

1976, c1nd 1977. 

D. Some Purportedly Factual Statements Are 

Misleading 

An example of a seriously mislea~ing assertion in the 

draft statement is the-unreferenced claim in the Summary that 

•(s)tudies show that ~he effluents from 
up to nine plutonium-prod~ction reactors 
have had no harmful effects on the migra-
tion or spawning of salmon or produced 
any biotic dow_ngrading of the aquatic 
ecosystem in almost 30 years of plant 
operation and concurrent scientific 
observation.• (p. I-G) 

The purportedly supporting evidence is in the -next sentence : 

•An annual survey in the Hanford reach 
of the river shows a fairly constant 
increase in Chinook salmon nesting from 
the late 1940's up through the fall of 
1973." 

Thus, the conclusion that the thermal effluents were not deleterious, 

based soiely on the observation that the spawning fish population 

increased, is unwarranted. Indeed, additional information presented 

within the body of the draft 11tatement indicates that tho 

thermal effluents can be detrimental to iuvenile salmonids . 

(p. III . 1-61 . )j__y 

921 See, also, Comments of the u.s Department of the Interior on 
the draft environmental statement, Waste Management Operations, 
Hanford Reservation, Richland, Washington, p . 13 (December lJ, 
1974): • .• • Hanford area research •• • has demonstrated that 
the potential clearly exists under periodic conditions of river 
flow and temperature for lethal exposure of migrating juvenile 
salmonids to heated discharges.• 

Uowever, what the draft statement fails to point out is that this 

"marked increase of spawners ••• is most likely related to dis~ 

placement of fish due to inundation of previously productive areas. "!!_/ 

911 
AEC, draft environmental statement , Washington Public Power Sur,ply 

system, Projects 1 and 4, Docket Nos . 50-460 and 50-513 , p . 2-23 
(Dcc~mber 1974). 
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CONCLUSIONS AND RECOMHENOATlONS 

The draft env ironmental statement on the was t e management 

program at Hanford wa s written only after NRDC and four co-pl aint if fs 

brought a lawsuit to compel the AEC to meet its obligations under 

NEPA. For the reasons set forth above, we believe tha t t his draft 

statement falls far short of the strict standards that have been 

established by t he Counci l on Environmental Quality, the 

Environmental Protection Agency and the courts under NEPA. The 

draft statement does not even remotely approach ~chieving the 

prir.lary objectives for which it should have been written . If 

t he draft statement is to s atisfy the prov i sions of IIBPA, as the 

court order requires, it must be completely rewritten. 

The d=aft has performed, howeyer, one valuable serv i ce, 

it has puLlicly demonstrated t hat no coherent plan exii;ts for 

the safe 111anagcment of rad i oactive waste at Hanford unt il t hey 

decay to innocuous levels . Immediate action is, therefore, re 

quired on two levels. F i r s~ tho major failures of the d raf t 

stateme nt must be corrected to provide a full assessment of the 

pr~sent situation and to formu late a comprehensive program for 

ea fely m,,haginy the r adioactive wa s tes at llanford. Sec ond, on 

t he basis of infor~ation already available, certa in actions 

rnust be t a ken as s oon a a poss ible. 

A. Inde p e nd en t Revi.iw i s ne quired 

Ba sad upon ouc a na lysi s o f t he d r aft, the rev iew of 

Dlm0%0U I o t he r d o cuments and di scussio ns with scientists who 

are famJliar with t he situation at llonforcJ, ~,o belii!ve it woulil 

not serve a u&efu l purpose to have tho AEC (or its successor, 

ERDA) prepare e i ther a new draft or a findl environmental imp~ct 

statement on waste management operations at llanford. If the 

'present draft statement is any guide, it appears highly unlikely 

to us that the AEC personnel who have been responsible for waste 

management operations can fruitfully be asked to investigate 

themselve s. 

Moreover , dec i sions concerning waste management at Han

ford are currently be i ng made without the needed assessment of 

alternatives, in some cases possibly foreclosing the adoption 

of mor e environmentally sound policies. The curr.ent situation 

cannot be allowed to continue indefinitely on the hope that the 

NEPA. Traditiona l legal remedies to enforce NEPA compliance 

.s:-equ i ro time which we do not have . 

We do not s ay that the required programmatic statement 

under NEPA should not be prepared at all. On the contrary, we 

believe that it is crucial for a comprehensive, detailed state

ment to be written and circulated for public agency corr~ent. 

Extraordinary measures, however, are needed to achieve this goal 

and to achi e ve it quickly. 

We believe that only a n outside independe n t review holds 

a se r iou s hope of produc ing safer ma nag ement of llanford's va st 

quant i t ie s of radioact ive wastes . The two i nvestigation s o f t he 

Ge neral Accounting Office demonstrate the utility of outside 
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review:. in o!Jtaining be tter practices at llanford. In recent 

years, tho GIIO's findings and recommendations stand alone as 

reports which have resulted in Hignificantly enhanced protection 

to the environment and public health at Hanford. We also note 

that in their public statements, AEC bfficials have themselven 

aupported the value of outside review by independent groups. 93 / 

Wo therefore urge the Administrator of ERDA to convene 

as soon as possible an independent task force with a strong 

mandate to assess the current status of Hanford. It should 

publicly report its findings, and recommend changes in policies 

and procedures, where necessary, to increase the margin of safety 

and waste management opera~ions at Hanford . Such ' a course of 

action is clearly authorized by NEPA. 94 / 

The composition of the task force &hould retlect fully 

the large number of diverse issues that need to be addressed . For 

instance, the Department of Defense should be represented in order 

93/ 
- In discussing the advisability of periodic reviews of the AEC's 
radioactive waste management practices, William Lennemann then 
the Chief of the Chemical Processing Branch, Division of Produc
tion and Materials Management of the AEC, wrote in 19721 

•Periodic audits and appraisals by 
both management and independent 
groups provide valuable assistance 
and guidance in upgrading waste 
management operations, practices 
and controls.• W. Lennemann, £e · 
cit., supra note 17 , at 21. 

2.!/ See National Environmental Policy Act of 1969, SS l0l(a) 
l02(AT:° 102{C), 42 U.S.C. 4lll(a) , 4332(A), 4332(C) . 

to consider the need for continued production of plutonium-239 

in the N Reactor and to assess the risks posed by relatively 

vulnerable near-surface storage facilities to military attack. 

Appropriate federal security officials should be represented 

in order to evaluate security precautions to prevent theft of 

purified plutoni11111-239 and to prevent possible sabotage of 

waste storage facilities. Principally, however, competent 

9eqlogists, hydrologists, nuclear scientists, radiation health 

physicists, ·marine and radiation biologists, econ0a1ista, computer 

experts and policy experts from the Department of the Interior 

and the Environmental Protection Agency should sit on the taak 

force . 

Additionally, representatives fr<XII the States of Oregon 

from the public should be on the task force, in order to develop 

public acceptability of the final report and to ensure that a 

broad range of viewpoints i• adequately represented. If ~he 

task force is to be effective, it will have to have adequate 

funding for - staff and consultants and it will have to receive 

aubstantial administrative support from ERDA. 

We firmly believe such an independent investigation is 

required to assure a full and fair appraisal of the risks 

currently posed by radioactive wastes at Hanford, this apprais_al 

in turn represents the indispensable basis for analyzing available 

alternatives for safe ultimate disposal . 

Moreover, it is both appropriate and iJaportant to have 

a broadly based group evaluate acceptable long-term radioactive 
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wa11tc ra1111ag oment policy , hocauac the level of aafcty t!1a t iu 

doairablo involvcu value judgmcnt:i which lihould be broo1dly 

baaed. Onco tho compan1tivc riGkli and cholce::i have Lr,cn 

deacribod,these deciaion111 s hould not be coni;igncd oither to 

•cientists or to agency· off i cials. Tho answer to the quest i on , 

•11ow safo i• aafo enough?• must be answered by consensus and 

noc by a few with a vested i nterest. in a particular answer. 

B. ERDA Must Invnediately Construct New High

Level Haate Tanka, End Further Purex 

Reprocessing and Stop Deliberate Releases 

Of Significantly Radioactive Liquids To 

Tho Soil 

Baaed on the i~fonnation -- or lack of it -- i n the draft 

and in other AEC materials , wo think certain pr eliminary conclu

•iona can be drawn regarding the aubject of primary concern at 

Banford -- the high-level wastes, 

(1) Storing the highly leachable, moist-salt cake/sludge 

in the near-surface tanks which uither have already lost their 

integrity or will aoon loao it does not represent an acceptable 

plan for long-tenn disposal. Near-surface, in-tank disposal would 

violate the standards t he AEC has auggested for managing i ts own 

radioacttve wcastes and for managing the wastes gener•ted by the 

OOllllllercial sector . 

(2) Aa the tanks in which the high- level wastes are now 

atored continue to di s integrate , retrieval of the material will 

bec0111e either impoasible or extremely expensive and ha~ardous. 

(l) No pl ,1 n pre s ently exii;ts for ~ltimatc diGpo£al of 

thesu wastes. Gi ven t he need for extensive research and develop

ment to deve lop such a plan, it is unrealistic to expect that 

ultJmate disposal facilities, most probably in a geologic forma

tion, could be construote<l before several decaJes have elapsed. 

Based on these premises, we believe ERDA must immediately 

undertake a construction program to replace &ingle wall tanks 

which are about to fail or which can be expected to fail in the 

future in order to assure that the existing wastes ccan be retrieved 

at the time when an ultimate disposal plan is finally implemented. 

Unless the presen t tanks that have not ~et failed are replaced 

before they do, many options for the a•fe, responsible disposal 

of the wastes will be foreclosed. 

=~ ~ddit! =~, ~~ fu rther rcproccc~i~; =~=ul! t~ cnae:::ten 

at the Purex Plant until ERDA has developed a pian for ultimate 

disposal of the high- level pquid wute which would be generated 

and until sufficient storage capacity has been built to replace 

single wall tank s before they fail . As we pointed out in our 

comments on ·WASH-1539 on wastes generated by commercial nuclear 

power plants, no j ustification exists for producing additional 

high-level liqu id wca ste in advance of an assured means of 

permanently containing it. Since the plutonium generated in the 

N Reactor is not suitable for nuclear weapons and the Defense 

De partment ne eds no add i tional plu t onium at the pre sent time, 

no reas on exists for ope rating the Purex Plant in any event. 

Mor eover , any capacity in new tanks or o lder , structurally 

s ound tanks should be used on a priority basis fo r was te in 
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tnnku whc,sc, deter i.c,ration mily 1.0011 prc,cJ.mln n , lricval. Jt. :;ho11ld 

not be 111,cd for nc:w wastr, gem, r,,t1:d l>y furllwr Purex operation:.. 

In addil:.icm to the;i:e t:wo mi11imum requiremcntr. foe 

recponid bly deal inq with the high-level wastes, ERDA should 

commit itself to c.1 similarly responsible course in treating 

intermediate-level liquid wastes. The present practice of dis

posing of this waste directly to the soil has been continuously 

criticized for two decades. Existing regulations forbid this 

practice, and the AEC has acknowledged that it is technically 

feasible to stop it. Since lead time for planning and construction 

is substantial, EHOA must commit itself immediately to funding 

effluent reduction programs for the N Reactor and the Purex 

Plant if either operates beyond their presently planned shutdown 

in ~ Q"J-, 

In our opinion, these three steps -- a high-level waste 

tank construction program, an end to further reprocessing, and an 

end to the deliberate release of significantly radioactive liquid 

waste to the soil -- must be taken immediately. They would at 

least vreserve ERDA's capability to manage safely the high-level 

wastes and would end at last the deliberate and routine release 

of significantly radioactive material to the environment. Further 

major decisions may then be deferred until the complete investi

gation of Hanford's waste management practices requir~d under NEPA 

has been completed. 

After 30 years of inaction, the time available within which 

to make decisions has grown short. The immediate actions which 

we have recomr,1ended will mitigate some of the more severe long-term 

ha;,;ards posed by further delay. But EltDA must stop making 

decisions based on the need to avert immediate crises and begin 

a process of responsible and rational decision-making. The 

independent review and interim actions discussed above repre-

1ent the necessary first steps in this process. They also 

represent, in our judgment, the minimum action required if ERDA 

is to fulfill its responsibilities under NEPA and under the At011ic 

Energy Act. 
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EXHIBIT 26 

U . & . DEPARTMENT OF TRANSPORTATION 
l'EOERAL HIGHWAY AOMINl&TRATION 

412 Mohawk Building 
222 S. W. Harrison St. 
Portland , Oregon 97204 

January 20, 1975 

IN 111,LY ACIIII TO 

IOED.3 

Dr. J . L. Llver111an 0 Assistant General Manager 
for Biomedical and Environmental Research 
ind Safe ty Programs 

U. S. Atomic Energy Corrrnlsslon 
Washington, D. C. 20545 

Dear Hr . Llvennan: 

The U. S. Department of Transportation has completed Its review of 
your draft environmental statement for Hanford Reservation Waste 
Hanage111ent Operations . This review was coordinated with Region X 
U. S. DOT agencies , Incl uding the U. S. Coast Guard, Federal 
Railroad Administration , Federal Highway Administration and 
National Highway Traffic Safety Administration. 

The attached collfllent report was prepared by Deputy Regional Federal 
tlignway 1101111 11i scracor 11 . uaon t..reen ena represents cne cooratnaceo 
response of all t he above DOT agencies and this office .. Please 
advise If we can be of any further assistance In your efforts 
regarding this proposal. 

We appreciate the opportunity to review this statement . 

Attachment 

~~ tra;;;J~ 
H. [~Green , Deputy 
Regional Administrator 

for: Don Samuelson , Regional Representative 
of the Secretary of Transportation 
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EXIIIBIT 26 (Continued) 
U. S. Oepartment of Transportation 

Region X Conrnent Report 
on 

Atomic Energy Conmfsslon 
Draft Enyfronmental Statement 

"Waste Management Operations -
Hanford Reservation, Richland, Washington" 

prepared by 

Deputy Regional federal Highway Administrator 
H. Eldon Green 

for 

Don Samuelson 
Regional Representative of the Secretary of Transportation 

I 
January 17, 1975 

~ lysts and Recollllll!ndatfons: If the Atomic Energy Co11111issfon continues 
e sting Hanford Reservation waste management operations as proposed 

fn this draft environnental impact statement, then the U. S. Department 
of Trt1nc~nrtat:irm "'""11 .. ,,_.~ no further 1r.tere:~ 1;-: :~.!:; prc.~v;al . 
Current AEC policies, criteria and standards for management of high
level liquid radioactive wastes do not allow transportation offsfte. 

However, if Hanford Reservation authorities are faced with a shut-down 
of the N Reactor and the Purex Chemical Processing Plant and nuclear 
fuel fs shipped offsfte for processing, then close coordination between 
AEC and the U. S. Department of Transportation would be required regard
Ing transportation and handling of hazardous materials. This should 
be so Indicated in the final environmental statement. 

We presume shipment would be by rail . The final environmental statement 
should Indicate the method of shipment, how and what precautions would 
be observed fn the transport of the Irradiated fuel . The federal 
Railroad Administration advises that the transportation of radioactive 
materials by rail is considered to be a safe method if all of the . 
present federal regulations are complied with . This must be accomplished 
not only tu, the carrier involved but also the material must be properly 
prepared for shipment by the consignor. 

Leakage from an overfilled railroad tank car should not or could not 
occur if such shipment were supervised by knowledgeable personnel 
1cquafnted with the physical characteristics of the material . There are 

· 2-

definite standards to provide proper outage to avoid such spills or 
leakage through the various outlets, whereas the internal pressure 
ts increased by rising atmospheric changes . This can also be con
trolled by providing Insulated tank cars for such shipments. 

There ts, of course, the ever-present potential hazard due to the 
possibility of a derailment, accident or fire which could cause the 
tank to rupture . The AEC and other agencies are equipped to handle 
such situations i f properly notified. Thus , ft fs the federal 
Railroad Administration's viewpoint that rail affiliated incidents 
are Infinitesimal other than as noted above. 

If Hanford Reservation authorities are faced with the ultimate dis
posal of hl~h- level wastes, packaging and shipment to an offslte 
repository (alternative 14, p. V-22), then we reconrnend the final 1 

environmental statement Indicate that any AEC Investigations for such 
packaging and transport of wastes would be coordinated with the . 
U. S. Department of Transportation . The draft environmental state
ment appears to indicate the transport mode cannot be determined at 
this time by AEC without completion of extensive research and 
development activities. 

The sunmary to the draft environmental statement, pages 1-1 through 
1-12, did not contain a list of those agencies, groups and individuals 
to whom the statement was furnished for review and cormient . We 
suggest tnis be s11ow11 iu i.i,., final envlronm;;r.ta1 st .. ~ .. ,;..,nt jlursuaitt· 
to Council on Environmental Quality guidelines (p . 20557 of the 
August 1, 1973 federal Register - Vol . 38, no . 147 - ".Appendix r -
Sun,nary to Accompany Draft and Final Statements"). This would show 
AEC's coordination effort with those agencies having jurisdiction 
and special expertise on the transportation and handling of hazardous 
materials (p . 20558 of f .R. Vol. 38, No . 147 dated August 1, 1973) . 
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EXMIBIT 27 

Natural Resources Defense Council, fnc~ 

.,. __ ,,_,,,.,. 
,,, •1·n 1 u••••• •·•· 

WAIMlti,eTUN, ... , 1uoa1 .... ,.,-, ... . 

66. HAMILTON AVlNUI. 

PALO ALTO, CALlt·. 94501 

~•a 517-1ulu 

January 21, 1975 

Dr. Jamea L. Liverman 
Aaaiatant General Manager for 

Biomedical and Environmental 
Reaearch and Safety Programs 

u. S. Atomic Energy Commission 
Haahington, D.C. 20545 

Dear Dr. Liverman, 

N,w r..,a Oflu 

II WIUT ,f11 11 l "fAR~T 

JUW ,oaa, 1111.Y. IOOJb 

... 16t,-0150 

Purs, ... n.,_, .,n ,41) F . R. 1116 , T ••1br>II., .. h .. ~nc].oeed 
comments on the Draft Environme nt al Statement Waste 
Mana ement o eratlons Hanford Reservation{ Richland, 
Was ngton, of L eutenant Co one Arthur S. 
ICubo. 

TRL1ko 

Bnclosure 

~-R,~ 
Terry R. Laah, Ph.D 
Staff Scientist 

cc1 Lieutenant Colonel Arthurs. Kubo 

~ 
~ 

HADN-t' 

Dr. Terry R. Lash 
Staff Scientist 

DIEf'ARTMIENT OF THIE ARMY 

UNITCD 6TATIE5 MILITARY ACADCMY 

WIUiT l'OINT, NCW YORK 1011116 

RECEIVED 
JAN 1 '/ 1975 

NR DC· CALIF. 

15 Janwu-y 1975 

Natural Resources Defense Council, Inc 
664 H&Jllilton Avenue 
Palo Alt.o, CA 94301 

llea.r Dr . Luh: 

RE: Ora.ft Envl ronrnente.l Statement, 
Waste 11.an~ement Operations, 
Hanford Reeervation 1 Richland, 
Wuhingtoif- · 

l a.ppreciate this opportunity to COOi/Dent on tho Dra1't Envirorunental 
! • pact Statement ·(EIS) concerning radioa.ctive vute me.naaement opera
tlona at the Hanford Reservation. Exigencies cau&e these too brief 
COIM~nte to he ne.rrovly focused on the on-going and proposed high
level va.ste m&n118ement program. 

Cn,nrf •• ,., ttl .. ffpJ\!'ri, ... -1 hf:h-1.f!Vr!l W&!'ltf'! •u,.nae~~--+. r-- ..... :';-:-.- 9!~:"!ta 
tova.rds invnobilt:r:ing the highly toxic liquid wutes tor the near-tel'III, 
while deve l oping a long-term disposal strategem. Whether the long
term can be achieved and the propriety of ultimate tank storage a.re 
11\Y lllajor concern•• 

l. J find that tho near-tenn, sa.lt cake solidification goal 
perhsJis sub-optimal, and suggest the foll<Ning for conatderation: 

•• The EIS make • reference to tho deteriorated condition 
of the wa1te . tank liners; the &hort steel liner lite; the interstitial, 
hie;hly caustic residuU/l\; and the difficulty or recovering solidified 
wastes from deteriorated tanka. These factors invite speculation on 
the unprobable thoUBh possible breach ot conta.ln~ent and the sequence 
ot actions that t'ollO\/ . Although alluded to (III.2 . 4 Salt Cake Storaae 
Tank DoDte Failure), no statement of defini tlve contingency i:,lanning 
la made Jn the EIS as to hov the salt cake vill be retrieved nor where 
11uch a. le.ree volume of highly toxic, friable and water aolublo 111e.terial 
will be atored, (See 2.c.) 
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EXHIBIT 27 (Continued) 

Ur. Terry n. l.aah ? 15 January 1975 

b. The propo:ial to continue reproce:.:ilnr. of spent H 
lleactor fuel :ihould be recon:ilderc•I (V.2.l and V.? . ).2 . 2). To he oure 
thr. Incremental savl nr.:i J n :itoror,r. requi remcntc If rc)'roccnalnP, I a 
Jlncontlnued Is :.mall, forgoin1t 1nvned1ate reproces:ilnP. would prcel111lP. 
the prn<luction of the Mre c.Ufflcult to ir.nnage roeutralizcd wastes. 
A lthour,h rcqul ring reso I utlon of a fc11 encineerlng obstacles, this 
course a:.si&ts the overall scheme; it will (a) reduce the volume and 
storaee requirement of diluted neutralized hJgh-level wastes*, (b) 
preclude strontium and cesium removal because of the longer pre
processlnc &torage period, (c) leave open the option of transhlpping 
the spent fuel to a commercial reprocessor, and (d) permit on-site 
rcprocessinn and direct solidificatlon if the high temperature melt 
formation processes (v.2.1,.3) are eventUAlly utilized at Hanford. 

c, Of 1110st serious concern is the unaddressed question, 
"1Joes this present solidification pro11ram permit the ultl111&te disposal 
alternatives) and 4 (V.2.5)?" (See 2.b. below.) 

2 . The ultimate waste disposal alternatives sugr.ested for the 
Hanford FacHity are unfortunate. 

a. The ta.xono111Y of alternatives appears based on an 
escalator.v philosophy of decision making, one of minimizing the 
current cost s~bject to public acceptance. This vie11 does not clearly 
address the totality of safety issues toda,y and In the long-term future, 
lonp,-tcrm surveillance and monitorlnY, requlreaents, and the antici
pated total cost of each alternative that accounts for not only the 
larP,c initial capital costs but properly reflects annual operating 
and malnlcnance costs plus capital replace111Cnt costs in perpetuity. 
Thl:J narro11ing accentuates the fact that if waste r.,anagement 1& not 
funJeJ on a current basis (with on-going prograi:,s), after-the-fact 
co:its dl:.tort the decision aakin8 process. Thi• aspect has a close 
analncy In Lhe conmercial high-level 11aste manaaement program, and I 
,:reatly fear thal an acrlir.onious public debate on the utilization of 
Interim :;tnrnce fncll itles (as they were ori1tinally desi11nated) as 
final disposal resposltories will make current E:RDA (AEC) argument on 
the creation of federally administered interim storage facilities less 
credible nnd even moribw,d. •luch as the Lyons Repostory had fla11a, 
the Idea of ultimate disposal in near surface storage tanks is egre
(!ious, technically, socially I and environaentally. In this matter I 
feel that ERDA would do well if it directly pursued alternative 13 
(V.2,5) as a minimum rather than the more circuitous course of action 
proposed~ 

~ Footnote : A gros,i Initial savings of 15 to 20 million dollars . 
t'rom this must Le cuLtracted the cost of interim storar,e and the Incre
mental handlinn cost:; not realized if the current progr11111 continues. 

Or. Terry R. Lash J 15 January 1975 

b. The di fflcultleo of nlterlnr~ the manor,ement scheme 
fwm In-tank ::oli<llficatlon (nlternatlve11 1 1111d ?.) to out of tanlt 
oolldll'l<:atlon, packar.inr:, 1111d dlr.poaal (alternatives 3 and 4) have 
not hecn atldre:ised, Ancillary to the waste recovery i1111ue cited in 
l.a. above, ta the operational dlt'ficulty of re~ovin~ the salt cake 
and decOITlllissiontng the storll8e tanks. The anticipated condition• 
of tho carbon-steel tank liners cause standard sluicing and decon
tar.1ination techniques to appear infeasible. A more complete analysia 
of this difficult transition la necessary prior to assuming that 
alternatives 3 and 4 are possible if current solidification practice• 
continue. 

In conclusion, I find that for all that was written, the di •cua• ion 
of lhu ultimate disposal altematl vea and how present operation• 
enhance ultimate safety or the Hanford facility await better re •olution. 

Thank you very .,uch for this opportunity to assist Jn thla important 
.,attr.r . no not hesitate to contact me if I ce.n be or further 
aosiatance. 

Host aincerely, 

-LTC, EN 
Aa• iatant Professor or 
Nuclear £nnineering 
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EXHIBIT 28 

STATE OF WASHINGTON 2] 

OLYMPIA G; , .. . 

a ., 

. .. .. ,:,:.,:'( 

January 18, 1975 
Hr. Paul Bender , Secretary 
U.S. Atomic Energy Commi ssion 
Washington, D.C. 20545 

Dear Hr. Bender 1 

We have received the draft environmental impact 
statement wuastes Hanagement Opera t ions, Hanford 
Reservation, Ri chland , l·lashington w (l~ASll-1538). 
Thi& draft statement has been reviewed and the 
state of 1-/ashington has no comment to make at 
tht" t!mfl. 

Notice has been received of hearings concerning 
this statement to be conducted in Richland, 
Washington on January 21, and Portland, Oregon 
on January 23 . 'l'he state of Hashington will 
be represented by f'red Adair, but the state 
doe& not plan to present a statement. 

~~~ -. -~=i~ 1 

Evans 
Governor 

DJE1blr 
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GLOSSARY Of TERMS 

The explanation of terms used In the Hanford Environmental Impact Statement Is 

prepared according to the general usages developed during operations on the 

Hanford site. Where possible, the explanations are developed also in accordance 

with established standards. 

The information ls arranged alphabetically, including terms which are con

structed by joining several words. For example, "salt cake" ls listed under s 

and "ICM-level waste" under I. 

A 

abiotlc - caused by non-living entities 

activation - the induction of radioactivity in material by irradiation with neutron 
radioactive material, a radiation generating machine, or a nuclear reactor 

activity- a measure of the rate at which a material is emitting nuclear radiations; 
usually given in terms of the number of nuclear disintegrations occurring 
in a given quantity of material over a unit ot time, the standard unit of 
activity is the curie (Cl) 

adiabatic lapse rate - the rate of decrease of temperature with height of dry air 
lifted with no external heat losses or gains through an atmosphere in hydr~ 
static equilibrium 

alpha radiation - an emission of particles (helium nucleO from a material 
undergoing nuclear transformation: the particles have a nuclear mass 
number ot four and a charge of plus two 

alpha waste -waste material which is contaminated by radionuclides which emit 
alpha particles, particularly transuranic elements 

anastomosing channels - branc!"ling or interlacing channels forming an inter
connecting system 

anticline - an uparched fold in which the rock strata dip away fron the fold's 
axis; the opposite of syncline 

antithetic - as applied to fa~lts . indicates faults with dips in the apposite direction 
from the dip ot the enclos ing rocks 

aquifer - a subsurface formation containing sufficient saturated (Jermeable 
material to yield significant quantities of water 

atomic number - the number of protons in the nucleus of each chemical element 

alluvial fan - rode deposit laid dC1Nn· by streams flowing from mountains into IC7N· 
land regions 

B 

background radiation - the level of radioactivity in an area, which is produced 
by sources other than the one of specific interest; in the Hanford region, 
the background radiation is oroduced by naturally occurri ng radioactive 
materials in the crust of the earth, cosmic radiations, and the fallout from 
nuclear weapons tests 

base case - the activities as presently planned; in environmental impact consider
ations and cost/benefit analyses, the detailed plan of actions for which impact 
is assessed and to which reasonable alternatives will be compared 

benthic organisms (benthosl - those organisms dwelling on the bottoms of bodies 
of water 

beta radiation - essentially weightless charged particles (electrons and positronsl 
emitted from the nucleus of atoms undergoing nuclear transformation 

g-1 
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bioconcentration lbioaccumu lation) - the process whereby an organic system 
selectively removes an element from its environment and accumulates that 
element in a higher concentration 

biological oxygen demand (BODI - a measure of the organic pollution of water, 
determined by the extent to which bacteria and other contained organisms 
in a water sample will use dissolved oxygen in a given period of time; there
fore, a measure of the residual oxygen in the water for use by other organisms 
such as fish 

biomass - the total mass of living and dead organisms present in an area, volume. 
or ecological system 

biotc1 - the plant and animal life of a region 

biotic - caused by living organisms 

body burden - the amount of a specified radioactive material or the summation of 
the amounts of various radioactive materials present in an animal or human 
body at the time of interest 

boiling waste - high-level liquid radioactive waste containing radionuclides 
(principally 9usr and l37cs) which provide sufficient decay heat to be near 
the liquid's boiling point: such liquid usually requires some supplementa l 
means of cooling 

bottoms (tank) - the more concentrated material remaining in Hanford high-!evel 
liquid radioactive waste ta nits after the bu lit of the contents have been pumped 
out for solidification or transfe r to other storage tanks : also refers to specific 
tanlts used to collect such bottoms waste from several other tanks 

breccia - rock composed of angular fragments cemented together 

burial ground - an area specifically designated for the subsurface disposal of solid 
waste or excess m~terials: at Hanford such sites are used to temporarily isolate 
the material from the environment 

llyproduct material - radioactive material produced in a nuclear reactor, ancillary 
to the reactors main purpose of producing power or fissile materials: fission 
products are usually considered to be byproduct material 

C 

caisson - a vertically oriented cylindrical structure used for the subsurface 
disposal or storage of materials 

caliche - an accumulation of calcareous material formed in soil or sediments in 
arid regions 

cask - a container designed for the transporting of radioactive materials, the 
design usually includes special shielding, handling, and sealing features 
to provide positive containment of the materials and to minimize exposure 
of personnel 

chemical oxygen demand (COD) - a measure of th! extent to which all chemicals 
contained in a water sample use dissolved oxygen in a given period of time: 
therefore, a measure of residual dissolved oxygen in the water available for 
use by organisms Sl/Ch as fish 

chemical processing - chemical treatment of materials to separate specific usable 
constituents; at Hanford, the separation by chemical means of plutonium from
uranium and fission products resulting from irradiation of the uranium in a 
nuclear reactor 

coliform (count, number) - a measure of the bacterial content of water: a high 
coliform count indicates potential contamination of a water supply by human 
waste. 

concentration guide - the average concentration of a radionuclide in air or water 
to which a worlcer or member of the general Po!)ulation may be continuously 
exposed without exceeding appropriate radiation dose standards (see maximum 
permissible concentration) 

g-2 
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confined aquifer - a subsurface water bearing region having defined relatively 
impermeable upper and lower boundaries and whose pressure is significantly 
greater than atmospheric throughout 

contamination (contaminated material) - the deposition, salvation, or infiltration of 
radionuclides on or into an object, material, or area whereupon the area, 
material, or object is considered "contaminated" 

controlled area - any specific region of the Hanford Reservatioo into which entry 
by personnel is regulated by physical barrier or procedure 

counts per minute (cpml - the number of events per unit time recorded by an in
strument designed to detect radioactive particles; especially used to indicate 
the relative amount of radioactive contamination 

crib - a linear excavation of about 15 ft in depth along the bottom of which is laid 
a perforated pipe, after which the ditch is backfi fled with broken rock or other 
loose material and then covered by soil and a membrane which is impermeable 
to liquids; the pipe is then used to distribute intermediate-level liquid wastes 
along the crib 

critical - the condition in which a material is undergoing nuclear fission at a 
self-sustaining rate; the critical mass of a material is that amount which 
will self-sustain nuclear fission when placed in an optimum arrangement 
in its present form: the minimum critical mass is the amount of a fissile 
isotope that will self-sustain nuclear fission when placed in optimum condi 
tions 

criticality safety - those procedures and understandings necessary to the handling 
of fissile materials in a manner that will prevent them from reaching a critical 
condition 

curie (Cll - a unit of radioactivity defined as the amount of a radioactive material 
that has an activity of 3.7 x 1010 disintegrations per second (dis) ; millicurle 
(mCll • 10-3 curie: microcurie wen-10-6 curie: nanocu rie (nCD • 10-9 curie; 
picocurie (pCD • 10-12 curie; femtocurie (fCil· 10-15 curie 

D 

daughter products - the nuctides formed by the radioactive disintegration of a 
first nuclide (parent) 

deactivated - the condition of a facility or disposa l site where steps have been taken 
to preclude further operation or the further addition of waste materials 

decay chain - the sequence of radioactive disintegrations in succession from one 
nuclide to another unti I a stable daugl"tter is r~ached 

decay heat - the thermal energy produced in a material by its own radioactive 
disintegrations 

decontamination - the selective removal of radioactive material Iron a surface or 
from within another material 

decommissioning - the process of removing a facility or area from operation and 
decontaminating and/or disposing of it or placing it in a condition of standby 
with appropriate controls and safeguards 

diastrophism - the process by which the crust of the earth is deformed producing 
mountains, faults . etc. 

dielthermal region - that portion of a body of water whose temperature varies with 
the daily fluctuating light cycles 

dip-slip fault - a fault in which one wall has moved up or down the face of the 
fault relative to the other: contrasts to strike-slip fault 

disintegrations per minute (dpml - the number of radioactive dec~y events 
occurring per unit time in a given amount of material 

disposal - the planned release or placement of waste in a manner that precludes · 
recovery 

g- 3 
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ditch - a Ii nearly oriented excavation; often used for the temporary diversion or 
disposal of process waste streams 

dome - a roughly symmetrical upfold (anticlinal upliftl with beds dipping radially 
outward with roughly equal amounts from• given point: with the development 
of an axis , a dome becomes an anticline 

dose - a general term indicating the amount of energy absorbed from incident 
radiation by a specified mass 

dose commitment - the integrated dose which results from an intake of radio
active material when the dose is evaluated from the beginning of intake to 
a later time (usually 50 years); also used for the long term integrated dose 
to which people are considered committed because radioactive material has 
been released to the environment 

drum - a metal or composition cylindrical container used for the transportation, 
storage, and disposal of waste materials 

dry well - a bore hole that does not sink deep enough to reach goundwater: used 
to monitor the movement of liquid waste released near the surface and to 
check for possible leaks in underground waste storage tanks 

dummy - a mock-up of a production reactor fuel element, which contains no 
uranium and is used only for spacing fuel 

E 

ecology - that branch of biological science which deals with the relationships 
between organisms and their environment 

ecosystem - an assemblage of biota (community) and habitat 

enterococci (count) - a measure of the number of a particular group of bacteria 
present in a water sample: these bacteria are associated with the fecal material 
of warm blooded animals . an indication (more speciiic than coliform count) of 
potential contamination of water by human wastes 

environmental surveillance - a program to monitor the impact on the surrounding 
region of the discharges from industrial operations 

evapotranspiration - the combined loss of water from soil by evaporation from the 
soil and from the surfaces of plant structures 

excursion - a sudden rapid increase of pCMer produced when a reactor or other 
system of fissile material undergoes a sudden increase in reactivity 

exposure - the condition of being made subject to the action of radiation 

F 

fallout - those radioactive materials deposited on the earths' surface and in the 
atmosphere following the detonation of nuclear weapons 

fanglomerate - a mxiture of heterogeneous sediments originally deposited in an 
alluvial fan, subsequently cemented into rock 

fast flux (fast neutron) - a stream of neutrons having energies (velocities) near 
that imparted to them by a fission event: when applied to nuclear reactors , 
refers to those using high velocity neutrons to cause successive fission events 

feral - existing in a natural state 

fertile isotope - a nuclide which is particularly capable of being transmuted into 
another useful nuclide (especially 238u which is transmuted in production 
reactors to plutonium) 

fissile - material capable of undergoing fission by any process 

fissionable - material cat)clble of undergoing fission by slow neutrons 

fission (nuclear) - the division of a nucleus into two nuclides of lc,,yer mass, 
usually accompanied by the expulsion of gamma. rays and neutrons 

fission products - the nuclides formed by the division of a heavier nucleus; most 
usually in a nuclear reactor · 
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five hundred year storm - those weather conditions which are characteristic of 
the worst storm having occurred in an area at any time during the past 
~ years: used to indicate the probability of recurrence 

food-chain - a linear sequence of successive utilizations of nutrient energy by a 
series of species 

food-web - the conCl!pt of nutrient energy transfers (including decomposition) 
between species in an ecosystem 

fractionization - the process of removing specific constituents (such as strontium 
and cesium) from liquid waste 

French drain - a rock fi tied encasement with an open bottom to allcw seepage of 
liquid waste into the ground 

fuel (nuclear, reactor) - fissionable material used as the source of power when 
placed in a critical arrangement in a nuclear reactor 

fuel separation (fuel reprocessi ngl - processing of irradiated (spent) nuclear reactor 
fuel to recover useful materials as separate products, usually separation into 
plutonium, uranium, and fission products 

G 

gam·ma radiation - electromagnetic energy emitted in the process of a nuclear 
transition 

gamma scan - process of measuring the energy spectrum of the gamma rays emitted 
by a material in order to determine its constituent nuclides 

gastronitestinal dose (G ll - the dose to the stomach and lo.ver tr2ct of humans and 
animals via external exposure or via ir:iternal transport at radioactive material 

GeigerMuller Tube - a gas -filled tube used to detect radiation events by the 
ionization pulse produced in the gas; .used oA a GM counter 

glacio-fluviatile - pertaining to streams flowing from glaciers, or the depos its made 
from such streams 

graben - a geological structure which is a generally linear block bounded by fau lts 
on each side, along which the block has dropped, relative to the sides 

groundwater - water which exists or flCN1s belcw the surface (within the zone 
at saturation I 

H 

habitat - the abiotic characteristics of the place where biota live (see community) 

half-life - the time required for the activity of a radionuclide to decay to half its 
value; used as a measure of the persistence of radioactive materials, each 
radionuclide has a characteristic constant half-life 

high efficiency particulate air filter (HEPAI - an air filter caoable of removing at 
least 99. 97"fc of the particulate material in an air stream 

high-heat waste - liquid radioactive waste which generates sufficient fission 
product decay heat to cause self-boill ng and self-concentration (see self
boill ng wast el 

high- level liquid waste - fluid materials, disoosed of (by storage in underground 
tanks) from Hanford ooerations, which are contaminated by m-eater than 100 
1,1Cl/ml of mixed fiss ion products or more than 2 µCi/ml of 137 Cs. 905 r, or 
long- lived aloha emitters 

hood - a canooy and exhaust duct us~d to confine hazardous materials in order to 
reduce the exposure of industrial workers 

hydraulic conductivity - the parameter relating the volumetric flux to the driving 
force in flON through a corous media (particularly water through soill: a 
function of both the porous medium and the properties of the flu id 
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hydraulic potential - a measure of the force present to cause groundwater flow: 
related to the height of the column of water above the point at which the 
ootential is being measured and the elevation of the point relative to mean 
sea level 

liydrostatic equilibrium - the state of a fluid where no relative motion occurs 
between fluid elements and the pressure at any point is equal to the weight 
of a unit cross-section of a column of fluid above that point. 

hypothetical maximum individual {max man) - a postulated person who is assumed 
to receive tne maximum credible radiological cost: through each of the exposure 
pathways from the source being considered {such as swimming often in a body 
of water, eating large quantities of fish obtained from that water, and drinking 
a large amount of water from the same source) 

inactive - the condition of a facility or disposal site which is not presently being 
ooerated or to which materials are not being added 

intermediate-level liquid waste - fluid materials , disposed as a result of Hanford 
ooerations , which contain from 5 x 10-5 µCi/ml to 100 µCi/ml of mixed 
fission products, including less than 2 µCi/ml of 137 Cs, 90s r, or long-lived 
alpha emitters 

inversion - a condition where temperature increases with height in the atmosphere 

ion exchange - process for selectively removing a constituent from a waste stream 
by reversibly transferring ions between an insoluble solid and the waste stream: 
the exchange medium (usually a column of resin or soil) can then be washed tc 
collect the waste or taken directly to disposal: for example, a hot water softener 

irradiation - exposure to radiation by being placed near a radioactive source: usually 
in the case of fuel materials, being placed in an operating nuclear reactor 

isokinetic - a line in a given surface connecting points with equal wind speed 

isopleth - a line connecting all points of equal air concentration in plotting that 
air concentration at ground level as a function ot direction and distance from 
a point of release · 

isotherm - a line joining points having the same temperature 

isotope - nuclides with the same atomic number, (i.e . . the same chemical element) 
but with different atomic masses : although chemical properties are the same, 
radioactive and nuclear properties may be quite different for each isotope of an 
element 

K 

K ff {multiplication factor) - a measure of the degree of seouential change in the 
e number of fission events in a system containing fissionable material: when 

the multiplication factor is one or greater, a self-sustaining chain reaction 
is possible; defined by the ratio of the average number of neutrons produced 
by fission in each generation to the total number of corresoonding neutrons 
lost by absorption and leakage 

knuckle - point where the side wall and the l:xlttom curved surface of the tank meet 

L 

leaching trench - an excavation used for the disposal of liquids so that the soi I 
will remove contaminants while allowing water and other solvents to pass 
through 

lithologic - pertaining to the g,aracteristics and study of rocks 

loess - a homogeneous, nonstratified, unindurated sediment, largely silt. deposit
ed primarily by~he wind 
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long-lived isotope - a radioactive nuclide which decays at such a s lc,,y rate that a 
quantity of it wi II exist for an extended period: usually radionuclides whose half
life is greater than 3 years 

low-heat waste - liquid radioactive waste which does not generate sufficient 
fission product decay heat to boil or self-concentrate 

low-level liquid waste - fluid materials, disposed of at Hanford, which are con
taminated by less than 5 x 10-5 µCi/ml of mixed fission products 

M 

macrophytes - the plant life of a body of water which is larger than microscopic 

man-rem - used as a unit of population dose; often the average dose per individual 
expressed in rems times the population affected 

maximum permissible concentration (MPCl - the average concentration of a radio
nuclide in air or water to which a worker or member of the general population 
may be continuously exposed without exceeding an established standard of 
radiation dose limitation 

metasediments - sedimentary rocks, such as sandstones and shales, that were 
subjected to metamorphism sufficient to modify but not to obliterate evidence 
of their sedimentary origin 

metavolcanics - volcanic rocks . such as tufts and lavas. that were subjected to meta
morphism sufficient to modify but not ollliterate evidence of their volcanic origin 

monociine - a dc,,ynward flexure in otherwise horizontal strata without any corres
ponding upfotd to form a syncline or anticline 

N 

neutron - a particle existing in or emitted from the atomic nucleus; it is electrically 
neutral and has a mass approximately equal to that of a stable hydrogen atom 

neutron activation - the process of irradiating a material with neutrons so that the 
material itself is transformed into a radioactive nuclide 

nitrogen oxides (NOxl - a mixture of nitrogen -oxygen containing compounds formed 
as gaseous waste effluents during the combustion of most fossil fuels 

nuclear fission - see fission 

nuclear radiation - particles and electromagnetic energy given off by trar.sformations 
occurring in the nucleus of an atom 

nuclear reactor - a device constructed of fissionable material such that a chain oi 
fission events can be maintained and controlled to meet a particular purpose 

nuclide - a soecies of atom having a soecifl.c..-mass, atomic number and nuclear 
energy state 

nucleus - the positively charged center of an atom 

p 

palaqonite - a hydrated basaltic glass that, in the Pasco Basin, was commonly formed 
when molten basalt entered water: indicative of an aqueous environment. often 
associated with pi IJc,,y lava 

partitioning - the process of separating liquid waste into two or more fractional 
solutions 

penetrating radiation - forms of radiant energy which are capable of passing through 
significant thicknesses of solid material: these usually inc!ude gamma ra1s, x rays 
and neutrons 

periphyton - organisms that live attached to underwater surfaces 
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permissible dose - that dose of ionizing radiation which, in the light of present l<ncw
ledge, carries negligible probability of causing severe somatic injury of genetic effect 

pH - a measure of the re lative.acidity or alkalinity of solution; a neutral solution has a 
pH of 7 acids have pH's of 7 to 1, bases have pH's of 7 to 14 

phytoplankton - microscopic plants that live drifting in a body of water 

pillcw lava - basaltic material congealed in rounded masses, indicative of submarine 
flews or eruptions 

population dose (population exposure ) - the summation of individual radiation doses 
received by all t:iose exposed to the source or event being considered 

power reactor - a nuclear reactor designed to produce heat for conversion to electrical 
energy or mechanical propulsion 

present worth - the present worth for a series of expenditures related to a plan of 
action is the amount of money that would need to be invested on a certain date 
at a fixed rate of interest in order to provide the required funding to accomplish 
the action; at the end of the action, the balance of invested money has been re
duced to zero and the amount of money invested plus the interest on that money 
equals the total exoenditure to accomplish the action 

production reactor - a nuclear reactor designed for transforming one nuclide into 
another: usually, a conversion of natural uranium into plutonium 

Purex - the facility and process which uses steps of solvent extraction and ion 
exchange for the separation of plutonium and uranium from irradiated pro
duction fuels 

R 

rad - a special unit of measure for the absorved dose of radiation; one rad equals 
100 ergs absorbed per gram of material 

radiation (ionizing) ~ particles and electromagnetic energy emitted by nuclear 
transformations which are capable of producing ions when interacting with 
matter; gamma rays and alpha and beta particles are primary examples in 
Hanford waste 

radiation survey - evaluation of an area or object with instruments in order to detect. 
identify and quantify radioactive materials and radiation fields present 

radiation zone - area which contains radioactive materials in quantities significant 
enough to require control of personnel entry to the area 

radioactive (decay) - property of undergoing spontaneous nuclear transformation in 
which nuclear particles or electromagnetic energy are emitted 

radioiodines - isotopes of iodine which are radioactive 

radionuclide - a nuclide which is radioactive 

radiotoxicity - the property of a material of being able to adverseiy affect biological 
organisms through the mechanism of nuclear radiation 

radwaste - waste materials which are radioactive 

raptor - bi rd of prey 

reactivity - a measure of the capability of a system to maintain criticality; systems 
with high reactivity are capable of undergoing rapid excursions of increasing 
power; systems with low reactivity will undergo slcwer excursions: systems with 
negative reactivity wi II not become critical 

reactor - a nuclear reactor 

redd - the spawning grounds or nests of salmon 

Redox - a facility and the process for separating plutonium and uranium from 
irradiated reactor fuels by using successive steps of chemical Reduction 
_Qxidation together with solvent extraction -

regolith - rock "waste" or surface mantle of unconsolidated roclc debris; in the Pasco 
Basin, the basin-fill sediments ihat are the parent materials of the local "soils" 
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release limit (release guidel - a control number which regulates the concentration or 
amount of radioactive material released to the environment in an industrial situ
ation; usually dose to persons in the environment derived from environmental 
behavior of the released material so that the dose is kept belo.rt a selected control value 

rem - a unit of measure for the dose of ionizing radiation which gives the same 
biological effect as one roentgen of X rays; one rem approximately equals one rad 
for X. gamma, or beta radiation 

reprocessing - chemical precessing of irradiated nuclear reactor fuels to remove 
desired constituents 

retention basin - an excavated and lined area used to hold contaminated fluids until 
radioactive decay reduces activities to levels permissible for release 

retired facility- a facility which has been shut down with no intentions of re
starting and which has had appropriate controls and safeguards placed on it 

roentgen - a unit of measure of ionizing electromagnetic radiation (x and gammal: 
one roentgen corresponds to the release by ionization of 83.8 ergs of energy 
per gram of air 

rupture - a breach of the metal cladding of a production reactor fuel element thereby 
releasing radioactive materials to reactor cooling st reams 

s 
salt cake - the solid residue resulting from a concentration of high-level liquid waste 

in Hanford underground waste storage tanks 

sanitary landfill - a burial operation for the pul'l)ose of disposing of sanitary sewage 

sanitary sewage - human wastes and other nonradioactive material for disposal to 
preserve public health 

sci nti llation (counter! - light flashes produced in crystalline material by ionizing 
radiation; measurement of the level of activity of ihe source 

seepage pond - an artificial body of surface water formed by discharge from Hanford 
process i:,>erations 

seismicity - the tendency for the occurrence of earthquakes 

self-boiling waste - high-level liquid radioactive waste whose constituent 
radionuclides contribute sufficient decay heat to cause the solu ti on to 
boi I and/or self concentrate 

shielding - bulkheads , walls, or other constructions used to absorb radiation in 
order to protect personnel or equipment 

short-lived isotope - a radioactive nuclide which decays so rapidly that a given 
quantity is transformed into its daughter products within a short period (usually 
those with a half-life of days or less> 

slug - a fuel element for one of the Hanford production reactors 

smear - a means of measuring loose surface contamination on an object by wiping 
it with paper, gauze, etc.. , and then measuring the disintegrations per minute 
on the wipe with an instrument 

solid wastes ( radioactivel - either solid radioactive material or solid objects which 
contain radioactive mate rial or bear radioactive surface contamination 

sorotive capacity - the measure of a material's ability to sorb specific constituents 
from a liquid as it passes through the material 

source material - uranium or thorium or any ores which contain at least 0.05'. of 
uranium or thorium 

source. term - the quantity of radioactive material, release<! by an ac::i dent o:- oper
ation. which subsequently causes exposure after some mechanism of trans
miss ion or deposition 

special nuclear material (SNMl - plutonium . 233u , 235tJ . or uranium enriched to 
a higher percentage than normal of the 233 or 235 isotOl)es 
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special work procedure (SWPI - a formally written procedure for the conduct of work 
involving radioactive materials 

stability (atmospheric) - a description of the atmospheric forces on a parcel of air 
following vertical displacement in an atmosphere otherwise in hydrostatic equili
·brium; if the forces tend to return the parcel to its original level. the atmos 
phere is stable; if the forces tend to move the parcel further in the direction 
of displac 0 merit , the atmosphere is unstable; if the air parcel tends to 
remain at its new level.the atmosphere has neutral stability 

standby - the condition where a facility or burial ground, etc., is placed in a non
ope rating condition but is maintained in readiness for subsequent ope ration 

storage basin - a water-filled facility for holding irradiated reactor fuels with the 
water acting as a shield 

strike-slip fault - a fault in which the movement (offset) has been parallel to the 
fault's strike; contrasts to dip-slip fault 

sulfur oxides (SOz, so3, - compounds formed as was te effluents during the 
burning of some fossil fuels 

sync linal valleys - a structure formed by dCNln warping in geological formations : 
in a syncline, the rock strata dip tCN1ards the fold's axis : the opposite of anti 
clines which, in central Washington , commonly form ridges 

T 

tank - a large metal container located underground for storage of liquid wastes 

tank farm - an installation of interconnected underground containers (tanks ) for 
storage of high-level waste 

taxon (pl. taxal - a unit of classification (usually biological) of any degree of 
specificity or gene_rality; e.g., family, order or subspecies 

tectonic - of pertaining to, or designating the rock structures resulting from 
deforma~ion of the earth's crust 

terminated - ttie condition of a waste disposal site in which its use is to be 
discontinued because its capacity has been reached (or for other reasons): 
specific conditions to be met upon terminating a site are established by 
ERDAM-0510 

terrane - any rock formation or series of formations 

tracer - a radionuclide<sl or chemical introduced in minute quantities to a system or 
process for the purpose of using radiation or chemical detection techniques to 
follCNI the behavior of the process or system 

transmutation - the process whereby one nuclide changes (or is changed) into 
another; usually by the addition of nuclear particles 

transuranium - nuclides having an atomic number greater than that of uranium 
(i.e., greater than 92) 

transmissivity - a coefficient relating the volumetric flCNI through a unit width of 
groundwater to the driving force (hydraulic potential); a function of both the 
porous medium, fluid properties, and saturated thickness of the aquifer 

trench - a ditch used for the disposal of solid radioactive waste or lc,,v-level liquid 
waste 

trophic levels - pertains to grcupings of organisms according to characteristics 
of their intake of nutrition 

turbidity - a measure of the degree to which sediments and other foreign matter are 
suspended in water (cloudiness) 

u 
unconfined aquifer - an aquifer that has a water table or surface at atmospheric 

pressure 
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vadose zone - the unsaturated region of soil between the ground surface and the 
water table 

V-trench - a concrete-lined, earth-covered excavation for storing drums containing 
transuranic bearing solid radioactive waste 

w 
water table - upper boundary of an unconfined aquifer surface below which saturated 

groundwater occurs; defined by the levels at which water stands in w·ells that 
barely penetrate the aquifer 

wind rose - a diagram des igned to show the distribution of prevailing wind directions 
at a given location; some variations include wind speed groupings by direction 

z 
zooplankton - microscopic animals that live drifting in a body of water 
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LIST OF ELEMENTS 

ELEMENT SYMBOL ATOMIC NUMBER ELEMENT SYMBOL ATOMIC NUMBER 

actinium Ac 89 mercury Hg 80 

aluminum Al 13 molybdenum Mo 42 

americium Am 95 neodymium Nd 60 

antimony Sb 51 neon Ne 10 

argon Ar 18 neptunium Np 93 

arsenic As 33 nickel Ni 28 

astatine At 85 niobium Nb 41 

barium Ba 56 nitrogen N 7 

berkel ium Bk 97 nobelium No 102 

beryllium Be 4 osmium Os 76 

bismuth Bi 83 oxygen 0 8 

boron B 5 palladium Pd 46 

bromine Br 35 phosphorus p 15 

cadmium Cd 48 platinum Pt 78 

calcium Ca 20 plutonium Pu 94 

·-· californium Cf 98 polonium Po 84 

carbon C 6 potassium K 19 

cerium Ce 58 praseodymium Pr 59 

cesium Cs 55 promethium Pm 61 

0 chlorine Cl 17 protactinium Pa 91 

chromium Cr 14 radium Ra 88 

cobalt Co 27 radon Rn 86 

columbium Nb (see niobium) rhenium Re 75 

- copper Cu 29 rhodium Rh 45 

curium Cm 96 rubidium Rb 37 

O' dysprosium Dy 16 ruthenium Ru 44 

einsteinium Es 99 samarium Sm 62 

erbium Er 68 scandium Sc 21 

europium Eu 63 selenium Se 34 

fermium Fm 100 silicon Si 14 

fluorine F 9 silver Ag 47 

francium Fr 87 sodium Na 11 

gadolinium Gd 64 strontium Sr 38 

gallium Ga 31 sulfur s 16 

germanium Ge 32 tantalum Ta 73 

0-- gold Au 79 technetium Tc 43 

ha fnium Hf 72 tellurium Te 52 

helium He 2 terbium Tb 65 
holmium Ho 67 thallium Tl 81 

hydrogen H 1 thorium Th 90 

indium In 49 thulium Tm 69 

iodine· I 53 tin Sn 50 

iridium Ir 77 titanium Ti 22 

iron Fe 26 tungsten w 74 

krypton Kr 36 uranium u 92 

lanthanum La 57 vanadium V 23 

lawrencium Lw 103 wolfram w (see tungsten) 

lead Pb 82 xenon Xe 54 

lithium Li 3 ytterbium Yb 70 

lutetium Lu 71 yttrium y 39 

magnesium Mg 12 zinc Zn 30 

manganese Mn 25 zirconium Zr 40 

mendelevium Md 101 
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LIST OF ABBREVIATIONS 

AEC Atomic Energy Commission HEDL Hanford Engin_eering Development 
AECM · Atomic Energy Commission Manual Laboratory (operated by Westinghouse) 

HEHF Hanford Environmental Health Foundation ALATEP "As low as technically and economically 
practicable" HEPA High Efficiency Particulate Air 

ALE Arid Lands Ecology, a reserve run for HMS Hanford Meteorological Station 
ERDA by Battelle, Pacific Northwest ITS-1 and -2 In-Tank Solidification, Units 1 and 2 Laboratories 

kV kilovolt 
approx approximately 

kW kilowatt 
ARHCO Atlantic Richfield Hanford Company kW-hr kilowatt-hour 

ASATEP "As soon as technically and economically 2 liter 
practicable" 

max maximum 
atm atmosphere mbs millibars 

BNW The Pacific Northwest Laboratories of MCi megacurie 
Battelle Memorial Institute, commonly uCi microcurie 

' 
. referred to as Battelle-Northwest 

mCi millicurie 

C 
Btu British thermal unit 

ml square meter, mJ:: cubic meter 
CAW Current Acid Waste 

MeV million electron volts 
cc cubic centimeter 

mg milligram 
cm centimeter 

m/hr 1000 pounds steam per hour 
CF Concentration Factor 

min minimum (Time, minute) -· / 
cfs cubic feet per second 

ml , 2 milliliter, liter 
ml cubic meter 

MPC Maximum Permissible Concentrations 
Ci curie 

mph miles per hour 
DEIS Draft Environmental Impact Statement 

mrad mill irad for Waste Management Operations 
issued September 1974 mrem millirem 

EPA Environmental Protection Agency mR/hr milli-Roentgen per hour 
ERDA Energy Research and Development MSL Mean Sea Level 

Administration 
MT metric ton v' 

ERDAM Energy Research and Development 
MW megawa tt Administration Manual 

erg a centimeter-gram-second unit MWe megawatts, electric units 

of energy MWt megawatts, thermal units 
FFTF Fast Flux Test Facility No. number 
F.P. fission products PAS Purex Acidified Sludge 
fpm feet per minute pCi p icocurie 
fps feet per second PMF Probable Maximum Flood 
FSAR Final Safety Analysis Report ppb parts per billion 
ft2 square feet, ftJ = cubic feet ppm pa,rts per million 
g gram (Seismology, g:: gravity) ppt parts per thousand 
g/day grams per day % percent 

gal gallon(s) PSAR Preliminary Safety Analysis Report 

gpd gallons per day PSS Purex Sluicing Supernatants 
gpm gallons per minute PST Pacific Standard Time 

gpy gallons per year ss stainless steel 
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tonnes 

Tri-Cities 

UNH 

UNI 

wk 

WNP-2 

WPPSS 

wt 

metric ton = "'2200 lb = 100 kg 

area including cities of Richland, Pasco 
and Kennewick , Washington 

uranyl nitrate hexahydrate 

Un ited Nuclear Industries, Inc.; 
a wholly-owned subsidiary of United 
Nuclear Corporation, formerly DUN 

week 

Washington Nuclear Plant (Number 2) 

Washington Public Power Supply System; 
The utilities company which operates 
WNP and the Hanford Generating Plant 

weight 
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