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SECTION I

INTRODUCTION

Hanford was commissioned as a plutonium production site in 1942
by the Manhattan District of the United States Army Corps of
Engineers. In 1946 responsibility for the operation of the
Hanford site was transferred to the newly created Atomic Energy
Commission (AEC). Plutonium production was started in 1944 and
has continued at varying rates. By January 1971 all operating
reactors had been shut down with the exception of N Reactor.
This reactor continues to be operated for two purposes:
primarily, production of plutonium for AEC programs and,
secondarily, generation of steam from which the Washington
Public Power Supply System (WPPSS) produces electricity. It
is presently planned to operate N Reactor under this mode until
FY 1974.

At the termination of Hanford Production Operations the site
will consist of approximately 800 buildings ranging from small,
uncontaminated shelters to massive, highly-contaminated
concrete processing facilities. These are located on a land
area of 560 square miles. Of this area approximately 90
square miles are influenced by nuclear operations or by
contamination to the extent that public access would have to
be controlled.

The purpose of this document is to determine preliminary cost
and time requirements for alternative actions that would be
required to decommission the Hanford site. Alternatives
include preparation for safe shut down status with either
unrestricted or limited release of some or all of the land
area.

Decommissioning Hanford requires that the production'facilities
and areas be placed in a stable condition such that possibility
of either polluting the environment with radioactive materials
or of affecting the local ecology by exposure to radiation is
minimized. The degree of stabilization can vary over a wide
range. For example, a minimum decontamination effort would
require that an operating status be maintained. Ventilation
equipment would need to remain in operation, surveillance
crews would be needed to monitor radioactively contaminated
areas, and operating crews would be needed to correct
deficiencies as they develop. This alternative would probably
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not be satisfactory for periods exceeding a few decades. Atthe other extreme, the site could be reverted to an uncontami-
nated state such that the total area could be released forunrestricted use by the public. This would require that all
production produced radionuclides be removed from the site
(within an acceptable definition of the uncontaminated state)
and transported for storage at some other approved site. This.is not considered an acceptable alternative since extremelylarge volumes of contaminated materials would need to bepackaged according to DOT regulations for transport to a wasterepository. This material would consist of high level waste,razed process buildings and equipment, disinterred materials
and equipment from burial grounds, and contaminated soilexcavated in some cases down to ground water (200 to 300 feetbelow the surface). The cost of such an operation would bemany tens of billions of dollars and depending upon the rate
of effort might require hundreds of years to complete. Thecost would be out of proportion to the benefit, that is, veryexpensive real estate would result while significant exposure
to personnel and possibility of accidental release of con-
tamination would occur during the operation. Further, this
alternative discounts the fact that the Hanford site islikely to be one of the more acceptable sites for storage ofradioactive materials. The wisdom of selecting Hanford as anuclear processing site is probably more apparent now than
when it was originally selected. The site provides the
following considerations:

Isolation from the public,

The 200 Area plateau consists of 200 to 300 feet of
sediments above the water table,

There is an extended travel time for water to reach
the boundary of the site from the 200 Area plateau,

The climate is arid with a minimum possibility of
driving surface contamination to the water table.

The optimum treatment of the Hanford site following cessation
of production operations will lie between these extremes.
Planning for the preparation of the Hanford site for maximum
utility at minimum cost (consistent with safety) in consider-
ation with the intended use of the site is a problem of
several dimensions or variables. The surface of the sitecontains many contaminated areas and facilities; high level
wastes are stored in tanks or buried near the surface; the
composition and level of the contamination is variable;
potential uses of the site could allow underground contami-
nation or could require complete removal of radioactivity.
A strong consideration in planning will be the disposition
of plutonium since plutonium contaminated areas will requirehundreds of thousands of years for decay (geologic times)
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0 while decay of fission products will require hundreds of years
(foreseeable future).

Since the Hanford site provides advantages for the location of
reactors as well as those indicated for storage of radioactive
wastes, it is likely that the area will be used for new nuclear
activities. As such, buried contamination may be acceptable.
It will likely be desirable to relocate some buried materials
and to retain high level wastes at Hanford. This might be
continued storage as solidified wastes in their current
location or might be some new isolated or immobilized storage
mode. Production facilities such as reactors and processing
plants will likely be cleaned of loose radioactivity only
which will subsequently require that they be entombed or
sealed.

Due to the complexity of the decommissioning, this study is
of a preliminary nature with the objective of establishing
relative costs for alternative actions. Costs are based in
some cases on assumed information. Support of a decommis-
sioning plan will require much additional work in character-
izing the site such as determining the nature, location and
degree of contamination, and developing alternative storage
modes for the high level wastes. An early requirement to
support a basis for those studies will be formulation of
limits of radionuclides in solid matricies that will be

* nationally recognized as uncontaminated.

The assumptions made in the conduct of this study are as
follows:

N Reactor will be operated through FY 1974 and then will
be retired. The reactor will be transferred to WPPSS
jurisdiction if it is to be operated beyond FY 1974.

KE and KW Reactors will be held in standby through
FY 1977 and then will be retired. All other reactors
will be retired prior to FY 1974.

Fuel fabrication and reprocessing facilities will be held
in standby as needed to support standby reactors and will
be retired with KE and KW Reactors.

Z Plant facilities will continue to function as an AEC
plutonium processing and warehousing center through at
least FY 1980.

The facilities involved in the FFTF-I24IFBR program will
remain in active status for the foreseeable future.
Similarly, 300 Area facilities now supported by the
Divisions of Research and of Biology and Medicine will
remain active indefinitely.

too
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SECTION II

SUMMARY

Releasing the Hanford site for controlled or for unrestricted
public use requires pioneering definition of policy. Forthis study the general criteria for release or public use of
Hanford areas are:

*Public use or access to decommissioned sites shall not
result in risk to human health and welfare from noxious
chemicals or radioactive materials.

*Radiation exposure to humans at the decommissioned
sites shall not exceed 10 percent of that listed in
ABC Manual Chapter 0524, Appendix Part II.

Attractive nuisances and physical hazards will be
minimized.

*Harmful effects to naturally-occurring biota will be
minimized and attention will be given to restoration
of aesthetic values.

For the purposes of this document the various elements of theHanford site are classified in one of three categories asdefined below. Costs are estimated, when appropriate, forthe actions required to change an element to a less restrictive
category.

Category A would include those facilities and land areas
which may be released to the public without restriction.

Category B would include those facilities and land areas
to which the public may have conditional access. Forexample, the purposeful use of heavy equipment (e.g.,
jackharmmer, backhoe, etc.) would be required to reach
contaminated materials. All points accessible without
such an overt act would be made to meet the criteria of
Category A. The use of groundwater, or large additions
to the groundwater, might be prohibited in some Category
B Areas. Similarly, public activities might be restricted
within five miles of a production reactor, three miles of
a radiochemical processing facility, or one mile of theFFTF, when these areas are in an active or standby status.
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Category C would include those facilities and associated
land areas for which there is a projected AEC programmatic
need.

In the absence of nationally acceptable limits for the concen-
tration of radionuclides in solid matrices, it was assumed for
the purposes of this study that solids containing less than
100 picocuries/gram plutonium, 100 nanocuries/gram, l4 carbon,
or 2 nanocuries/gram fission products can be treated as
uncontaminated. In an alternative case 2 nanocuries/gram
plutonium was considered uncontaminated.

The task of deconmmissioning all or part of the Hanford site
will require integration of developmental and operational
projects. First, the individual site components need to be
characterized and the feasibility and economics of alternative
actions need to be determined. Technological development
programs will be required to provide the know-how to achieve
decommissioning objectives. Selection of alternatives will
require engineering studies with Process Development support.
A definitive plan will need to be formulated and, finally,
the operating work and demonstration of contamination removal
or stabilization must be accomplished.

Two basic alternatives were studied. These were:

* . Contaminated areas stabilized with concrete pads or
moved to the 200 Area plateau; facilities sealed or
entombed. Buried uranium and thorium would remain in
the 300 Area.

Plutonium and 14 Cremoved; remaining radionuclides
stabilized with concrete pads or entombed. Buried
uranium and thorium would remain in the 300 Area.

These alternatives are consolidated into three potential
plans. In Plan I all contaminated materials not required in
active ABC programs would be consolidated on the 200 Areas
plateau to the extent practical. The production reactors
would be entombed and residual activity would be sealed or
isolated so that public access to the reservation, aside
from the 200 Areas plateau, would be permitted with little
or no restriction. In Plan II the 200 Areas are decomnmis-
sioned and areas with buried radioactivity are fixed or
stabilized by covering with concrete pads to achieve a
Category B status. In Plan III all plutonium-contaminated
materials would be removed and fission products would be
stabilized for Category B except for those involved in on-
going programs. Two alternatives were considered under
Plan III; the first considers less than 100 picocuries/gram,
and the second, less than 2 nanocuries/gram, as uncontaminated.

During Plans I and II facilities and land areas would be
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cleaned, surveyed, and excessed or released in a stepwise
fashion as rapidly as programmatic needs and funding permit.
Some contaminated materials from the 100 and 300 Areas wouldbe packaged and accumulated on the 200 Areas plateau forstorage. Processing facilities, reactors, and storage basinswould be entombed in concrete and contaminated soil would beisolated with concrete pads. A Category B status would be
achieved.

Costs and schedules are summarized in Table I. Under Plan Ithe decommissioning of the 100 Areas could start as early asFY 1974. Except for the 200 Areas plateau and isolated areashousing ABC-sponsored activities, the Hanford site could
probably be released for non-AEC use by about 1985.

Many of the 200 Areas facilities will be operating until the
late 1970's and Plan II activities will necessitate itscontinuing classification as Category C. There seems to belittle incentive to proceed with the stabilization of the200 Areas particularly if the mechanics of stabilization
would complicate subsequent Plan III actions. It may be
prudent either to defer most of the 200 Areas Plan II
activities until a decision is made to proceed with Plan IIIor to defer it indefinitely. Deferral of major actions orexpenditures for Plan II will allow the technology required
for decommissioning and for long-term storage of high levelwastes to mature, which, in turn, would result in more
realistic waste management objectives and programs.

During Plan III the site would be prepared to achieve a
condition whereby the radionuclides would decay to innocuous
levels in the foreseeable future. All plutonium-contaminated
materials would be placed in an approved repository located
either at Hanford or at another location. Fission products
which contain no alpha contamination would be left in place
and protected as in Category B for eventual decay to
innocuous levels. While Plan III could probably be activated
as early as 1980, studies in progress are likely to show thatthe start of Plan III could be safely deferred for decades or
centuries. Costs for Plan III are sensitive to the plutonium
concentration which can be considered as uncontaminated, upon
site measurements to locate and quantify plutonium contami-
nation, and upon the success of technology programs to
decontaminate plutonium to acceptable levels. It is estimated
that Plan Ill-A, plutonium reduced to 100 picocuries/gram,
would cost in the order of 1500 to 4000 million dollars, while
Plan Ill-B, plutonium reduced to 2 nanocuries/gram, might cost
in the order of 500 to 1500 million dollars. Each would
require decades to complete.
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SECTION III

CURRENT STATUS OF SITE

The 27 years of nuclear operations at Hanford have resulted in
a large numiber of buildings, both contaminated and uncontami-
nated; contaminated equipment; waste storage sites; and some
groundwater contaminated with both nitrate and radionuclides.
Although the total volume of fission products produced at
Hanford, particularly those with half-lives of significance
to the Waste Management Program, is relatively small, the
volume of contaminated materials is large and composition
varies over a very wide range. For example, it is estimated
that about 107 cubic feet of salt cake will be in storage
with fission product concentrations of about 1 to 100 curies
per cubic foot. Most of the fission products, other than the
encapsulated cesium and strontium, are contained in the salt
cake. Buried solids consisting of cellulosic materials,
rubber,' glass, plastics, and discarded metal equipment are
also estimated at about 107 cubic feet with contamination
levels ranging from essentially uncontaminated to about 100
curies per cubic foot. Contaminated soils in crib disposalareas and ponds are estimated roughly at 108 to 1010 cubic
feet with contamination levels of essentially uncontaminated
to about one curie per cubic foot. Plutonium in these
materials varies from uncontaminated to about 25 grams per
cubic foot.

The facilities are grouped into operating areas as indicated
On the project map, Figure 1. The surface and near-surface
contaminated areas outside the limited areas are also indicated
on this map. The groundwater contamination, total beta
(expressed as 1 0 6Ru), tritium and nitrate ion, are indicated
on the project maps in Figures 2 to 4, respectively. These
chemical and radionuclide concentrations with the exception
of small areas are at or near acceptable limits (within the
criteria for this study), and should not seriously affect use
of the groundwater for most industrial applications. These
factors are under current study for groundwater management.
A summary of current building use is presented in Table II.

Reactor Areas

The storage locations of all radioactive wastes are shown in
Figures 5 through 10 and the inventories of solid wastes are
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tabulated in Table III. In the effluent water systems of the
reactors, 1 52 Eu is the dominant remaining contaminant, and it
will require about 150 years to decay to 2 nanocuries/gran.
Plutonium is present at a concentration of 0.5 nanocuries/gram.
In the sediment of the reactor metal storage basins, 9 0Sr and

17sare the dominant contaminants and will require up to 200
years to decay to less than 2 nanocuries/gram. Plutonium is
also present in levels of 0.6 to 2 nanocuries/gram. In the
solid waste burial grounds and the reactor shields, 6 0CO is
the dominant radionuclide.

Nearly all of these isotopes will be decayed to less than
2 nanocuries/gram within 100 years. However, 14 C is present
in the graphite core and may be present in the silica gel in
the 115 Buildings and in the burial grounds where spent
silica gel has been buried. Concentrations greater than
3 microcuries/gram can be expected. Innocuous levels for this
radionuclide have not been defined.

Separations Areas

The storage locations of radioactive wastes in the 200 Areas
are shown in Figures 11 and 12. A summary of 200 Areas stored
wastes, other than process waste, is tabulated in Table IV.
Details on 200 Areas buried wastes and on contaminated areas
are summarized in the Appendix. Process wastes are stored in
underground tanks and will be essentially converted to moist
nitrate and nitrite salt cakes by 1976 by the In-Tank Solidi-
fication (ITS) process. The tank locations are indicated on
the area maps. The inventories are given in the classified
addendum of CPD-220, Revision 1, "Hanford Radioactive Waste
Management Plans," 0. J. Elgert, et al. Sites- outside the
limited areas, but under 200 Areas operational control, contain
the inventory presented in Table V.

300 Area

The storage locations of radioactive wastes in the 300 Area
are shown in Figure 13. The stored inventory of uranium in
the 300 Area solid waste burial sites is less than 500 pounds.
In addition to uranium the process pond areas contain sub-
stantial amounts of copper, fluoride, sulfate, and nitrate
compounds.

Burial Ground Number 1 (located east of the 333 Building) also
contains some plutonium and fission products. The locations
of radionuclides stored outside the 300 Area, but under 300
Area control, are indicated on Figure 1 and tabulated in
Table VI.

Washington State Lease Land

Land on the 200 Areas plateau between 200 East and 200 West
Areas has been leased to Washington State. A portion of
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this land has been subleased for a radioactive materials burial
operation. Management of this area is not included in this
study; however, it is located within the proposed three-mile
controlled zone and should not cause significant changes in
conclusions.



ARHl-2164

* Page 16

-4

4

S-4

0' w

-4 0

o 0

-14 0 )0 0 - 10 00 C) m cula

N4 1- 4

In0'~F M om Mf C0 r- - -f a
.4 NCIA m -j 1-4 1-4 -4 NI rII

4I-4 (nI Lrl

0
C:

41 (1 o L)U n. N 4 N r - W -4 r -I -4 -4 0 14 01
.- Q -I NN-4 1 40

4-4

3: V

U)

*H 0 0 C)0 o C) .0L(0 4-) CD 0o C 1- W C
4-41- ,-4 - 4 H NI -4 m -r - -I4l E



ARH-2 164
4- 14Page 17

TABLE III

100 AREAS APPROXIMATE INVENTORIES OF STORED WASTE

Radioactive Inventory
Location Half-Life <1 Year Half-Life >1 Year

(Ci) (Ci)
100-B

2 B-C Reactors 30,000 ( 60 Co)

2 Metal Storage Basins 20 ( 90 Sr, 17Cs, 29Pu)
3 107 Basins and Soil 150 ( 15 2 Eu,, 239 u
Solid Wastes 10,000 4,000 ( 60 Co)

100-D

2 D-DR Reactors 25,000 ( 6 0 Co)

Metal Storage Basins 20 ( 0S, 17Cs, 29Pu)
107 Basins and Soil 100 ( 5 u, 29Pu)

Solid Wastes 4,500 ( 6 0 Co)

100-F

1 F Reactor 10,000 ( 60 co)
Metal Storage Basin 10 ( 0S, 17Cs, 29Pu)

1 107 Basin and Soil 50 ( 1 52 Eu, 2 3 9 Pu)
Solid Wastes 2,200 ( 6 0 Co)

100-H

1 H Reactor 10,000 ( 60 Co)

1 Metal Storage Basin 10 (90 Sr, 17Cs, 29Pu)
1 107 Basin and Soil 50 ( 15 2 Eu, 239 u

Solid Wastes 4,000 ( 60co)
100-K

2 KE-KW Reactors 20,000 ( 60Co)
2 Metal Storage Basins 100 ( 90 Sr, 17Cs, 29Pu)
6 107 Basins and Soil 300 ( 1Eu, 29Pu)
Solid Wastes 60,000 15,000 ( 60co)

100-N

1 N Reactor 10,000 ( 60co)
Crib 6,500 500 ( 60 co)

Spacer Storage 150,000 2,000 ( 60co)

NOTE: 14 Cdata in the reactors and reactor systems are
insufficient to quantify at this time.
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TABLE V

RADIONUCLIDE INVENTORY -600 AREA UNDER 200 AREA CONTROL

(I) (1) Beta Curies (1)
U, lb- Pu, gCurrent (2)

Gable Mountain Pond < 940 <380

Redox Pond <6 960 <370

B Plant Pond < 600 <230 ________

2000 Total

(1) Estimated quantities based on known releases and on
analytical detection limits of small releases in large
quantities of water.

(2) Estimated cesium and strontium decayed through 1970.
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TABLE VI

600 AREA WASTES BURIAL AND STORAGE SITES
UNDER 300 AREA CONTROL

Size Site Contents
Site Description Status Acres B- Y(Ci) PuL (kg)

300 North Burial Retired - filled and marked. Broad 6.1 <2, 000 0.1 toI
spectrum of low to high level solid
radioactive wastes, primarily fission
products and plutonium. Cartoned low
level wastes were buried in trenches;
medium to high level wastes in caissons
or buried pipe facilities.

300 North Crib Retired - bottomless tank located <1
about 150 feet southeast of 300-N
Burial Ground. Contains uranium
contaminated liquid wash from 321
Building.

213-J and K Retired - located at southeast end of
Vaults Gable Mountain. Decontamination

solution and probably rags and buckets
* used to clean the vaults between 1944

and 1950 were discarded into two small
pits about four feet deep. The

Scarriers used to ship plutonium nitrate
solutions were occasionally returned in
a contaminated condition. The carriers
were probably not decontaminated at this
site, but some contamination was trans-
ferred from the carriers to the vaults.
Each site is covered with a concrete
slab and "Contaminated Waste" is
lettered into the concrete.

300 Wye Burial Retired - filled and marked. Broad 8.6 <2,000 1 to 5
spectrum of low to high level solid
radioactive wastes, primarily fission
products and plutonium. Cartoned low
level wastes were buried in trenches;
medium to high level wastes in
caissons or buried pipe facilities.

100-F Burial Active. Scheduled for retirement in <5 <10 None
Ground 1973 or 1974. Very low level beta- (est.)

gamma wastes from Biology Laboratory
operations. Waste cartons contain
micro- or millicurie quantities. No
plutonium has been discharged to this
site.

100-F Leaching Active. Scheduled for retirement in 1-10 None
Trench 1973 or 1974. Very slightly con-

taminated liquid wastes primarily
90Sr, from animal feeding studies.

P-11 Building Retired. <0. 015
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SECTION IV

PROPOSED CRITERIA

Since the preparation of Hanford-type facilities for uncon-
ditional release is without precedent, specific criteria need
to be developed for the decommissioning operation. These
criteria should meet the following objectives:

*Public use or access to decommissioned sites shall not
result in risk to human health and welfare from noxious
chemicals or radioactive materials.

*Radiation exposure to humans shall not exceed 10 percent
of that listed in AEC Manual Chapter 0524, Appendix
Part II.

*Attractive nuisances and physical hazards will be
minimized.

*Harmful effects to naturally-occurring biota will be
minimized and attention will be given to restoration
of aesthetic values.

Use of land may be limited within control zones
surrounding operating or standby facilities as follows:

100 Area Reactors 5 miles
200 Area Facilities 3 miles
FFTF 1 mile
Retired Production Reactors 1 mile

Additions of large volumes of water to the groundwater
may be restricted to avoid flooding of contaminated
soils.

In view of the wide range of possible actions and resultant
site conditions, three categories were defined into which
existing AEC facilities might be placed after appropriate
preparatory action:

*Category A - Those facilities and areas that could be
released for public use without restriction.

Caegr B hs aiiisadaest hc h
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public could have casual access but would be restricted
to the actions they could take.

Category C - Those facilities and areas to which public
access would be denied because of AEC programmatic
activities.

The categories can be summarized as follows:

Category A B C

Ownership Private AEC AEC
Private Access Free Free Limited
Private Use Free Limited Denied
AEC Surveillance Minimal Periodic Continuous

Currently, land use at Hanford serves one of three functions:

" It serves directly to house the production and reactor
development programs.

" It provides isolation from production operations.

" It provides isolation in case of an accident situation.

In the case where land has been held as a means of assuring
distance between the public and a potential accident, a
decision that the accident potential has disappeared would
make release of the land feasible. Many facilities and areas
of land have become contaminated, or have been used to store
waste materials, during production operations. Complete
release of these facilities and land areas will require
relocation of these radioactive materials, while a restricted
public use would require only stabilization and isolation.

Nationally acceptable limits for the concentration of radio-
nuclides in solid matrices need to be set. In the absence of
such standards it was assumed that solids containing less
than 100 picocuries/gram plutonium, 100 nanocuries/gram. 1 4 C,
or two nanocuries/gram of fission products can be treated as
uncontaminated. An alternative assuming less than two nano-
curies/gram plutonium as uncontaminated was also considered.
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SECTION V

ACTION PLANS

Plan Overview

In formulating a program many programmatic, technical, and
economic decisions will have to be made. For example, a future
use or disposition must be proposed for each facility or land
area. The degree of desired public access must be defined.
The technical and economic feasibility of various processing
techniques must be evaluated. The engineering feasibility and
safety of alternative storage modes must be assessed.

The task of decommissioning part or all of the Hanford site
will require integration of many developmental and operational
projects. A generalized functional schedule is presented in
Figure 14. The individual site components need to be
characterized and the feasibility and economics of alternative
actions need to be determined. Technological development
programs will be required to provide the "know-how" to achieve
decommissioning objectives. Selection of alternatives will
require engineering studies with Process Development support.
A definitive plan will need to be formulated and, finally,
the operating work and proof that the contamination has been
removed or stabilized must be accomplished.

Three plans have been developed for the stepwise decommissioning
of the Hanford site. These are:

Plan I

All areas are placed in Category A except for those
remaining in operation and selected 100 Area facilities.
The reactors would be entombed and buried radioactivity
would be stabilized with concrete pads to achieve a
Category B status. The 200 Areas receive and store
contaminated materials and remain in Category C.
Buried uranium and thorium would remain in place in
the 300 Area.

Plan II

The 200 Areas are stabilized by sealing or entombing0 the processing facilities and isolating buried
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radioactivity with concrete pads to achieve a Category B.
Plan II could follow Plan I, or it could be initiated
while Plan I is in progress.

Plan III

Plutonium and 14C are removed from all Hanford areas.
Storage of the plutonium-contaminated materials in an
approved repository is assumed. Remaining fission and
activation products are placed in Category B. Decay of
remaining radioactivity to Category A would be in the
foreseeable future (less than 1,000 years) . Plutonium
removed to concentrations of 100 picocuries/gram and
2 nanocuries/gram and 14 C at 100 nanocuries/gram. and
3 microcuries/gram are considered.

Plan I would achieve the objective of releasing the maximum
amount of land within the shortest practical time. It is
estimated that this plan could be completed in about 10 to 15
years at a cost of about $103 million including about $19
million for technology development. It is assumed that current
programs will continue and that site decommissioning work will
be initiated in 1974. At the completion of Plan I most of the
Hanford area would be in Category A or B condition; the 200
Areas would be considered an operating area in Category C
condition and would require isolation with a control zone of
three miles. Groundwater beneath the Hanford site would show
contamination with radionuclides (primarily tritium) and with
nitrate, however, these should be, generally, within acceptable
limits.

Plan II would follow or be coordinated with Plan I. It would
achieve the objective of stabilizing the large inventory of
radionuclides which have accumulated in the 200 Areas for an
interim storage mode acceptable for decades or centuries. it
is estimated that this plan could be completed in 10 to 15
years at a cost of about $390 million beyond Plan I. Assuming
sequential operation of Plan I and Plan II, the time to the
completion of Plan II would be about 25 years. Alternatively,
if rapid completion were to become important, Plan II could be
initiated with some risk regarding the proper selection of
interim and long-term storage modes as early as 1975. It then
could be completed by about 1987.

Plan III would remove the long-lived plutonium and 14C from
the Hanford site to achieve a Category A status by decay of
the remaining fission products within the foreseeable future
(hundreds of years). Plan Ill-A with plutonium removed to a
residual concentration of 100 picocuries/gram. would require
razing the reactors and most separations facilities and
disinterment of solidified salt wastes, burial grounds, and
crib disposal areas. Plan IIl-B with plutonium removed to
a residual concentration of two nanocuries/gram and 1 4 C at
3 microcuries/gram would probably not require razing the
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grounds, and cribs would not require removal. Tentatively, it
is assumed that 1-4C would not be a prboblem in the microcuries/
gram range. The details of each plan, and hence costs, dependheavily upon site measurement work. The selection of Plan
III-A or Ill-B depends upon the acceptable definition of
"uncontaminated" for plutonium in a solid matrix. Roughly,it is estimated that Plan Ill-A would cost about 1400 to 4000
million dollars and Plan Ill-B about 500 to 1500 million
dollars.

Problem Definition and Technology

Exploratory and development work will be required before a
detailed operating plan can be established. Fundamentally,
this work would:

"Establish the scope;

"Establish the alternatives;

"Establish the technology.

The scope of the work required would be determined by a
measurement and characterization program. In some cases,
particularly in measuring low level radioactivity in earth,
new techniques need to be developed. Engineering studies
need to be made to establish a plan.

Criteria alternatives for storage at Hanford need to be
developed through geologic, hydrologic, seismic, and climatic
studies.

Technology needs to be developed and demonstrated for the
major tasks involved. The purpose, approach, and anticipated
scope of each study is summarized in Section VII. Schedules
for this work are presented in Figures 15 and 16. Key
accomplishments expected assuming proposed funding levels
are maintained are:

"Start Site Characterizations FY 1972
"Technology Demonstration Program Completed FY 1980

Facility Decontamination FY 1975
Burial Ground Removal FY 1976
Large Equipment Disposal FY 1977

"Surficial Storage Evaluation FY 1981
"Deep Cavern Evaluation FY 1984

These programs are discussed in greater detail in sections
following.
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PLAN I

As much as is practical, each facility would be treated by one
or more of the following steps in order of preference:

*Facilities and equipment would be decontaminated, if
necessary, and excessed.

*Structures having no salvage value would be razed and
the site restored to a level surface.

*Contaminated materials either would be relocated to
the 200 Areas plateau for storing and entombing in
place or would be isolated so that the purposeful use
of heavy equipment would be required to reach the con-
taminated materials. Buried uranium and thorium would
remain in place in the 300 Area.

Reactor Areas

The largest items of consideration in the reactor areas are
the 105 Buildings which contain the reactor blocks. Because
of the quantity of radioactive material and difficulties of
removal, the reactor block would be entombed. The cost of
early removal does not appear commensurate with environmental
benefits to be gained. Approximately 150 years would be
required for the radionuclides to decay to below two nano-
curies/gram of matrix except for 14C. After about 50 years0penetrating radiation no longer is a problem and the entire
reactor block could be removed at reduced cost.

As shown in Figures 17 and 18 the 105 structure would be
demolished except the shielding walls enclosing the reactor
rear face, the inner rod room, and the experimental facilities.
This would provide a reinforced concrete wall approximately
three feet thick around three sides of each reactor block
resting on a massive foundation. A reinforced concrete wall
would be placed across the inlet face of the reactor and tied
into the rod room and experimental facility walls. The roof
over this area varies in thickness, and additional concrete
would be poured to a thickness of three feet. All openings
into the resulting reactor enclosure (i.e., rear face, X
levels, inner rod rooms, basements) would be sealed with
concrete. The rest of the 105 structure would be razed with
the exception of the reactor gas drying facilities. Because
of probable 14 C contamination and the proximity to the reactor
block which will be entombed, it is planned to leave these
structures with their three-foot shielding walls and ceiling
intact. If the site characterization studies (sampling
program) show the 1 4 C contamination to be sufficiently low,
the gas drying facilities would also be razed.

Other contaminated structures would be filled with earth (117
Building) or razed and the rubble deposited in the basement
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and sealed with a reinforced concrete slab (Pump lift stations,
etc.) . Burial grounds, cribs, and contaminated ground would be
covered with reinforced concrete. The effluent lines would be
placed in the 107 effluent basin, filled with earth, and
covered with concrete. Underground tunnels would be filled
with earth and sealed with concrete.

All contaminated areas would be permanently marked. These areaswill be classified as Category B. All the areas with the ex-
ception of the reactor block and the gas drying facility will
decay to Category A within about 150 years. The l4C contami-
nation in the reactor and gas facility would keep these
facilities in the Category B state for thousands of years.
Similarly, the 14C in the spent silica gel in the burial
grounds would probably keep these facilities in Category B
for an extended period. (This will be determined during the
site characterization work.)

Noncontaminated facilities would be modified to eliminate
hazards. Most of these facilities are of concrete block
construction above grade. All practical salvage would be
performed. Generally, buildings would be razed and the
rubble used to fill basements. Clearwells and basins wouldbe filled with excess rubble and earth. Concrete chimneys
would be demolished. Pipe tunnels would be filled with earth
and all large buried lines would be sealed.

The 181 river pump house is constructed of reinforced concrete
below grade with a concrete block superstructure. The
superstructure would be leveled and all openings in the
reinforced concrete floor would be sealed. A three-foot high
concrete wall would be constructed along the river side of thebuilding for personnel safety. The disposition of the trashracks and river openings will be the subject of future studies.

Concentrations of up to two nanocuries/gram. of 29Pu have been
detected in the storage basin sludge at the older reactors (F,
H, D, DR). For purposes of this study it was assumed that the
plutonium-bearing sludge would be entombed in place in the
storage basin.

Separations Areas

During Plan I the chemical processing operations would be
terminated. As a part of the operating charter processing
facilities would be cleaned of accumulated inventories ofprocess materials. This would remove the major fraction of
the inventory but leave the facility in a contaminated
condition. Storage areas would be prepared and materials
would be received from other areas and placed in storage.
The major contribution to this storage requirement would be
the 300 Area burial grounds. The storage mode would meetrequirements for Interim Storage to the extent that these
conditions have been defined and approved.
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300 Area

Contaminated portions of decommi~ssioned laboratory buildings
would be either decontaminated or packaged for relocation to
the 200 Areas plateau. Noncontalninated buildings and equipment
would be excessed or razed. The 300 North, 300 West, and 300
Area Number 1 burial grounds would be exhumed, packaged, and
relocated to the 200 Areas plateau. Burial grounds containing
uranium and thorium would be left in place. The 300 Area fuel
fabrication buildings would be partially decontaminated and
held in standby until released. Materials having salvage
value would be excessed, contaminated residues transported to
the 200 Areas plateau, and the buildings razed.

600 Area

Areas outside the exclusion areas would be surveyed to detect
hazards or attractive nuisances. Equipment and structures
having no further usefulness would be excessed or demolished.

PLAN II

Plan II, Stabilization of the 200 Areas, would be performed
following or integrated with Plan-I1. At the completion ofPlan I all areas other than the 200 Areas would either be
released as Category A or stabilized as Category B. Plan II
work would then be implemented to enable all facilities and
materials including transfers of contaminated materials from
the other areas to be stabilized before the program is
completed.

The highly contaminated, reinforced concrete process buildings
would be cleaned of readily movable contamination, the
structure filled with sand or contaminated soil (to minimize
"breathing"), and all openings sealed with reinforced concrete.
Noncontaminated equipment would be excessed and concrete blockstructures razed. The 234-5-Z Building and associated
buildings would be cleaned, filled with sand and/or contami-
nated materials, and entombed in reinforced concrete. Under-
ground tanks, cribs, burial grounds, and other areas containing
radionuclides beneath the ground surface would be stabilized by
covering the contaminated materials with sufficient soil to
provide biological isolation. A reinforced concrete slab
would be placed over the soil to prevent inadvertent
penetration.



ARH -2164
Page 429PLAN 111 

14
Removal of long-lived plutonium and C from the Hanford site
requires the same action as complete decontamination with the
exception that the large volume of earth contaminated with
fission products at liquid waste disposal sites need not be
removed. To remove plutonium from these disposal sites it
is assumed that all plutonium can be removed by excavating
two feet below either the crib bottom or point of percolation
into the earth. This assumption may be optimistic for all
cases; however, reasonable variation is allowed in contingency
factors. Removal of all radionuclides in some cases would
involve excavating disposal sites down to groundwater which
would result in very high operational costs. It is assumed
that processing facilities are sufficiently contaminated with
plutonium to require razing to achieve a residual plutonium
concentration of 100 picocuries/gram. For a concentration of
two nanocuries/gram the buildings could be left in place. The
amount of work required to implement Plan III will decrease
with time because of radioactive decay. For example most of
the 60Co in the reactor areas will decay to innocuous levels
in about 50 xears, and the small amounts of 152Eu, 137Cs,90Sr, and 23 Pu remaining will be relatively easy to handle.

In the separations areas 17Cs and 90Sr in the waste salt
cakes will decay in about 400 to 500 years to a point that
radiation would cease to be a significant factor; in 600 to
700 years ingestion would cease to be a significant concern.
In the soil beneath the disposal sites 137Cs and 90Sr decrease
to the pico-to-nanocurie/gram range, in some cases within
about 5 to 20 meters, which for this study is considered
innocuous.

In most locations fission products will decay to innocuous
levels in about 600 to 700 years. These facts need to be
verified in a characterization program. Con~versely, plutonium-
contaminated areas would require nearly a million years to
decay to innocuous levels. The plutonium is located relatively
close to the ground surface, however, and its removal could be
accomplished at a fraction of the cost of removing the cesium
and strontium.

The preparation of the contaminated materials for transport
could take one or more of many forms. The materials'could be
packaged in drums or boxes cons.istent with receiving site
criteria. As one alternative the volume of waste salt cakes
might be reduced by some factor up to perhaps ten by destroying
the nitrate ion and recovering the sodium for subsequent sale.
This action would substantially reduce transportation costs.
As another alternative contaminated soil might be combined.
with waste salt cake, aluminum and crushed basalt, and the
mixture ignited. The product could be a basalt-like rock.
If solubility data prove to be as favorable as preliminary
tests indicate, this form might be desirable for long-term
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storage at either location. Contaminated metal could probablybe included with the mix and be consolidated with the pseudo-
basalt.

Techniques need to be developed for decontamination and
disassembly of the highly contaminated process equipment andbuildings, and survey equipment capable of recognizing theuncontaminated-contaminated states would be a necessity.

The current and proposed technology development programs couldsignificantly alter the proposed decommissioning plans andestimated costs.- For example, while it now appears necessary
to raze a facility to achieve a Category A status, equipment
and concrete decontamination studies might achieve this
objective in place at substantially lower cost, and thecharacterization program might show current study assumptions
to be overstated.
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SECTION VI

COSTS AND SCHEDULES

Summary cost breakdowns for major facilities in the various
areas are tabulated in Table VII. The operational costs for
the alternative elements of each plan are tabulated in
Table VIII. Technological requirements and schedules are
presented in Figure 15. Development programs contingent upon
large scale demonstration of technology are presented in
Figure 16. The cost for these development and demonstration
programs is $72 million and is summarized in Table IX.
Technology costs in relation to potential program direction
are discussed in further detail in Section VII. Minimum
technology development in support of Plans I and II would
cost about $19 million for the period through 1980.
Developing and demonstrating the alternative concepts for
long-term storage of high level waste would cost an addi-
tional $53 million.

A possible expenditure pattern for Plan I is presented in
Table X. It is indicated that at a peak expenditure rate of
about $10-il million/year Plan I could be completed during
the period 1974 through 1985, a period of 12 years, at a
campaign cost of about $84 million.

An expenditure pattern for Plan II is presented in Table XI.
It is indicated that at a peak expenditure rate of about $29
million per year 13 years would be required at a campaign
cost of about $370 million. Assuming Plan II to be sequential
with Plan I, it would be implemented during the period FY 1986
through 1998. Plan II could be initiated before Plan I is
completed. A possible expenditure pattern for this alter-
native is presented in Table XII and Figure 19. As indicated
in Figure 19, it is necessary that technology for excavating
burial grounds and for decontaminating facilities be
available to achieve such an operating schedule. Assuming
that the proposed programs are implemented, sufficient
information should be available to allow good engineering
design for interim storage as early as FY 1975 or 1976 (see
Figure 15).

Alternative program costs are tabulated in Table XIII.
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DIRECT OPERATING COSTS FOR RESTORATION ALTERNATIVES
(Millions of FY 1972 Dollars)-

1* 2* 3*
A. 100 AREAS

100-H 4.0 45
100-F 5.0 45
100-0 & DR 8.5 90
100-B & C 8.0 90
100-KE & KW 11.0 90
100-N 4.0 40

TOTAL 100 AREAS 40.5 400

B. 200 AREAS

Facilities

244-AR 0.75 2.15
Purex 2.50 55.00
B Plant 1.60 60.00
225-B (Encapsulation) 0.20 5.00
224-B 0.15 6.00
Semi-Works 1.70 6.80
Redox 1.10 36.00
222-S 0.65 5.15
232-S 0.50 10.00
221-T 1.80 65.00
224-T 0.15 6.00
242-T 0.20 2.00
U Plant 1.60 60.00
224-U & UA 0.45 7.50
231-Z 5.10 5.10
234-5 12.50 34.00
236-Z 0.60 4.50
291-Z 0,08 1.70
Misc. Uncontaminated 2.38 2.38
Misc. Contaminated 4.75 17.009TOTAL 200 AREA FACILITIES 38.80 390

C, SUBTERRANEAN

cribs 10.60 410.0
French Drains 0.25 0.25
Ponds and Ditches 165,70 560
Contaminated Soil 21.00 50

(Unplanned)
Tank Farms 25.40 380
Buried Lines 14.60 30
Diversion Boxes 6.40 10
Burial Grounds 18.90 50

TOTAL SUBTERRANEAN 262.85 1,490.25

D. 300 AREA

BNW 0.8
WHC - Facilities 0.14
WHC - Burial Grounds 32.00
DUN 1.4

TOTAL 300 AREA 34.3

E. 600 AREA

TOTAL 600 AREA 1.7

1. Areas stabilized with concrete pads, facilities sealed or entombed.
2. Plutonium removed to 100 picocuries/gram, remaining radionuclides covered with

c oncrete pads or entombed.
3. All radioactivity removed.

NOTE 1: Costs for Column 2 will be highly dependent upon the success of technology
programs and are estimated as a range (see Table VIII).

NOTE 2: Insufficient site measurement data are available to estimate removal of
plutonium to 2 nanocuries/gram. Costs are guesstimated between Columns9 1 and 2 (see Table VIII and text).
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SECTION VII

TECHNOLOGY REQUIREMENTS

Technology development programs directed at solution of waste
management problems and formulation of action alternatives
are summarized in Table IX. The need, or the requirement,
for these individual programs will depend upon the program
objectives and the planning for the future status of the
Hanford site. Resolution of these Hanford waste management
problems will require work in:

*Geology

*Hydrology

* Climatology

Biology

Seismic-Earthquake

*Engineering

Basic work in these disciplines will provide information
establishing alternatives for storage modes at Hanford andprovide further bases for the AEC's general Waste Management
Programs. Further, operational support of selected program
plans will be necessary. These are proposed as process
development programs followed in some cases by demonstration
programs.

The first five items, and part of the sixth, of Table IX
describes technologies associated with Plan I and II activities
while part of the sixth and the remaining three items are
directed toward Plan III. Approximate accumulated costs are
summarized in Table XIII. Technology in support of Plans Iand II will cost about $19 million. Further programs in
support of the long-term storage requirements of Plan IIIwill require an additional $53 million. If an early decisionis made to implement only Plans I and II, it will be highly
desirable to develop the long-term storage alternatives with
their supporting technologies proposed in the $53 million insupport of Plan III. This information will be particularly
valuable in waste management decisions that M~ight be required
in the future and will also provide information relevant togeneral AEC waste management considerations.
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As indicated in Table IX the technology programs currently in
effect or proposed are:

*Characterization and Preliminary Engineering

*Biological Interactions

*Surf icial Hydrology

*Water Movement in Vadose Zone

Site Seismicity and Earthquake Engineering

*Solid Waste Handling

Waste Processes

oDeep Storage Investigations

*Packaging and Transportation

Characterization and Preliminary Engineering

The objective of this work is to determine the precise location,extent, and nature of contamination at the Hanford site and todevise definitive action plans with realistic cost estimate.

operation of the reactors has induced substantial quantitiesof 14 C and 6 0 Co in the core and structure. Uranium, plutonium,and fission products are stored in the soil at scattered
locations in the 100, 200 and 300 Areas. In many cases theboundaries of soil contamination and the nuclide concentration
profiles within the contaminated zones are not known accurately.A program to develop this information as a basis for planningand cost estimating is required.

In the 100 Areas a total of 300 samples per reactor area areplanned. Of particular concern are the induced radioactivity
(principally 14C and 60Co) in the reactor structure and theactivation and fission products (152Eu, 154Eu, 90Sr, 137Cs, and239Pu) associated with the reactor cooling water effluent andthe irradiated metal storage basins. In the 200 Areas anaverage of five wells per crib, or leak area, will be neededto define the lateral and vertical extent of the contamination.
In the 300 Areas similar sampling programs are required todefine the contamination levels in building surfaces, ducts,
and effluent systems potentially available for excess. In the600 Area and portions of other areas, land areas and facilitieswould have to be surveyed and spot-sampled to determine com-pliance with the established criteria prior to release. This* same data would establish a baseline of contaminant levels atthe time of release.

4x...-6 X
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Work will also be required to develop the concept and test the
validity of isolating buried contamination with concrete pads.

Biological Interactions

The objective of this work is to develop the information
required to establish criteria for effective isolation of
buried radioactive nuclides from botanical and animal life.

Currently, subsurface contamination does not constitute a
health hazard to humans since these areas are under continual
surveillance and rigid control. Potential radiological
problems associated with these areas, however, include the
up-take of radioactive materials by plants with roots that
tap the contaminated region, and the burrowing of small
animals into the contaminated materials.

Work needs to be done to systematically study the character-
istics and habits of the relevant life forms (other than
human) to determine the degree of isolation required to permit
an intermediate- or long-term storage mode. The nature of
contamination in soils needs to be studied in order to provide
a basis for establishing limits defining the uncontaminated
state.

Surf icial Hydrology

The objective of this work is to develop information which
will allow prediction of the movement of groundwater and
radionuclides through Hanford soils as a function of time and
space.

Currently, computer programs have been developed to simulate:

The movement of water in the partially saturated
zones, and

The movement of radionuclides with the water as
inhibited by the ion exchange properties of the soil.

As an adjunct to this program, laboratory tests are being
made to determine the rates at which cesium, strontium, and
plutonium might migrate in the very unlikely condition that
water was to percolate through the waste salt cakes and soil
to the groundwater.

Work needs to be done to provide information to permit an
analysis of the safety of storing the waste salt cakes in
underground tanks and of maintaining subterranean depositions
of radionuclides for decades or centuries. This program is
described in greater detail in reference 6.
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Water Movement in the Vadose Zone

The objective of this work is to define the natural movement
of water between the ground surface and the water table assuch water movements might affect the safety of storing.
radionuclides in this zone. This work will contribute tothe safety analysis of surficial storage considerations at
Hanford.

Because of the arid climate at Hanford water precipitated asrain or snow tends to evaporate rather than percolate to thewater table. Water movement in the vadose zone is known tobe very slow; however, the water balance and critical precip-
itation (precipitation rate at which percolation to the watertable is achieved) is not known with certainty. Tritiumn
concentration measurements indicate that surface water haspenetrated about 20 feet during the last 20 years and soil
moisture, humidity, and temperature measurements indicate
that there may be a net vapor phase migration of water upward
from the water table. The program is discussed in greater
detail in reference 7.

Site Seismicity and Earthquake Engineering

The objective of this work is to provide a sound technical
base for evaluating the probable magnitude and frequency ofW earthquakes and the resistance of existing and projected
structures to the maximum probable earthquake at Hanford.

A five-year program has been designed to utilize available
expertise including that of the U. S. Geologic Survey (USGS),
the National Ocean Survey (NOS), and University Consultants.
Currently, the program elements are as follows:

Consult with the nation's leaders (in universities,
USGS, NOS) on the various aspects of the study program.

Collect and interpret time-dependent seismic data.
Micro-earthquakes are now being measured via a
network of geophones by the USGS. The NOS has
located a recording seismograph at Gable Mountain
and ARHCO has placed six recording seismographs on
typical structures and ground surfaces.

Characterize Hanford soils in qualified laboratories
to determine the constants needed for computing
coupling between soils and structures as a function
of frequency spectra. Sensitive accelerographs are
being installed on existing structures to determine
if micro-earthquakes that are characteristic of the
region can be used to measure building response to
earth motions.
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Develop an earthquake model of the Hanford area to
predict the behavior of surface and subsurface structures
during a postulated severe earthquake.

The program is discussed in greater detail in reference 5. The
schedule has been delayed beyond that first proposed. The
costs presented in Table IX differ from those in reference 5
in that it is assumed that the work of evaluating reactor
structures after FY 1971 would be cut in half to cover the
K Reactors only.

Solid Waste Handling

The objective of this work is to develop the technology for
dismantling radioactive facilities, packaging their components,
and releasing the sites for unrestricted use.

Examples of needed technologies include the following:

*Decontamination of metal and concrete surfaces to
releasable limits.

*Measurement, sorting, and packaging techniques.

*Segmentation of massive equipment.

*Solid waste volume reduction (incineration, melting,
or alternatives).

*Removal and packaging of contaminated salt cakes.

*Demolition and packaging of underground storage tanks.

Removal of contaminated wastes and solids from the
ground.

A program designed to acquire and demonstrate the needed
technologies has been proposed and is described in reference
12. In this program the developed technologies would be
demonstrated by actually cleaning and/or removing part or
all of five facilities. The techniques involved are felt to
be representative of those required in decommissioning the
Hanford site. The demonstration areas selected are:

*A burial ground: At least a portion of the contents
would be packaged and buried on the 200 Areas plateau
for interim storage.

Redox dissolver cells: In one cell equipment would be
removed, compacted, and packaged for storage; in other
cells equipment and surfaces would be cleaned for
"1storage in place."
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.116-TX waste storage tank: The salt cake would be
removed and packaged and the tank demolished and
packaged (at least partially) for storage.

Sl-S2 crib: The soil would be removed to a depth of
about 65 feet (30 feet beneath crib bottom which
includes 99 percent of contained activity) and
packaged for storage.

Purex burial tunnel: Three massive pieces of equipment
would be removed, segmented, and packaged for storage.

The program is envisioned to require about nine years to
complete. The program is divided into two parts:

"Development of technology in support of the
demonstration.

"Full-scale demonstration.

Individually, the technologies for each of the five operations
are estimated to require about 1.5 to 2.0 million dollars.
Economies resulting from the similarities of required tech-
nologies would permit technology in support of the integrated
demonstration program to be developed for about 3.0 million
dollars. As indicated in Table IX, the demonstration phase
of the programs would cost about 36.3 million dollars.

Waste Processes

The objective of this work is to develop the technology for
processing various types of wastes in order to improve their
inherent characteristics for transportation or long-term
storage or to reduce overall campaign costs.

Large volumes of contaminated materials will be held in
storage on the 200 Areas plateau at the termination of
processing operations. Although the mass of actual fission
products produced during the production period at Hanford is
reasonably small, it is estimated that up to about 1010 cubic
feet of materials are contaminated to some extent with both
fission products and plutonium. Basically, the contaminated
materials may be classed as:

Encapsulated cesium and strontium

*Salt cakes

Buried solids

* . Contaminated soils
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The composition and contamination level of these materials
varies over a very wide range. For example, it is estimated
that about 107 cubic feet of salt cake will be in storage
with fission product concentrations of about 1 to 100 curies
per cubic foot. Most of the fission products, other than the
encapsulated cesium and strontium, are contained in the salt
cake. Buried solids consisting of cellulosic materials,
rubber, glass, plastics, and discarded metal equipment are
also estimated at about 107 cubic feet with contamination
levels varying from uncontaminated to about 100 Ci/cu ft.
Contamimated soils in crib dis osal areas and ponds are
estimated roughly at 108 to 10T0 cubic feet with contamination
levels up to about 1 Ci/cu ft. Plutonium in these materials
varies from uncontaminated to about 25 grams/cu ft.

The technology for handling these diverse materials and for
determining alternative processes is covered in two programs:

Volume Reduction Methods

Immobilization Processes

The objective of volume reduction work is to determine the
technical and economic feasibility of separating radionuclides
from their nonradioactive matrices such that the quantity of
material requiring high-level disposal methods is minimized.
The application of industrial and nuclear separations pro-
cesses will be explored. The challenge is the high degree of
decontamination required to achieve the low residual radio-
activity levels which may acceptably be defined as uncontaminated.
This work is discussed in greater detail in reference 11.

The objective of immobilization process work is to define the
technology for immobilizing the radioactivity in process
wastes as essentially insoluble compounds. For example, the
long-lived radioisotopes of concern - cesium, strontium, and
plutonium - are capable of forming simple or compound silicates
of very low solubility similar to natural minerals which have
remained intact in nature for'millennia; cesium is found in

\ pollucite (cesium aluminosilicate), strontium silicate
resembles anorthite (calcium aluminosilicate), and plutonium
resembles zircon (zirconium silicate) . The silicate products
can be formed by a hydrothermal process in which the reactions
take place slowly at high temperatures and pressures.
Scouting laboratory studies have shown that cesium can be
converted to a synthetic pollucite. Considerable work is
required to establish the effect of reaction variables on
conversion efficiency and product characteristics.

Alternatively, the silicates might be formed by a thermite-
type reaction involving salt waste, sand, aluminum, and,
possibly, crushed basalt. In nonradioactive demonstrations
of this process a dense rock having the approximate composition
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of basalt has been obtained. Preliminary data indicate that
the solubility of the rock is in the order of 10-7 grams per
square centimeter per day. The program requires laboratory
characterization and experiments with radioactive wastes
before its potential can be assessed.

These programs are discussed in greater detail in references
3, 8, and 9.

Deep Storage Investigations

The objective of this work is to determine the feasibility ofstoring radioactive waste in caverns mined in basalt formations
beneath the water table.

The geology of the Pasco basin is unique in that the area is
covered with successive basalt flows to a depth in excess of10,000 feet. Preliminary data indicate that a 200-foot-thick
layer of rock at a depth of 3500 feet is dense and hard, that
deep aquifers are effectively isolated from upper aquifers,
and that water migration past the location is very slow.
While available information is not yet sufficient to recommend
this concept, current data indicate that storage of radio-
active materials in this formation may be feasible. This
concept and development program are discussed in greater
detail in reference 10.

To date, one well has been dug to 5660 feet for hydrological
testing and three core wells to about 1200, 600, and 3500
feet, respectively, for rock studies. Currently, two deep
core wells are being drilled. Analytical methods have been
developed to permit positive identification of some basalt
flow units wherever they occur. Coupled with information
available from the Rattlesnake Hills well, a preliminary
picture of the stratigraphy has been obtained and some
tentative conclusions made with regard to historical
structural movements associated with the formation of the
hills in the area. A comprehensive program is in progress
to define the regional and local stratigraphy, the hydrology,
the geothermal gradient, the rock mechanics of the basalts
of interest, the age of the rock and formation waters, and
possible interactions between the rock and waste materials.
Simultaneously, engineering studies are planned to determine
the feasibility of mining a cavern and transporting waste
materials into the burial site. Assuming that the availa-
bility of funds would not be a limiting factor, it is
estimated that the investigations could be complete by the
end of fiscal year 1976 and that a demonstration shaft and
cavern could be constructed during the 1978-80 period.

* Packaging and Transportation

The objective of this work is to develop and define a safe
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and efficient transportation system compatible with Federal9
regulations and receiving site restrictions.

Packaging and transportation problems will be unique to the
Hanford decommissioning plan and work will be required to
achieve an economic optimization. New designs would likely
have to be developed and prototyped.
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COST SUMMARY

100 ARE AS DECOMMISSIONING

100-H Category A $1,000,000

Category B 3,000,000

Total $4,000,000

100-F Category A $1,200,000

Category B 3,800,000

Total $5,000,000

100-D & DR Category A $1,900,000

Category B 6,600,000

Total $8,500,000

100-B & C Category A $1,700,000

Category B 6,300,000

Total $8,000,000

100-KW & KB Category A $1,500,000

Category B 9,500,000

Total $11,000,000

100-N Category A $ 900,000

Category B 3,100,000

Total $4,000,000

GRAND TOTAL $40,500,000
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CODE FOR APPENDIX A

Contamination Status Construction

N - Not normally contaminated C - Reinforced Concrete
S - ,easurable Contamination CB - Concrete Block
G - Grossly contaminated T - Transite

TS - Transite Shakes
2- Steel

Proposed Action - Contaminated Facilities

1. Entomb reactor; seal doors on gas dryer, filter rooms;
demolish remaining building and cover with earth and
gravel; fill gas tunnels and valve pit; pour concrete
slab over storage basin.

2. Cover with concrete slab.

3. Fill with earth; cover with concrete slab.

4. Demolish, cover with earth and gravel.

5. Excavate, remove pipe, and place in 107 Basin.

6. Fill .ith earth; seal side and top'openings with concrete
slab.

7. Demolish building; place equipment in 107 Basin, cover
with earth and gravel.

8. Fill with earth. Cover with concrete slab.

9. Remove covers and fill building with earth rubble; replace
concrete covers.

10. Demolish building; fill pit with earth and rubble; seal
openings in floor with concrete slab.

11. Demolish tank, cover with earth and concrete slab.

Proposed Action - Noncontaminated Facilities

A. Sell building.

B. Demolish building; salvage and sell steel; fill trenches
and pipe gallery; dump rubble into clear well.

C. Demolish building; fill pit with rubble and earth.

D. Demolish building; fill filters and pipe gallery withrubble and earth.
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E. Demolish superstructure; construct concrete wall along
river side of remaining structure; concrete cover over
all openings in the floor.

F. Fill with rubble and earth.

G. Demolish building; dump rubble in pump room.

H. Demolish roof; fill with rubble and earth.

J. Demolish.

K. Sell equipment, demolish building, put rubble in clear
well.

L. Demolish building; place rubble in clear well.

M. Fill with earth.

N. Salvage equipment. Remove pump room roof; fill with

earth and rubble.

P. Sell equipment and building.

Q. Sell tanks.



* ARHi-2164
Page A. 5

m 20 0
C -T T N cq N~ 4n N, 00 CO co CO 0 a) 0 N~

(11

0

E-i~

4-J(1 4- j 4

u m m m M U UUUU UUU
zN

- C)C 0 0 0 0 0 D 0 C D C : ) 0 C D C

(NU l 1 C) CD2 (/ CN 12 (1(1 U, U- U- CC(2/21(2(21(1(
NT -N - -

(N~ ~~~~ Q)i a)c ~ 4c c N ~
-4 cc -

Cn-4 . C N 0 :5

cn r-i 10 ~ ro 0 )

mcl - Z r: x z ' -4 -4

-4 4 = j -q ~ o

4 ~ -5 4 -- 4 4!m W 0)
a, - - 4 0 (0 -4O- 4 0uH 0 4 0H 4J -W 0 ( =! a) -H

Cl) 4J a 14'' m ( Ii3 W W O m

0 u- QH- U- u 0H - - -4-444 4 44 W4 U

>I ) m! M ! Mn M~ $4i U L4~ C 4! 4! -H 44 0 0 zCi C) w 4J 4- :W Z 443 4.3 0 =1 '4i4 -H 04-W4
I-i~~ 0 U 124( U m/(2

'-4

I I I I I I I I 1 . 1 :o I:in L fl co No N- U- o ' uL L/) c- c n ino c cD cD -4 c c= c: c-. c0 <D moH c c
Z r~~~~~~~~~-4 r- - - .I - - - 4 r

no



1j~~~hARH- 2164
Page A. 6

w 0 0
O H U~ 4 44 Z 0 U ~ L

COu C)

0

4 C

U

0

E-U UU U UU-U E--(UZE-4Z UE-4

L4 Z J4 444 44444 4 444 440)4 44 4 M40044 Z

O N
0 C) C 0: C 0) CD 0 0 0 CD CD 0 0 CD 0D 0: 0 C0 CD CD

U) 0 : CD 0 n 0 1 C0 0 CD CD 0 0 U0 Ll V) 0 0 -1 0) D C0 0n

U)(N CD -:I r-- 0 N --I r- H O 10 110 0 CD 0q C D Z

(N -- 4 -N -4 c , r I -4mm C:) (

0 0
C) 0

0 Q

-41

C) 0 7) a xE
0 Cd Q) 0
0 rz d r. ~

ro U) rA- : -Y r U) -1
4 - Z md Cd t7 fo C) C U) 4

0 ) md C)u m md a) )~~ ~ C
5 C ) U) :: 1 E-4 :3 N U) r- E-1 W) Z VC

f4 0 0 w C)0 0 ~ 0 r W 0 E- E-4
4 C) -4 w- Cd 4 C) Cd 4 $4 U

U (V)-H Q04 4J 440 4 -i -P SJC ) U O - 44 4 04C W C) 4-H
>4 U)> LO - Cd - a ) 0 5 Cd (0 4 P0 5 44J -H'-44QK r ft :) -H U U J 0) W ) -r i C) Up M M ) 04

C)- Cd u C)- rC4 42 M 04 M- LO 4 4 M Cd C

4-I

u
X I I I I 4 I I I I
;;L4N (N ( ' ~ 0 i ~ - ~ C

4 0 ~ 0 o 0 0 O ~ 0 i

rq '4 H I H n mI - m - n o4 L c rI H z- Hn r m- -4 -4 -4 r- - c



ARE-2164
Page A. 7

m o 0

0

0
*Hu~)C

E'iZZz

ww

z

0
u

ZC) CD C)2 )
*DC 0 o

co CN N CN

4: u

C)~

0

00:
-- 1 0

04 4 0

.q a) w w E--

-H tC) a) 1C

a) : (n ( (v
E--lZ -I -H~

44

a) 1I I al



ARH-2164
Page A. 8

U)O Q0

r

0

14 a)
Cu LI)

oo
0

d U U U cnUnU U uU U U U E nc nu u

E- 4 4 )44 4 4 44 44 F 44 44r;4 rJ fZ4 44 444 4L

N

U') 00 C LCn. 0 0 = 0 0 0 0 00: C L( Ln D C )C 0 CD0 0 0 0 0
Cl) U Ln cN In (') 11 0) 0D 0 0 0 N cN 0 0) 0D 0) D (N (N In

(N (N i '-4 o CC (N 00 C)tD 0 00 C) aN N r- ,

-4 -4 - 'T C C

-H~c H- -H- -' 4 4 LI4I

a)~~ -4 LI) mI 0 a )~a ) -
-H -H -W 4j mC

M :Z a) a) 0 M Q 4 ~-1- 0 :: 3 ::
-4 4-4 04C J 4 - W 41 4 m 0 0 0

-40 0 m o 4 W _q Q - - - i f

Ua)u m - 44O 0-P a) a) 4- 4-4 -i -H -H a) a) m

-4

H 4-

oI ii i i ~; I I I I I I

0) 0 D C C 4 -1 -4 IDo 00 OCD a) i 0 0 0 D cD



ARH -2164

Page A. 9

m 0 0

124 E--

0

wto

fi z z z z z z z z z z z z z z z z z z z z z z z
0 0
u

W r-4 u
E0r-1-1 m o

0 ~ 44 4 44 44444 44 r4 4 444 r r4 4 r4~ t 4C 7 44 r-

z N
-4 CD 0 0: 0 0 0) 0 0) 0D 0 : C0 0 0D 0) 0C0 0 0 0 0 0 0

N-Oc 0 m' m 0 0 0000 (:DLn= 0-10 c) 0040o 4 -1 -4 C -
N4- (' o I'D rN -4 M 0,8 r-40C4 -

0
00

r-4 
0

0 2Z .1ti m Z C5 a
0r 0 , -,qp. o '0 .- z z

4 -14 --j &4 -

0 *Htot MH- (D .- 4
.H~ rd- E -) (nE- 0 E-4r= ( Z0 r. 4 C

41D 0 - 0 0 m ZDI-4 0 0 0=- Cd (a a)044 0 0 zw oo W WWOO~ W0 E-4
S-i S-i r. u 0 - S-I md Cd a) 4 -i 4 W4 $-l4 0 0U W )-H 04 -W 04 W 4 $4 S- 4 rO -W 44) fa a4 0 W ) -4 0 -HH>4> w -H -di -W 0 0 0 5 o14 W 41 2 5 E Cd -H -W Ln 44 44-1- W .,I ( -i-W W .a) -4 Q -4 : 0 40 M dO 4-4 44H a4 M~0 rJ M0U M0 M- a4 44 M2 U a P 4 M~ 0 0

4-I
Q)

-i C N N r n D C
I w w m m m m m w w 0- a- m w M w0 M NM'

z~~~ ~ ~ -1' r-4~ r- r-- C'.l r-i -1 r- C'. r- N- N- - 4 rq - - -i rq r rq -



ARH -2164
Page A. 10

Q)

m0 0

--4

CO U)t

SU

0
u-

U)

H

z4.4 .4 F.1 4J4rZ W . 4 1 4

O4 C) U)C) U) U) U) U) UD U) U)

D (N - ON m NO CDC

U) 00 r- =

0z

0 >1 > 1Q
4 4-4 4 C:

4) 0W 4-H 00

*r-4 C) d C) C)t)) Cd rd
U --4 0 --1 Lo M~4U) C 0 0 C)

>4 U) 4-4 Q 4~4 4-4 44 -4 4 Q 4 )
C-, () 4-4 (0 4-4 4-4 4-4 -H rd Cd ( C -H

4 0
-4

S-4 -4 -1 r-4 -4 r-4 - _j -I



ARH -2164
Page A.11

0z1
cn 0 0
0 H U -4-1 -4 - 0 = 0 m '--4 -q Ln "o -,r N 00 C (

a4 E-14 4 -

0

(-i

44

0d U ~ u~ 000

4-1 Q)

00 ~ ~ -uELl~~ -40
-4

-4-4 -

rZ-444 Z4 N T4.rX.)Z4 M

0~ C) 0 (o C: 0 C) 0 D -: C) C
H- C: C)4 CD' CD-CD 0 Ul Cd C4- .4-)0
0 00 4'I M 0- 0- CN N N 0 4 C

0 C)H- C1O Lr (N 5 00 -1 C)

0-4- U)) U)- W-H 02
t) -4 H- CO ft 4J 44J- Co ,q .4 -, z m-H ul -4 -d~4

,a Cd C: .4-) (J.3 ) Q) Cd (1) ) 44 4
: W- r. Z: W R &I --f a 0 (a4 m- 1 O 1

41 ~ ~ 4- 4J0 0 4

00 H4 .4 N0 NC0000-4 -

4 -J 4J - 4 r-- z4 41 4 (a- -H -4

44



ARHi-2164
Page A. 12

cn 0 0

0

z 0U
4-) U

(4-) (

0

E-U

4r444 44 4J F4 4 44 4 4 WFX 4444 4 44 W44 4

U N
z -H CD CD0 0 0 0: 0> 0 0 0) C 0 0 0 0 0D CD 0D CD 0 :

01 (1 Ln o~ o c0 0 c 0 0 0 0 0 o f c D c D Ln Lii 0= 0:

m- O i o (N (N (N (N (n rn) -1 .- 1 N

0 0

a -H mH mH

-Hi -H U)
(1o1 U) C-1 0 ) 412121-2 1 *-H 0nU a - i(

02 H- Cd4 QdH W )M M iH *H- :U5 U) d Cd H) H) C
.-1H E En U) ~H E3 0 -q - 0 0 z - C
4 a12 PW 0H 00 Q) (U (U 022

-4= - - Z Ct 0 0 -4 i- H E-i &i~
4 4 -i -1~ W H) (U4 (U 4 -i W Q) (4 .4U) ) (

) (U rO "0 -W 44 4-W4J Md MC 0 -W -W HH 0 (U ( )0~U
U > > (0CO -P 44 H D ( ) ZU -f 1-- 124 12- -HH Q 2 0

(U4 )-4H-H (U (U Q) (UH) -i -- 9 0 0 0 01 2 *H *H 4 md (a-
H Z MCf M1 ; 1 J U a4 ;- U U M U a4 in U E- E--' iZ

H

U4

rH -- IN
.12~~~r- rI I- -I I I I I I I I I I i



APR-2164
Page A.13

0n0C0 H 0 4l

a4 a

0

z zzz0

CU -) (12 )

4-) u 1

02

E-4

z

U N

0

00

-4 a a) -

>1 U -4 44 0 4

0-- W -4 -4 C:
Cl 0 44-0 M 4-'

C

Z) -4 ri I rI



ARH-2 164
Page A. 14

t)20 0
OH U - ~ C r (n1 00 Ul I' C 14N CN C r- N

0

ro U) ro

it 0m ~ u dl) 0n m (nl u
41U) a)

U)

444444M Z 4 4 4444r 44 44 4

a)i CD ) C D 0l C) C) CD) CD 0l CD U C l) 0 C )

-H 0n C0 0 0n c N k0 0) 0 0 C0 0 0 0,

Cl) 0 0 o -ii C) 0 1 (Ni 0 0 0 CD 0D 0 0

C HH 0 0D c
H4 Lii Li N Hi

>1

0 C:
-4 4 *H

Z:7 a) a) Cd U)
Z:7 4P 4 md

'H H -i -1 0 P
-H '5 -H- *H 4 ml m

'0 44 wd m u~ 0 0 Cd10 r
*HI 4J co 0 Q - --q 4 0 -z -:: 0

04: . 40 4 0 C 0 0 Cd 4
.H M - a) Cl)-H H 4$04 Cl

H401 4 H 4- m) u H uu
Q-i4 -H H C : 0 4 C d d O001 -0 Q Cdi coL~ H - -H-1H C
a) -P) Pd 0H -4 a) a) f(% - ::3 4J ro a)M u -

H 0 44 UU~ M Q)44rq U - i- H Q -

5-4

a) I I I I "vc

CD Hi H-- 0D 0 CD cr 0 0
r- H1 H- H- H- H H HHH i



ARH- 2164
Page A. 15

(n 0 0

0

(Ts U) r

-- 4 .4- U

o M

U) cq

M UUU UU UUUU UU E-1U ZU E- E-U Er-E-4E-4 E-4

z

z
o -i C) 0l C C) 0l 0l C C) C) C CD) C) U CD C) U) CD U CD CD

0 co CD C0D 0 0D 0) CD 0 0) 0 0D 0D 0f 0 0 cq 0) 0D N 0 0D CD 0

N O m m4 CD a D 0 -4 Ini .N 0 ('%( 4 ('4 w ('4C

('4 - 4 a c - I-

0
0 0

0 0
-4 0

0 Q.~ >

0

ao x ) U4
U) 0 m cn a4 z ): 0

00 z fl 00 r-I r 2 (
ro m Ci) a) (1) 0 U)

$4 r-I tU (U 9- C M) M 0
0 0 M (1) - 14 co - f ( n z) :: W4 V-4 ) En :% r -i E-4 i U c%4 r. Q 0 0 r .4-J 0 m Ul-4 Z - t U 0 ~ (U - 0

14 14 0 0 (1 q V 0 E-4 r-1I 4 3 : U) C: (1 -i HI 0 0 H
0.i4-r- (1 r-34. (U -- 4 4 o W V Z71 C) J 4J 4-) 0 CF)

U (3 -H 4 4J T3 4 4J 4 C- (1) 4 Cl C: *-4 -4 (W U )4. '-r- M (L4-4- a 0 1: () -1 a - 4J 4 : 0 4 0 ( 4 - - (0 --1

rZ4

.0 I I I I I I I I I I I I I r- N- r 1 m Q ,- 4 N' N' (' M M
1  

M~ M1 In 0 0D tT -4 0 0 r-4 -I= - 0 r-A

Z -4 - i - 4 - r4-i ,4 .4 -i r- 4- 4- r- -4 -4 - 4 - 4 -



ARH- 2164
Page A. 16

Lo C ) 0 ~ -

0

~4J 3)
m U) T

-,- 44

00

4L 44 44 FZ -1 44 44 44 44

HN CD CN N 0 0 D D D 0 CD4 (N

c 4 CD C 1 1 ) C D C D C

C> C

C) C)

4-4 0

Q)
t)-4 - 4

-14 4 0 0 -p M U) 4J

-H ro C)O Q4. u - -

4- 41 0 0 0 mD 4-44
04i C) 4 -H m 4- 00

-W tI j UI) 4 4 - -H ) C
4- 4- C ) 0 4 4-1 -WQ.

oC14 -Wl 4 HI C 0 -4 -H * C) -
02H 0 En- M4 4-)4 H 44-q -1 t .

C) 4 C) 0- -H - C) Q 4 -H--I -P 0 -1 444
H U) (0 L t- -W 4 - J 4 4 4

4-

C) - - 0 0 I r- - CD-



ARH -2164
Page A. 17

* a
0)-

0
.14

-4 4ul UO

Sz z z z z z z z z z z z z z z z z z z z

0

U)

-4 I- m = m
0 E-4 UU UUU U U UU U U -4 UE1 -4 U

41 4- 4J r4 r4 -4 44 *1i -4 0 44 .4 ; 4 44i 4 r4 r4 Z

U N

o (/0 00 000 D D0 Vl 000000C C C CN 00c
Z 0 C)m C 0 CD1 00 ('1 If (D (n1 C) -I 01) N" N"0 m'

C N 0) u-D 0 (4

00
0 0

-4a0

*HH : 0 0 0

f-I co m- ((20 C) 7)
0 C) ' C)-H CQ U) 4 04 $4i 0 -H U) (a
-A . - w 12 r- H 2 d 20 l -W :
4-1 z c 0 -4 0 Q) = m 0 0-

C1 0 0 0 z Q) 0 tP 4-i ~4 (

C)Hm r 4- 4 Z. U C) y) Q)
u. C) ) 4 '0 -W -W (z *-H 04 - ) E-4 - 0 4  r.-W J r -4 -
fl) 0 0(a 4 -W ) 02 -I> I -H 0 M 4 '0f~ C

E- C ) -p - Q)* .11 -4 (a 9 H 4 -4 H m 0 C

r-4

4

(n~~ ~ ~ ul Nn N N C i' 4r4r- c
5 01%0 M w w M M w ~ w w M n r-4 Hr



ARHi-2 164
Page A. 18

U) 0

0

(54 .) a)

z 4-J; 4-)

4 44) 44 44 (Z 44) r4

HN

0W CDl CDfl C CD) en
)0 CD CD CD C'o 0

C' C C) H- Q C)

.D Lf CN "T Lfl

CD -

a') mC) L

a) 44E--)

U) rL -H Ha C' 0
C) ~C) 0) C~L)

41 -H1 L) Q LO) H

.,-q C) a) -
H4 4J 0) ty) -1
u () - 4 - -P Q (4 4 O 4-)

m ~ C M :( U) M ~ ~ Q) H) 4 n -- 1 -
) (1H ) -iM- () -H 4 4 4

Cn a ) en -1 L
-H HD 0 C C )



- ARH-2 164
Page A. 19

c0 0

aF

a4,

0

-4 -

rz Z Z ZZ Z Z ZZ ZZ z z ZZZzzz

E--4

z
-~4-; ~ 4.i- JJ 4J 4) 4) Ji 4) 4-) 4-) 4- 4- 4 4- )

o a ) U) M~ LO Cn M cn M cn Cn n n Co cn M mn U)Uu N.D -H D 00 0 00 00 CDCD00aCCo C) 
0

0 0f 000 00 00ZLfl 0D0 - 0D o co r- un cc) 0 m- T 0 co 0 0C=

-~ Cl CN ~ ~ ~. ~ ~ ~ '4 (1 -

z 41)~ ~

0D m~ 0 4 E-m -1 'H-4 Q
0~. 0m
a, 4J 00 fl 0 r E-

0f Z'-4 H4 -H (r
-H 0- 0- 0' - E-i a, -'0 a, -W 0 4 - - La) z Ca, M ~4J. -H , '4 0 co-

0 l 04 M E-i E-~ - ~

0I~ H 4 0 a, M -4 r-4 P441-H 5 4J 4 0 MW OO0 M M -4 *H (v -H Cd Si S-4
'4- (0 ~ 0-44 -1 0) r 0 - 't a,J4 CH

-HQ )r 4 S-i S-I SI SI U 00 -10 0 Q) Q) * 4 S- d
0 ) Z -r-I- ;Z) r-4-4 0C-4 U U) a, 1-4 -H -H -H4 4J) > m md C -- H a, a, a, a, a,4 a, --H

E--H- a, 0 a, 0 0 -1~ -, -4 COd r :d 44~ 44 - C 'Z 0

a)i Z Z Z z
a I I I I I I I I I I n -' q1 0E) -- Z Z Z ZI N M M (n ZR : - n C )0



ARH-2164
Page B.l1

APPENDIX B

200 AREAS

200-East Area Facilities

200-West Area Facilities

Subterranean Activity

Active Cribs

Currently Inactive or Deactivated Cribs

Active Ponds and Ditches

Currently Inactive or Deactivated Ponds
and Ditches

Unplanned Surface Contamination
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CODE FOR APPENDIX B

Contamination Status Construction

N - Not contaminated C - Reinforced Concrete
S - Measurably contaminated CB - Concrete Block
G - Grossly contaminated T -Transite

TS - Transite Shakes
M - Steel
W - Wooden

Proposed Action - Category B

1. Remove contaminated equipment and loose debris. Package
for storage. Excess cold equipment. Fill structure.
Plug openings.

2. Fill tank. Cap openings. Mound 20 feet over salt cake.
Cap with reinforced concrete.

3. Mound and cap with reinforced concrete.

4. Remove contaminated soil to 20 feet below grade.
Fill hole. Mound and cap with reinforced concrete.

5. Mound 20 feet over contamination. Cap with reinforced
concrete.

6. Fill void volume. Mound 20 feet over contamination.
Cap with reinforced concrete.

Proposed Action - Category A

A. Excess equipment. Sell structure in place. If no sale,
raze structure - bury debris.

B. Raze structure and package for storage. Fill hole.

C. Remove tank contents and package. Raze structure and
package. Package contaminated soil. Fill hole.

D. Remove all contaminated soil. Fill hole.

E. Remove and package contaminated material and soil.

Fill hole.

F. Remove and package equipment. Raze structure and

package. Fill depression.
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ACTIVE CRIBS

Facility Function Bottom Area (Sq.Ft.)

216-A-3 203-A Wastes 400

216-A-7 241-A-152 Diversion Box Drainage 100

216-A-8 Tank Farm Process and Steam 17,600
Condensate

216-A-10 Process Condensate 12,375

216-A-li Trap Pit No. 1 Drainage 30" diameter

216-A-12 Trap Pit No. 3 Drainage 30" diameter

216-A-14 Vacuum Cleaner and Blower Pit 30" diameter
Drainage

216-A-15 216-A-10 Sampler Pit Drainage 2' diameter

216-A-22 203-A Wastes 6' diameter

216-A-26B 291-A Floor Drainage 4' diameter

216-A-27 293-A Building; 202-A Laboratory 2,000
Waste

216-A-30 Steam Condensate and Drainage 14,000

216-A-32 202-A Crane Facility 560

216-A-36B 202-A Ammonia Scrubber Waste 5,500

216-A-39 241-AX-801-B Building Drainage 360

216-A-40 Diverted 244-AR Wastes 8,000

216-A-41 296-A-13 Stack Drainage 100

216-B-1OA 292-B Floor Drainage 196

216-B-lOB 292-B Floor Drainage 196

216-B-12 Process Condensate 8,000

216-B-13 291-B-i Stack Drainage 4' diameter

216-B-5O ITS-i Condensate 900

216-B-55 Steam Condensate 7,500

216-B-57 ITS-2 Condensate 3,000

216-B-59 221-B Diversion Waste 8,000

216-C-2 291-C-1 Stack Drainage 12" diameter

216-C-7 209-E Waste 400

216-S-6 Steam Condensate 44,100

216-S-13 204-S Sump Waste 1,600
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ACTIVE CRIBS

Facility Function Bottom Area (Sg.Ft.)
216-S-21. 401-SX Condenser Cooling Water 2,500
216-S-23 Process Condensate 3,600
216-T-19 242-T Process and Steam Condensate 33,200
216-T-35 300 Area Waste 4,500
216-T-36 2706-T Waste 1,600
216-U-12 224-U Waste 1,000
216-Z-12 234-5 Laboratory Waste 6,000
216-Z-13 Exhaust Fan Drainage 36" diameter
216-Z-14 Exhaust Fan Drainage 36" diameter
216-Z-15 Evaporator Cooler Drainage 36" diameter
216-Z-16 BNW Waste 1,800
216-Z-18 236-Z and 242-Z Waste 6,210

TOTAL 183,022
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CURRENTLY INACTIVE OR DEACTIVATED CRIBS

Facility Bottom Area (Sq.Ft.) F~acility Bottom Area (Sc .Ft.)

216-A-1 900 2 16-B-11A 4' diameter
216-A-2 400 216-B-1iB 4' diameter
216-A-4 400 216-B-14 1,600

216-A-5 1,225 216-B-15 1,600

216-A-6 10,000 216-B-16 1,600

216-A-9 8,400 216-B-17 1,600

216-A-13 2' diameter 216-B-18 1,600

216-A-16 4' diameter 216-B-19 1,600

216-A-17 4' diameter 216-B-20 5,000

216-A-l8 6,400 216-B-21 5,000

216-A-19 625 216-B-22 5,000

216-A-20 625 216-B-23 5,000

216-A-21 960 216-B-24 5,000

216-A-23A 42" diameter 216-B-25 5,000

216-A-23B 42" diameter 216-B-26 5,000

216-A-24 28,000 216-B-27 5,000

216-A-26A 3' diameter 216-B-28 5,000

216-A-28 10' diameter 216-B-29 5,000

216-A-31 700 216-B-30 5,000

216-A-33 6' diameter 216-B-31 5,000

216-A-34 12,300 216-B-32 5,000

216-A-35 6' diameter 216-B-33 5,000

216-A-36A 1,100 216-B-34 5,000

216-A-37-1 7,000 216-B-35 2,520

216-A-38-1 7,800 216-B-36 2,520

216-B-4 8" diameter 216-B-37 2,520

216-B-5 8" diameter 216-B-38 2,520

216-B-6 8" diameter 216-B-39 2,520

216-B-7A 196 216-B-40 2,520

216-B-7B 196 216-B-41 2,520
216-B-8 1,344 216-B-42 2,520
216-B-9 864 216-B-43 900
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CURRENTLY INACTIVE OR DEACTIVATED CRIBS

Facility Bottom Area (Sq.Ft.) Facility Bottom Area (Sq.Ft.)
216-B-44 900 216-S-5 44,100
216-B-45 900 216-S-7 5,000
216-B-46 900 216-S-8 6,000
216-B-47 900 216-S-9 9,000
216-B-48 900 216-S-12 1,800
216-B-49 900 216-S-14 800
216-B-51 5' diameter 216-S-15 175
216-B-52 5,800 216-S-18 1,500
216-B-53A 600 216-S-20 3,600
216-B-53B 1,500 216-S-22 350
216-B-54 2,000 216-T-2 3" diameter
216-B-56 700 216-T-3 8" diameter
216-B-58 2,000 216-T-5 500
216-B-60 Two (Ea. 8' diameter) 216-T-6 1,260
216-B-61 1,750 216-T-7 26,200
216-B-62 5,000 216-T-8 1,260
216-C-1 184 216-T-9 500
216-C-3 500 216-T-10 500
216-C-4 200 216-T-11 500
216-C-5 200 216-T-12 150
216-C-6 200 216-T-13 400
216-C-8 6' diameter 216-T-14 2,200
216-C-10 160 216-T-15 2,400
216-N-2 500 216-T-16 2,400
216-N-3 500 216-T-17 2,400
216-N-5 1,200 216-T-18 100
216-N-7 1,200 216-T-20 100
216-S-1 900 216-T-21 2,400
216-S-2 900 216-T-22 2,400
216-S-3 1,000 216-T-23 2,400
216-S-4 30" diameter 216-T-24 2,400
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CURRENTLY INACTIVE OR DEACTIVATED CRIBS

Facility Bottom Area (Scq.Ft.) Facility Bottom Area (Scq.Ft.)

216-T-25 1,800 2 16-Z-lCrib 196

21-6-T-26 900 216-Z-lA 26,000

216-T-27 900 216-Z-2 196

216-T--28 900 216-Z-3 350

216-T-29 5,280 216-Z-4 100

216-T-30 14,400 216-Z-5 1,120

216-T-31 36" diameter 216-Z-6 300

216-T-32 950 216-Z-7 1,400

216-T-33 150 216-Z-8 36" diameter

216-T-34 6,000 216-Z-9 1,800
216-U-1 196 216-Z-10 6" diameter

216-U-2 196 216-Z-17 3,000
216-U-3 72" diameter 216-Z-17 3,000

216-U-4 6" diameter

216-U-4A 36" diameter TOTAL4365

21L6-U-4B 36" diameter

216-U-5 400

216-U-6 750

216-U-7 30" diameter

216-U-8 8,000

216-U-13 8,000

216-U-15 400
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ACTIVE PONDS AND DITCHES

Bottom Area
Facility Function (Sq. Ft.)

216-A-25 Pond 202-A Cooling Water and 224-AR 71 acres
Cooling Water and Steam Condensate

2l6-A-29 Ditch 202-A Chemical Sewer, Acid 39,000
Fractionator Condenser Cooling Water

216-B-2 Ditch 221-B Process Cooling Water and 24,570
Steam Condensate

216-B-2-3 Ditch 221-B Process Cooling Water and 23,532
Steam Condensate

216-B-3 Pond 221-B Process Cooling Water and 46 acres
(Present) Steam Condensate

216-C-9 Pond 209-E Waste 80,000

216-S-10 Ditch Chemical Sewer Waste 13,500

216-S-10 Pond Chemical Sewer Waste 5 acres

216-S-16 Ditch Condenser Cooling Water 6,800

216-S-16 Pond Condenser Cooling Water 31 acres

216-S-19 Pond 222-S Laboratory Waste 3.5 acres

216-T-1 Ditch Steam Heating Condensate 5,475

216-T-4 Ditch Process Cooling Water and Steam 6,800
Condensate

216-T-4 Pond Process Cooling Water and Steam 2.5 acres
Condensate

216-U-10 Pond 216-U-14 and 216-Z-11 Waste 22 acres

216-U-lb Ditch overflow from 216-U-10 17,200
(New)

216-U-14 Ditch Chemical Sewer Waste -224-U Cooling 44,800
Water, Laundry Waste

216-Z-11 Ditch Process Cooling Water and Steam 10,680
Condensate

TOTAL 187 acres
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CURRENTLY INACTIVE OR DEACTIVATED PONDS AND DITCHES

Facility Bottom Area (Sq.Ft.)

216-B-2-1 Ditch 19,980

216-B-2-2 14,200

216-B-3 Ditch 7,100

216-B-3 Pond (Old) 11.5 acres

216-N-i Pond 50,000

216-N-4 Pond 100,000

216-N-6 Pond 75, 000

216-S-11 Pond 1.5 acres

216-S-17 Pond 17 acres

216-U-9 Ditch 19,800

216-U-l1 Ditch (Old) 5,750

216-Z-1 Ditch 14, 040

TOTAL 37.0 acres
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UNPLANNED SURFACE CONTAMINATION

VOLUME OF CONTAMINATED EARTH

VolumeIdentification Area Size (Ft.) (000's Cu.Ft.)
2l8-E-13 - Concrete from East l~xl~xlO 1.0
Encasement

Route 4-S - Spill East 20x50x2 2.0
241-CR - Steam Cleaning Pit East 20x50x10 1.0
B-C Cribs - Outer Area - East 250 acres 10,890
Gross Contamination

B-C Cribs - Scattered East 3000 acres 1,000
Contamination

216-S-207 -Redox Retention West 6Ox6Ox6 21.,6
Basin

216-S-15 -Cooling Water Pond, West 4OxlO0x6 2.4
241-S Tank Farm

233-S - Filter Room - Floor West 30x45x3 4.05
Drain Overflow

South Shoulder of 23rd Street West 3500x10x1 35.0
Ground Areas East of Camden West 250x750xl 187.5

* Avenue between 19th and 22nd
Streets

Acid Spill - 221-U Building, West 65x90xl 5.9
Section 1-R through 5-R

U-152 - Interface Crud Burial West 20x20x10 4.0
Cold Burning Pit West l0x15x6 0.9

TOTAL 12,155.35
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300 AREA

Battelle -Pacific Northwest Laboratory
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CODE FOR APPENDIX C

Contamination Status Construction

N - Not contaminated C - Reinforced Concrete
S - Measurably contaminated CB - Concrete Block
G - Grossly contaminated T - Transite

TS - Transite Shakes
M - Steel
W - Wooden

Al - Aluminum
Proposed Action - Category B

1. Remove contaminated equipment and loose debris. Package
for storage. Excess cold equipment. Fill structure.
Plug openings.

2. Fill tank. Cap openings. Mound 20 feet over salt cake.
Cap with reinforced concrete.

3. Mound and cap with reinforced concrete.

4. Remove contaminated soil to 20 feet below grade.
Fill hole. Mound and cap with reinforced concrete.

5. Mound 20 feet over contamination. Cap with reinforced
concrete.

6. Fill void volume. Mound 20 feet over contamination.
Cap with reinforced concrete.

Proposed Action - Category A

A. Excess equipment. Sell structure in place. If no sale,
raze structure - bury debris.

B. Raze structure and package for storage. Fill hole.

C. Remove tank contents and package. Raze structure and
package. Package contaminated soil. Fill hole.

D. Remove all contaminated soil. Fill hole.

E. Remove and package contaminated material and soil.
Fill hole.

F. Remove and package equipment. Raze structure and
package. Fill depression.
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300 AREA FACILITIES TO REMAIN ACTIVE
WESTINGHOUSE HANFORD COMPANY

Number Description Size Walls

306 Metal Fabrication Development 380x160x25 M

307 Retention Basin 100x35x10 C

308 Fuels Laboratory 142x140x33 CB

Office 169x40xll CB
321 Engineering Development Lab 122x87x24 C

324 Chemical and Materials Lab 240xl65x35

325 Radiochemistry 196x194x33 M

326 Physics and Met. 190x180x38 M

327 Radiometallurgy 215x140x32 M

328 Engineering Management and 222xl10x42 M
Technical Shops

335 Sodium Loop Facilities 100x60x30 M

336 LMFBR Facility 50x50x65 M

337 HTST Facility 170x70x90 C

170x45x40 C
340 Retention and Neut. - 80x42x23 Corr. Asb.

3707-F Personnel Survey 15xlOxlO M

3718 Janitor Service Building 80x42x18 M

Office 28x22x12 CB

3726 Propane Storage M

3717-B Storage
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APPENDIX D

600 AREA
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