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UNDERGROUND STORAGE TANK - INTEGRATED DEMONSTRATION 
PARTICIPANT SITE CHARACTERISTIC SUMMARY 

J. K. Rouse, T. J. Mclaughlin, S. P. Airhart, 
E. J. Jensen, S. L. Lindberg, and D. D. Robinson 

Bovay Northwest Inc. 

J. N. Cruse 
Westinghouse Hanford Company 

ABSTRACT 

This document serves as a baseline information resource for activities 

associated with the U.S. Department of Energy Underground Storage Tank -

Integrated Demons-tration Program. Technologies being developed by the program 

are targeted toward tank waste remediation actions at the following 

participant sites: Hanford, Savannah River, Oak Ridge, Idaho, and Fernald . 

The primary focus of t~e document is to provide information regarding 

-expected environments in which Underground Storage Tank - Integrated 

Demonstration-developed technologies must function. This document should aid 

principal investigators in determining if technology concepts may have 

application to underground storage tank and near-field environments, given 

site baseline characteristics and conditions. A su11111ary of each participant 

site's history, description, and process history; climatic conditions; 

retrieval facilities (if any); waste characterization capabilities; and 

underground storage tank physical, chemical, radiological, and geologic 

conditions is provided. 
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Detailed information is provided for a total of 334 underground storage ;f}n 
. \~~;r 

tanks distributed among the five participant sites (Hanford, 177; Savannah 

River, 51; Oak Ridge, 91; Idaho, 11; and Fernald, 4), including type, 

location, operating history, construction materials, capacity, waste type, 

environmental status, and radiological and chemical characteristics. 

Recipients of this document are encouraged to provide comments and input 

based on additional information and changes in the participant sites' 

underground storage tank data. Revisions are planned periodically to reflect 

any new information received. Any input or comments should be addressed in 

writing to the Underground Storage Tank - Integrated Demonstration Program 

Office, as follows: 

C.H. Johnson, UST-ID Program 

Westinghouse Hanford Co . , HSIN L5-63 

P.O. Box 1970 

Richland, WA 99352 
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EXECUTIVE SUMMARY 

This document serves as a baseline information resource for activities 

·associa~ed with the U.S. Department of Energy Underground Storage Tank -

Integrated Demonstration Program. Its primary purpose is to provide 

information regarding expected environments that proposed technologies must 

·function within. This document should aid principal investigators in 

determining applicability of technology concepts in underground storage tank 

and near-field environment remediation actions, given site baseline 

characteristics and conditions. 

Technologies being developed by the UST-ID Program are targeted toward 

tank waste remediation actions at the following DOE p~rticipant sites: 

Hanford Site, Washington; Savannah River Site, South Carolina; Oak Ridge 

National Laboratory, Tennessee; Idaho National Engineering Laboratory, Idaho; 
~ 

1 ~~ and Fernald Environmental Management Project, Ohio. The.scope includes 
I 

334 underground storage tanks that currently contain 381,802 m3 (100.9 Mgal) 

of high-level and low-level radioactive waste. The 784.5 ~Ci of radionuclides 

are distributed primarily among the transuranic elements and some fission 

products (e.g., 137Cs and 90Sr). The waste contains a wide variety of 

hazardous and nonhazardous chemical components, ranging from sodium salts) 

acids, metal oxides, and heavy metals. Approximately half of the waste is 

composed of sodium nitrate and nitrites. Water accounts for 31.3% of the 

waste. There are also large amounts of metal oxides, especially iron and 

aluminum oxide. In-tank atmospheric conditions vary from near ambient to 

temperatures over 93 °C (200 °F), with some tanks occasionally containing 

potentially explosive gas mixtures. Tank void space radiation fields can be 

as high as 10,000 R/h. Of the total participant site inventory, the tanks at 

~ the Hanford Site ~nd the Savannah River Site contain most of the waste, 60.4% 

-vii 
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and 33.7%, respectively . Site climatic conditions vary from arid desert 

conditions at the Hanford Site and the Idaho National Engineering Laboratory 

to humid forest conditions at the Savannah River Site . 

This document addresses only underground and below-grade tanks . It 

generally does not address storage tanks inside existing structures or above­

grade tanks. The only exceptions are the Fernald silos, which are above-grade 

but have bermed sides for radiation shielding. The scope of the document 

covers those tanks designed for or currently storing radioactive waste . 

Underground storage tanks for the storage of nonradioactive material 

(e.g . , petroleum) are outside the scope of this document . 

The information for this document was compiled primarily from publicly 

available and fully referenceable documentation. During the research stage of 

this document, it was found that the availability of such documentation varied 

from site to site. This can be attributed partly to the fact that the 

U.S. Department of Energy has entered into Federal Facility Agreements wi th 

the U.S. Environmental Protection Agency and the respective state agencies at 

different times at the sites. For example, the Hanford Site has had a Federal 

Facility Agreement in place since 1989, while the Oak Ridge National 

Laboratory entered into its Federal Facility Agreement as recently as 

January 1992. As a result, the Oak Ridge Reservation is at a different stage 

in its underground storage tank remediation and documentation efforts as 

compared to the Hanford Site. 

The characterization, retrieval, segregation, treatment, closure, and 

disposal of wastes in and near the underground storage tanks described in this 

document may be one of the most complex and resource-intensive cleanup 

initiatives ever attempted by a government agency . 
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UNDERGROUND STORAGE TANK - INTEGRATED DEMONSTRATION 
PARTICIPANT SITE CHARACTERISTIC SUMMARY 

1.0 INTRODUCTION 

This section su11111arizes the general environment and conditions of 
underground storage tanks (UST) at the five Underground Storage Tank -
Integrated Demonstration (UST-ID) participant sites (Hanford Site, Idaho 
National Engineering Laboratory [INEL], Fernald Environmental Management 
Project [FEMP], Oak Ridge National Laboratory [ORNL], and Savannah River Site 
[SRS]). The discussion provides emphasis on extremes and bounding conditions 
in which technologies must function if implemented. 

1. 1 SITE OVERVIEW 

The UST- ID participant sites are located in the northwest, mideast, and 
southeast part of the United States. They range in size from 4.3 to 2,315 km2 

(1 .6 to 894 mi 2
) for the FEMP and INEL, respectively. The five si tes are 

located in rural areas of the country. They are operated by management and 
operating contractors who employ between 1,400 (FEMP) and 18,000 (SRS) 
employees . The sites are highly diverse in geological and meteorological 
conditions. 

0;.~t The USTs and the wastes within them vary significantly ~epending on the 
\~ff si te missions and process histories . Figures 1-1 and 1-2 show the total UST 

capacities and total waste for each of the five sites, respectively . 
Figure 1-3 shows the waste volumes relative to tank capacities of all the 
334 USTs covered in this document. 

1. 1.1 History and Missions 

All five sites began operating between 1943 and the early 1950's. They 
have primarily supported special nuclear materials production (e.g . , enriched 
uranium, plutonium, tritium), refinement operations, and research programs as 
part of the development of nuclear weapons during, and subsequent to, World 
War II. Most of the site missions have evolved from weapons production into 
peaceful uses of nuclear power, research and development, and environmental 
cleanup programs. 

A variety of processes have been used for the production of nuclear 
materials at these sites . The UST waste has resulted from the processes used 
to separate nuclear fuel from other components. The waste is a mixture of the 
separation chemicals used in the processes and the fission and subsequent 
decay products generated in the initial production step. Early separJtion 
processes generated large amounts of waste per ton of product (64 .5 m /ton 
[117,000 gal/ton]). · 
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Figure 1-1 . Total Tank Volumes for the Five UST-ID Sites. 

Hanford 

64.6% 475, 160 m3 

ORNL INEL 

1.7% 12,630 m3 

SAS 

30.2% 221,900 m3 

FEMP 

2.5% 18,170 m3 

39212017.1 

Figure 1-2. Total Waste Volumes for the Five UST-ID Sites. 

Hanford 

60.4% 230,531 m3 

OANL 

0.8% 3, 181 m3 

INEL 

2.3% 8,680 m3 
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SAS 

33.7°/4128,650 m3 

2.8% 10,760 m3 
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Figure 1-3. Percent of Operating Capacity Filled with Waste 
for All Five DOE Sites. 
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Modern processes, such as the plutonium-uranium extraction (PUREX) 
process generate relatively small amounts of waste per ton of product 
(1 . 14 mj/ton [300 gal/ton]). In fact, a primary factor in the design of more 
modern chemical processes was waste minimization . 

Due largely to the decline in defense spending and the implementations of 
federal facility agreements, emphasis of the U.S. Department of Energy (DOE) 
complex is currently on environmental cleanup. 

The UST wastes are currently being characterized for physical, chemical, 
and radiological properties. The tanks are also remotely monitored for waste 
temperature, heat output, radiation levels, etc. They are measured using 
in situ technologies such as thermocouple trees and different types of level 
indicators. Visual inspection of the waste from the interior of the tank is 
accomplished by a variety of still and motion cameras, which are lowered into 
the tank through risers, or through periscopes lowered into the tank 
headspace. 

Physical, chemical, and radiological properties are primarily determined 
by analysis of waste samples in laboratory "hot cells . " Hot cells are 
specially shielded rooms with manipulators that are used for preparation and 
analysis of tank waste samples. Waste samples are gathered by various methods 
based on the waste characteristics. Liquid samples can be recovered 
relatively easily, while solid or semisolid waste recovery requires core 
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samples to be taken. All of the UST waste is radioactive (some exceeding 
10,000 R/h within the USTs); therefore, personnel handling precautions must be 
taken. Precautions range from limiting exposure time to keeping the samples 
in lead-lined containers for extraction in hot cells. Some work also has been 
done with computer and synthetic waste modeling using known waste chem i stry, 
process and transfer records, and radioactive decay properties. 

The five participant sites are currently engaged in a number of basel i ne 
planning activities regarding remediation of the tanks and waste. The basic 
strategy common to all sites is a five-step process: (1) retrieval, (2) waste 
separation, (3) treatment, (4) disposal, and (5) tank closure . Actions to 
achieve closure of the empty tank structures (following retrieval) have not 
been determined in most instances. 

1.1 .2 Climate/Weather Conditions 

Climatic conditions vary from arid desert conditions at the two northwest 
sites (Hanford Site and INEL) to humid forest conditions at the SRS in the 
southeast. Table 1- 1 shows the weather extremes based on the annual weather 
data collected from the five UST-ID sites. The SRS is exposed occasionally t o 
violent weather conditions, including tornados and hurricanes . The other four 
sites are geographically more protected and thus experience minimal viol ent 
weather activity. 

Table 1~1. Minimum and Maximum Annual Weather Data From 
the Five UST-ID Sites . 

Condition Data 

Rainfall 15. 9 to 114 cm (6.25 to 45 in . ) 
Temperature -17.8 to >37.8 °C (0 to >100 °F) 
Wind 8.1 to >49 .9 km/h (5 to >31 mi/h) 
Humidity 10 to 90% relative 

1.2 TANK AND WASTE INVENTORY AND CONDITIONS 

The 334 USTs that are within the intended scope of the UST-ID Program 
have a total capacity of 735,786 m3 (194.4 Mgal). Over 94.8% of this capacity 
is located at the Hanford !ite (64.6%) and the SRS (30.2%). The USTs range in 
size frfm 0.114 to 4,920 m (30 gal to 1.3 Mgal), with an average capacity of 
2,270 m (600,000 gal). The USTs generally have flat bottoms and domed 
overheads that are 0. 91 to 2.4 m (3 to 8 ft) below grade and are constructed 
of a variety of materials: reinforced concrete, gunite, and carbon and 
stainless steel. Two containment designs have been used in the design of the 
USTs: (1) a reinforced concrete shell with usually one or two carbon or 
stainless steel liners (single-shell tanks [SST] and double-shell tanks [DST], 
respectively), and (2) a metal tank (carbon or stainless steel) in a 
reinforced concrete underground vault. The first design was used at the 
Hanford Site, FEMP, and SRS; the second design was used primarily at the INEL . 
Both designs are represented at the ORNL. 
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Access to the USTs is achieved through vertical access ports called 
"risers." More recently constructed tanks have several risers for tank 
~~r~mentation and waste sampling. Older tanks have fewer risers, which 
r<..:i::lrict access to the tank waste. Some tanks at the ORNL have access only 
vi a underground process piping. Risers on DOE USTs range in size from 10 .2 to 
107 cm (4 to 42 in.). Most of the existing risers are already being used for 
temperature monitoring, level indication, etc . Void spaces above the maximum 
operational waste height for the USTs vary from 0.33 to 3.6 m (1 to 12 ft). 

1.2.1 Tank Waste Characteristics 

Approximately 381,802 m3 (100.9 Mgal) of waste are stored in the USTs at 
the five sites. The tanks at the Hanford Site and the SRS contain most of the 
waste, 60.4% and 33.7%, respectively. Based on the total waste inventory 
versus the total capacity, the average level of the tanks is approximately 
52%. Actual waste levels range from empty to over 99% of the operating 
capacities. Figure 1-4 shows a composite of the physical, chemical and 
radiological characteristics for all the DOE USTs covered within this 

* document. 

1.2.1 .1 Physical. The waste has five general physical forms: liquid 
(supernatant for Hanford, SRS, and ORNL), sludge, slurry, salt cake, and dry 
powder. Liquid waste at the five sites has two forms, acidic and alkaline . 
Acidic liquid wastes at the INEL and ORNL contain large concentrations of 
nitrate and sulfate anions and small concentrations of dissolved metals . 
Alkaline waste or "supernatant" at the Hanford Site, SRS, and ORNL primarily 
~~\ains nitrate and nitrite salts and soluble radionuclides such as 137cs . 
~~eneral, sludge contains the insoluble components of the waste, primarily 
metal oxides, hydroxides, and insoluble radionuclides such as 90Sr; it has a 
consistency ranging from a thick mud to a dry-hard substance. Slurry i·s a 
mixture of sludge and supernatant and has a consistency of thick soup. Salt 
cake is the result of the evaporation of supernatant, and although it has a 
similar chemical composition, its consistency is usually hard and crusty. Dry 
powder waste consists of dried metal oxides and is characterist ic of the waste 
in only one tank at FEMP. Most of the waste (97%) is evenly distributed 
between the supernatant, sludge, and salt cake waste types. Waste physical 
descriptions vary widely from site to site. Table 1-2 provides the ranges for 
certain key parameters. 

Table 1-2. Typical Physical Descriptions of the 
Underground Storage Tank Waste at the Five Sites. 

Condition Data 

Temperature Near ambient to >93 °C (200 °F) . 
Density 1. 1 to 2 . 1 g / cm 3 (9.1 to 17 .1 lb/gal) 
Water percentage Nearly dry to >70% 
Heat output None to >150 W/ton (500 Btu/h/ton) 

(~~ *chemical and radiological pie charts in Sections 1 and 3 are partial 
r~;;tt ings. Chemicals and radiological isotopes with miniscule amounts are 
grouped within "Others" for clarity. 
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Figure 1-4 . UST-ID Waste Relative Characteristics .* 

Volume (m3) 
Mass (Mkg) 

Slurry 2.0% 
7,722 

Powder 0. 7% 4 

Liquid 35.0% 
200.58 

Slurry 
1.7°/410.02 

Salt Cake 38.6% 147,305 Salt Cake 40.7% 233.40 

C03 0.7%4Zl 

Chemical Composition (Mkg) 
Al 2.0% 11.61 -

Fe 0.4%2.47 
N02 3.2% 18.37 

504 1.5% 8.70 
P04 1.9% 11.14 

Na 18.8% 107.43 

Others 7.0% 40.22 

N03 29.9% 171.35 

Radiological Activity (MCi) 
144ce 0.4% 3.45 

Radiological Mass (kg) 

90sr 0.1% 1,587 
137cs 0.1% 2,318 

147Pm 3.2% 25.42 / 

Others 16.1 % 
126.43 

90sr27.9% 
218.97 

137cs 25.5% 
200.42 
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1. 2. 1.2 Chemical. Except for INEL and some ORNL wastes, which are acidic, 
t,~_most of the UST waste forms are alkaline . The waste contains a wide var iety 
/);-,' of hazardous and nonhazardous chemical components, including sodium salts, 

acids , metal oxides, and other heavy metals. Approximately half of the waste 
is composed of sodium nitrate and nitrites. There are also large amounts of 
metal oxides, especially iron and aluminum oxide. The ORNL waste is the most 
di verse because it is the product of various laboratory activities and pi l ot 
plant testing : The FEMP waste is largely composed of nonhazardous materials 
but still contains significant amounts of lead, magnesium, iron, calcium, and 
small amounts of arsenic, mercury, and other heavy metals . Table 1-3 lists 
the estimated total amounts of the different chemical types at the five DOE 
sites . 

Table 1-3. Estimated Tank Chemical Mass Totals for the 
Five UST-ID Sites. 

Mass 
Component Percent 

{kg) {1 b) 
co ·2 

3 4, 268,170 9,410 ,010 0.7 
er 120,520 265 ,670 0.0 
F- 272,700 601 , 140 0.0 
ow 18,117,480 39,953 , 260 3.2 
NO -

3 171,348,200 377,686 ,400 29 .9 
NO - 18,371,000 40,517 ,000 3.2 2 
PO ·3 11,136,680 24,581 , 100 1. 9 4 
so ·2 8,696,630 19,182,700 1.5 4 

Al 11,606,630 25,588,360 2.0 
Ba 35,067 77,313 0.0 
Ca 939,810 2,069, 730 0.2 
Cr 583,311 1,293,796 0 .1 
Fe 2,471,538 5,453,950 0.4 
Pb 287,067 630,588 0 .1 
Mg 300,800 661,030 0 .1 
Ni 332,281 732,413 0.1 
K 111,780 246,450 0.0 
Se 1,598 3,522 0.0 
Si 19,000 41,888 0.0 
Ag 170 372 0.0 
Na 107,428,600 236,873,400 18.8 
Others 36,882,300 81,307,560 6.4 
Organics 331,870 731,730 0. 1 
H20 179,244,000 395,179,000 · 31.3 

Total 572,907,202 1,263,088,382 100 .0 
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1.2.1.3 Radiological. Tanks at the five sites contain approximate~y 
784.5 MCi of radionuclides, with 68.6% and 26.7% being stored at the SRS and 
Hanford Site, respectively. The remaining 4.7% of the radionuclides are 
distributed at the other sites, primarily at INEL. There is a wide variety of 
radionuclides, ranging from transuranics (TRU) to fission ?,roducts and their 
associated decay products. The TRUs are ~rimarily 238U, 23 U, and 239 Pu . The 
fission products are primarily 137Cs and 9 Sr. Table 1-4 lists the total 
activity and mass of the radionuclides at the five DOE sites. 

Table 1-4 . Estimated Radionuclide Content for the Five UST-ID 
Storage Tank Sites. 

Activity Mass 
Radionuclide 

(Ci) (kg) ( 1 b) 
239Pu 173,573 2,803 .0 6,177.0 
23sPu 1,430 0.0 0. 1 
238U 551 1,635,840 .0 3,606,130 .0 
23su 199 92,163.0 203,180 .0 
z34u 11 1. 9 4. 1 
233u 73 7.7 17 .0 
230Th 410 21.0 48 .0 
226Ra 810 0.8 1.8 
210Pb 980 0.0 0.0 
141Pm 25,420,600 26 .0 58 .0 
144ce 3,453,414 1.1 2.4 
131Ba 27,710,000 0.0 0.0 
137cs 200,416,290 2,318.0 5, 110 .0 
90Sr 218,969,620 1, 587 .0 3, 498.0 
90y 182,080,000 0.3 0.7 
Others 126,253,000 354.0 781.0 

Totals 784,480,362 1,735 , 123.8 3,825 , 008 . 1 

1. 2.2 Tank Void Space Conditions 

Tank void spaces vary from large tank domes at the Hanford Site and FEMP 
to practically none for some of the ORNL USTs. The Hanford Site USTs have 
domes that are typically 3.6 m (12 ft) high and 22.7 m (75 ft) in diameter. 
The operating height of the tanks is generally 1 m (3.3 ft) below the top of 
the side wall. The SRS USTs have a flat top, and the operating height ends 
approximately 2 m (6.6 ft) below the ceiling of the tanks . 
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1.2.2. 1 Physical. Physical characteristics of the void spaces for · the 
par ti cipant site USTs are summarized as follows : 

• Temperature--Near waste surface temperature . Most of the USTs are 
equipped with thermocouple trees which give a temperature profi le 
from top to bottom of the tank. 

• Pressure-- Near ambient pressures. None of the tanks are 
pressurized. (Pressures vary slightly depending upon atmospher i c 
cond i tions . ) 

• Humidity--The void space humidities are near the saturation point 
for water in ai r for the given void temperature. 

1. 2.2.2 Chemical. The void space contains small conc~ntrations of many 
vol atile chemicals or gases present in the waste. Because the tanks are 
vented to the atmosphere through filters, the concentrat i on should remain 
qu i te small. Some of the Hanford Site UST waste produces hydrogen and ni trous 
oxi de gases due to the radiolytic decompos iti on of the organic and inorgan ic 
components of the waste. These gases accumul at e in t he void space until 
ven ted t o t he atmosphere. For one of these tanks (101-SY), the concentration 
peri od icall y reaches the lower explosive limi t for one or both of the two 
gases. Peak hydrogen concentrations in the ventilation header have been 
measured in the range from 0.02% to 4.7% in five recent events (April 1990 , 
Augus t 1990, October 1990, February 1991, and May 1991) (Wilson 1991). 
Spec ial precautions are taken to prevent the ignition of this potentially 
expl osive mixture and to safely vent the gases o 

1.2. 2.3 Radiological . For the Hanford Site and SRS, radiat i on fields over 
t he waste surface can exceed 1,000 R/h. Some USTs at these si tes have rad i a­
ti on fields exceeding 10 ,000 R/h. The INEL and ORNL waste has less radio­
l ogi cal activity and generally does not exceed 100 R/h over the surface of the 
was tes . The FEMP waste is similar in act i vity t o uranium mine tailings . 

Due to the presence of these high rad i ation fields i n some USTs, 
in strumentation frequently fails, especiall y in electronic packages . As a 
res ult, backup electronic instrumentation is frequently provided . 

1. 3 TANK EXTERIOR AND NEAR-FIELD CONDITIONS 

The soil to tank/vault interface of the USTs described by this document 
i s a reinforced concrete or steel wall/barrier. The tanks were constructed by 
excavation of a large pit. After the tank construction was complete, 
excavated soil was backfilled over the tanks to provide the necessary 
shi elding. The following sections describe tank leakage to the surrounding 
soil s and the overall geology of the sites . 

1. 3. 1 Leakage 

.•~i;.~ Seventy-nine tanks at the five sites have (or are assumed to have) leadked 
~~ waste to the surrounding environment. Of these tanks, 66 are at the Hanfor 

~
9

· Site, 1 is at the SRS, and 12 are at the ORNL. The Hanford Si t e USTs have 
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leaked approximate'ly 3,419 m3 (0.9 Mgal) of waste containing estimates of up · 
to 1,147 kCi of radionuclides. The amount of waste leakage from the 13 tanks ({ff) 
at the ORNL and SRS is not currently known. 

Waste that has leaked from the 66 known or suspected leaking Hanford Site 
tanks has been absorbed mostly by the nearby surrounding soil. This is due to 
the lack of a driving source to cause migration (less than 5% soil moisture 
and semi-arid precipitation conditions). The waste has most probably leaked 
at the tank knuckles located at the bottom of the outside wall. The leaked 
waste has migrated in the soil both in a vertical and horizontal pattern. 
Assuming the soil under the USTs has an average soil moisture of. 5%, and based 
on the total volume of leaked waste (see Table 4-14), an estimated 68,350 m3 

(18.1 Mgal) of soil is contaminated with leaked tank waste. 

A number of documents are available that provide detailed information on 
Hanford Site UST leakage and its effects. See the reference section in 
Appendix Hof the Tank Farm Survei11ance and Waste Status Summary Report for 
March 1992 (Hanlon 1992) for the Hanford Site references. 

1.3. 2 Overall Hydrology 

~ Water tables vary from approximately 60.6 m (200 ft) for the Hanford Site 
~ and INEL, to approximately 12.1 m (40 ft) at the SRS. For one SRS tank farm , 
~ tank bottoms are below the water table during part of the year . Facilities at 
~ most of the sites occupy only a small percentage of the land area , with the 

majority of the land remaining largely undisturbed. 

~ 1.4 DOCUMENT ORGANIZATION 

Section 1.0 summarizes the data presented in the document. Section 2.0 
- provides an overview of the UST-ID Program. Section 3.0 provides brief 

introductions to the five participant sites, as well as a brief description of 
the USTs and waste characteristics. Sections 4.0 through 8.0 present detailed 
information for Hanford Site, FEMP, INEL, ORNL, and SRS, respectively. 
Appendixes A through E are a compilation of UST and waste characteristics data 
in tables and spreadsheet form for each of the five sites. 

1.5 REFERENCES 

Hanlon," B. M., 1992, Tank Farm Survei11ance and Waste Status Report for 
March 1992, WHC-EP-0182-48, Westinghouse Hanford Company, 
Richland, Washington. 

Wilson, G. R., and I. E. Reep, 1991, A P1an to Implement Remediation of Waste 
Tank Safety Issues at the Hanford Site, WHC-EP-0422, Rev. 1, Westinghouse 
Hanford Company, Richland, Washington. 
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2.0 UNDERGROUND STORAGE TANK - INTEGRATED 
DEMONSTRATION PROGRAM OVERVIEW 

The principal objective of the UST-ID Program is the demonstration and 
continued development of technologies suitable for the remediation of USTs . 
This is accomplished by selecting the most promising new technologies for 
demonstration, testing, and evaluation. The eventual objective is the 
transfer of new technologies as a system to full-scale remediation at the DOE 
complexes and sites in the private sector. 

The Integrated Demonstration Coordinator (!DC) is responsible for overall 
coordination of the UST-ID Program under the direction of the host site DOE 
Technical Program Officer. Hanford is the host site for the program. 
Accordingly, the Integrated Demonstration Coordinator position is held by a 
Westinghouse Hanford Company employee, with the Technical Program Officer at 
the DOE Richland Field Office. A Program Planning Group (PPG) and a number of 
Technical Support Groups (TSG) have been assembled to provide support to the 
Integrated Demonstration Coordinator. The UST-ID Program Office organization 
is shown in Figure 2-1 . 

The PPG advises the !DC on the planning, technical direction, and 
coordination of the UST-ID Program. The PPG is composed of representatives 
from each participant site and is chaired by the IDC. The PPG functions as 
the technical oversight committee with the responsibility of advising the IDC 
on the overall direction of the program. The PPG makes recommendations for 
inclusion of new technologies into the program, defines and implements the 
technology filtering process, and develops the technology success criteria. 

The TSGs are responsible for developing specific problem statements for 
each area of interest for solicitation of upcoming fiscal year Technical Task 
Plans. The TSGs review and evaluate the Technical Task Plans and make 
recommendations concerning their inclusion into the program. The TSGs also 
identify any technolog ies that warrant further research and development to 
support the UST-ID Program or the DOE Office of Technology Development 
Program. 

The Principal Investigator has direct responsibility for conducting the 
technology development activities as defined in the approved Technical Task 
Plans. Contractor management responsibility rests with the cognizant 
Technical Program Manager. Direct DOE field office oversight and direction is 
provided by the cognizant Technical Program Officer. 

The ultimate goal of the UST-ID Program is a "cradle-to-grave'' technology 
development approach to achieve implementation of better/faster/cheaper/safer 
alternatives to the baseline identified by the DOE Environmental Restoration 
and DOE Waste Management programs. The overall relationship of the 
UST- ID Program to the DOE Environmental Restoration and DOE_Waste M~nag:ment 
complex is shown in Figure 2-2. The UST-ID's overall role 1s coord1~at1ng the 
primary contractor and laboratory Technology Development (EM-50) proJects to 
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Figure 2-1 . UST-ID Program Office Organization. 
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jeliver the results through implementation in the operating DOE Environmental 
~estoration (EM-4O) and DOE Waste Management (EM-3O) Programs. With a span of 
nultiple contractors, field offices, and the associated industry and 
,niversity participants, the UST-ID Program ensures that the best possible 
:echnical approaches are evaluated and pursued in the program. 
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3.0 SUMMARY OF PARTICIPANT SITES 

This section summarizes the five participant DOE sites and the i r 
res pective USTs. The locations of the five sites are shown in Figure 3- 1. 

Figure 3-1 . Participant Site Locations. 

3.1 HANFORD SITE, WASHINGTON 

The Hanford Site is located in the southeastern section of Washington 
State near the cities of Richland, Kennewick, and Pasco. It has operated 
si nce 1943 with a primary mission of producing plutonium isotopes. Plutonium 
was produced by irradiation of enriched uranium in nine nuclear reactors 
l ocated along the Columbia River. The plutonium was then separated from the 
remaining uranium and fission products by chemical processes . 

The waste generated from the different chemical separation processes 
has been stored in 177 USTs for future retrieval and treatment prior to final 
di sposal . There are eight UST design types, ranging in age from 6 to 49 yr . • 
Of t he 177 USTs , 149 tanks (Types A, 8, C, D1, D2, and D3) have a single 
carbon steel shell (SSTs) with a reinforced concrete shell . The remaining 
28 USTs (Types El and E2) have dual carbon steel liners (DSTs). They range in 
oper ating capacities from 208 to 3,785 m3 (0.05 to 1 Mgal) . Approximately 

{;it~ 230,531 m3 (60.9 Mgal) of radioactive waste is stored in the USTs . The waste 
t'f!!:J,1 has four general physical forms: sludge, supernatant (liquid}, salt cake , and 

slur ry. All of the waste is alkaline with a large percentage of sodium 
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nitrate and ny:rit'hsalts and metal oxides. The principal radionuclides t;"~ 
·include 235U, 8U, 9Pu, and the uranium fission products 90Sr and 137Cs, as ·,.-:::,.,,, 
well as their decay products. Figure 3-2 shows the relative physical, 
chemical, and radiological composition of the Hanford Site waste . 

3.2 FERNALD ENVIRONMENTAL MANAGEMENT PROJECT, OHIO 

The FEMP is located in southwestern Ohio, approximately 29 km (18 mi) 
northwest of Cincinnati and 13 km (8 mi} southwest of Hamilton, Ohio . The 
FEMP's main mission has been uranium ore refinement. It has been in operation 
since 1951. 

Part of the waste generated by the uranium ore refinement process was 
sent to silos for storage. There were four silos built in two pairs. All 
four silos are 40 yr old, and each has an approximate capacity of 4,770 m3 

(1.2 Mgal). The silos are constructed of only reinforced concrete. Si l os 1 
and 2 were used for the storage of K-65 radium-bearing pitchblende residues 
formed as a·by-product of uranium ore processing. A total of 6,790 m3 

(1.8 Mgal} of K-65 residue is held in both silos 1 and 2. The waste is in the 
form of a thick sludge and has a covering ff bentonite to reduce the radon 
flux from the waste. Silo 3 holds 3,970 m (1.05 Mgal) of metal oxides in the 
form of a dry powder. Silo 4 has never bjen used for waste storage, and it 
remains empty today. A total of 10,760 m (2 .8 Mgal) is contained in the 
three silos. The chemical constituents include magnesium, calcium, lead, 
barium, and large quantities of other non-hazardous compounds . The waste also 
includes quantities of heavy metals, including arsenic; chromium, lead, and 
selenium. The principal radionuclides include uranium, thorium, radium, and 
other decay products. Figure 3-3 shows the relative physical , chemical, and 
radiological components of the FEMP silos. 

3.3 IDAHO NATIONAL ENGINEERING LABORATORY, IDAHO 

The INEL, which started operations in 1949, is located in southeast Idaho 
near the city of Idaho Falls. Currently, INEL's primary mission is to furnish 
engineering services and products, principally for peacetime atomic-energy 
applications, nuclear safety research, defense programs, and advanced energy 
concepts. The INEL also reprocesses nuclear fuel in the Idaho Chemical 
Processing Plant (ICPP) and performs research and development for nuclear 
propulsion. The INEL nas 11 USTs dedicated to storage of high-level waste 
(HLW} at the ICPP. This waste originates primarily from the ICPP processing 
of spent fuel rods. All 11 tanks arj of a similar design: 17-m (50-ft) 
diameter with an approximate 1,136-m (300,000-gal) capacity. The tanks, 
which range in age from 29 to 41 years, are constructed of stainless steel and 
are housed in three different types of concrete underground vaults for 
shieldirg and leak containment. Currently these tanks contain a total of 
8,680 m (2.3 Mgal} of waste. This waste is all liquid and is acidic. It is 
stored in these tanks until it can be transferred to a calcining facility to 
be transformed into dry pellets and stored in silos. The principal chemical 
constituents are nitric and hJdrofluoric acid and dissolved metals. The 
principal radionuclides are 1 Cs and 90Sr and smaller amounts of other fission 
products. Figure 3-4 shows the relative physical, chemical, and radiological 
components of the ICPP waste storage tanks~ 
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Figure 3-2. Relative Characteristics of Hanford Site 

'.~t~ir:- ------------::-U...:.n...:.d..:.e...:.rg.:..r:....:o:..:u:.:.:n.:.d_S:..t:..:o:.:.r.:.a.:.ge:.....:T:..:a:.:.:n..:.:k.:.s .:..· ------------. 
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Figure 3-3. Relative Characteristics of FEMP Silos. 
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• Figure 3-4. Relative Characteristics of INEL Underground Storage Tanks. 
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3.4 OAK RIDGE SITE, TENNESSEE 

The Oak Ridge site is located in the eastern part of the state of 
Tennessee, and is part of the city of Oak Ridge, Tennessee. It has operated 
since 1943 for the primary purpose of nuclear research and enriched uranium 
production. There are three pri_mary areas: the ORNL, the Oak Ridge Gaseous 
Diffusion Plant (ORGDP}, and the Y-12 Plant. This document covers only the 
USTs storing radioactive waste located at the ORNL. 

The ORNL produces waste from many different waste streams, primarily from 
laboratories and pilot plants. This waste has been sent to 91 USTs of varying 
design. Thirty-seven of these tanks are still active, while the remaining 
54 tanks are no longer receiving waste. There are many types of USTs on the 
ORNL, ranging in capacitirs from 0.11 to 644 m3 (30 to 170,000 gal) with a 
total capacity of 7,926 m (2.09 Mgal) for the site. The USTs were 
constructed using stainless and carbon steel, gunJte, and concrete. The tanks 
range in age from 11 to 49 yr. More than 3,181 m (0.84 Mgal) of waste are 
currently being stored in the tanks. The physical, chemical, and radiological 
properties of the ORNL waste is complex and varied. However, most of the 
waste is considered low-level waste (LLW). Figure 3-5 shows the relative 
physical, chemical, and radiological components of the ORNL waste storage 
tanks. 

'r. 3. 5 SAVANNAH RIVER SITE, SOUTH CAROLINA 

The SRS is located in southeastern South Carolina along the Georgia 
border, close to the cities of Aiken, South Carolina and Augusta, Georgia. It 
has operated since 1950 with a primary mission of producing plutonium, 
tritium, and other nuclear materials. Plutonium was produced by irradiation 
of enriched uranium in heavy water reactors. The plutonium and remaining 
enriched uranium were recovered using the PUREX process. 

The HLW generated in the separation prfcess has been stored in 51 USTs, 
ranging in capacities from 2,840 to 4,920 m (0.75 to 1.3 Mgal). There are 
four design types: A, B, C, and D. Types A, B, and Dare a double-shell 
design and type C is a single-shell design. The USTs range in age from 10 to 
41 yr. The type D tanks are the most modern tanks and will eventually replace 
all of the other types. A total of 128,650 m3 (34.0 Mgal) of waste is stored 
in the tanks. The SRS's waste is very similar to Hanford Site waste because 
both sites have used similar processes for the production and recovery of 
plutonium. The SRS waste has three physical forms: sludge, salt cake, and 
supernatant. The waste is alkaline with a large percentage of sodium nitrate 
and nitrite salts and metal oxides. The principal radionuclides include 238U, 
235U, 239Pu, and the uranium fission products 90Sr and 137Cs, as well as their 
decay products. Figure 3-6 shows the relative physical, chemical, and 
radiological components of the SRS waste storage tanks. 
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Figure 3-5. Relative Ch aracteristics of ORR Underground St orage Tanks . 
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Figure 3- 6. Relative Characteristics of SRS Underground Storage Tanks. 
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4.0 HANFORD SITE, WASHINGTON 

This section provides a detailed description of the USTs at the Hanford 
Site in Richland, Washington. A general site description of the facilities, 
environmental conditions, fuel processing activities, and waste storage 
methods is provided. The information is based on referenced documents and 
interviews with Hanford Site personnel. 

4.1 HANFORD SITE INTRODUCTION AND HISTORY 

In January 1943, the Hanford Site {Figure 4-1} was chosen as one of the 
sites for the Manhattan Project. Hanford Site's preliminary mission was to 
produce weapons grade plutonium for use in atomic weapons for World War I I . 
The Hanford Site was selected because it was remote, yet near railroads, had 
abundant water for reactor cooling, and had plentiful electricity from 
hydroelectric dams. 

Figure 4- 1. Hanford Site Location. 

' 
Falla 

6fJ, In the spring of 1943 , 1,200 residents were relocated from an area 
1.:;07 encompassing 1,658 km2 {640 mi 2

), including the towns of Hanford, White 
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Bluffs, and Richland, so that construction could begin on the Hanford Site. f~ 
Construction workers gathered from across America and lived in temporary ·-· 
camps. 

The first three plutonium production reactors were built in 1943 on the 
banks of the Columbia River, 56 km (35 mi) north of Richland. Twenty-seven 
months after construction started, Hanford Site-produced plutonium provided 
the explosive charge for the world's first nuclear detonation in New Mexico. 
This first test was followed by the two nuclear weapons dropped on Hiroshima 
and Nagasaki, Japan. The Hiroshima bomb contained highly concentrated 235U 
manufactured in Oak Ridge, Tennessee. The Nagasaki bomb was powered by 
concentrated plutonium manufactured at the Hanford Site. 

Government demand for plutonium continued, and by 1964, nine plutonium 
production reactors were operating at the Hanford Site. The Hanford Site also 
housed facilities for uranium fuel processing, chemical recovery, purification 
of plutonium, waste management, and nuclear research. 

In 1965, the Hanford Site began to diversify. Eight of the nine 
plutonium production reactors were closed between 1964 and 1971 . Emphasis on 
the peaceful uses of nuclear power began. The Hanford Site was chosen as the 
site for the Fast Flux Test Facility (FFTF) advanced reactor in 1967 . The 
reactor started operation in 1982 and is the most advanced and versatile test 
reactor in the world. Besides testing components 13nd materials for advanced 
reactors, it produced beneficial isotopes such as 8Pu, a material that 
powers electrical generators used for deep space missions. The FFTF was 
placed in cold standby in 1992. 

In early 197), the last of the single-purpose reactors was shut down . 
Only the N Reactor, with the dual purpose of plutonium and electricity 
production, remained. By 1975, energy research had become the major theme at 
the Hanford Site. The future use of such energy sources as nuclear, solar, 
geothermal, fossil, wind, and organic waste were investigated. The role of 
the Hanford Site shifted once again in the early 1980's to re-emphasize 
defense production activities. In February 1988, the N Reactor was ordered 
placed in cold standby. In May 1989, the DOE, U.S. Environmental Protection 
Agency (EPA), and the Washington State Department of Ecology signed the 
Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1989), 
commonly known as the Tri-Party Agreement. The Tri-Party Agreement set 
milestones for t~e cleanup and final closure of the Hanford Site. 

The Hanford Site has been operated by numerous private contractors since 
the start of operations in 1943. The following is a chronological listing of 
the primary contractors in charge of waste operations: 

• E.I. duPont de Nemours and Company--1943 to 1947 

• General Electric Company--1947 to 1965 

• Atlantic Richfield Hanford Company--1965 to 1977 

• Rockwell Hanford Company--1977 to 1987 

• Westinghouse Hanford Company--1987 to Present . 
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4.2 HANFORD SITE DESCRIPTION 

The Hanford Site is located in the semiarid part of southeastern 
Washington State and currently occupies 1,450 km2 (560 mi 2) of land . It i s 
bounded on the north and east by the Columbia River; on the west and southwest 
by the Rattlesnake Ridge; and on the south by the Yakima River . The si te i s 
northwest of the cities of Richland, Kennewick , and Pasco (Tri -Cit ies) . Mos t 
of the Hanford Site workers live in the Tri-City area. Figute 4-2 shows the 
major roadways for the Hanford Site. Figure 4-3 shows standby , current, and 
planned railroad lines connecting the different Hanford Site areas. 

The Hanford Site is divided into four primary regions or areas : 100, 
200 , 300, and 400. The 300 Area, located just north of the city of Richland , 
processed uranium into fuel capsules for the 100 Area production reactors. 
The fuel capsules were sent by railroad lines in special shielded containers 
to the 100 Area reactors for irradiation. Currently the area is used for 
energy and environmental re search and development. 

The 100 Area is l ocated along the Columbia River in the northern porti on 
of the site. Ni ne product i on reactors are located al ong t he r iver : B, C, D, 
DR, F, H, KE, KW, and N. These are first-generation nuc l ear reactors (except 
for N Reactor, which is of a second-generation design) that used graphite as a 
moderator . Water from the river was used as the cooling medium . After 
completing the irradiation process, the fuel capsules were sent to the 
200 Area by railroad for fuel recovery and purification . The first eight 
reactors di scharged their primary cool ing water to the r iver . The N Reactor 
used a cl osed primary cool ing loop, wh i ch was al so used t o produce steam . The 
steam was used by the Washington Public Power Supply System to generate 
electricity (850 MWe) . The last of the orig inal eight reactors was shut down 
in 1971 . The N Reactor was placed in cold standby in 1988 . 

The 200 East Area contains t wo process canyons : A Plant and B Pl an t . 
The A Plant houses the modern PUREX Facil i ty . Six single- shell (A , AX , B, BX , 
BY, and C) and f i ve double-shel l {AN, AP, AW , AY, and AZ) tank farms are 
located in the 200 East Area, along with the AR and CR waste vaults . The 
242-A Evaporator is located just north of the A Plant and is used to 
concentrate tank waste. The B Plant was first used for the bismuth ~hosphate 
{Bi P04 ) recovery process and was later modified to recover 137Cs and 0sr from 
process and tank waste. The recovered cesium and strontium were sent to the 
Waste Encapsulation and Storage Facility located next to the B Plant . A map 
of the 200 East Area is shown in Figure 4-4. 

The 200 West Area contains four process facilities: S, T, U, and 
Z Plants. The S Plant was used for the reduction oxidation (REDOX) process . 
The T Plant was first used for the BiP04 process and currently handles t he 
decommissioning of equipment . The U Plant was originally built as a BiP04 
plant but was modified for the tribut yl phosphate process for the recovery of 
uranium in the BiP04 tank waste. The Z Plant houses the Plutonium Finishing 
Plant {PFP}. Recovered plutonium was sent to the Z Plant for further 
purification and polishing prior to shipment to other DOE sites . One double­
shell (SY) and six single-shell {S, SX, T, TX, TY, and U) tank farms are 
located in the 200 West Area, along with the 242-S and 242-T Evaporators for 
waste concentration. A map of the 200 West Area is shown in Figure 4-5 . 
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Figure 4-2 . Hanford Site Map. 
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Figure 4-3 . Hanford Site Railroad Trackage. 
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Figure 4-5. 200 East Area. 
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The FFTF is located in the 400 Area. As the world ' s largest liqu id metal 
(sodium) test reactor, it served as the prime test tool for advanced reactor 
technology . The FFTF began full-power operation in April 1982 . Since then, 
it has expanded into other areas of research and development , such as fus i on 
research, space power systems , isotope production , and i nternational re search 
programs. The FFTF was pl aced i n cold standby in 1992 . The Maintenance and 
Storage Facility high bay at FFTF currently is being used, however, for cold 
testing of a mixer pump . The mixer pump, when approved for installation , will 
be used in Tank 101-SY to prevent the buildup and periodic release of 
potentially explosive gasses (Trice 1992). 

The Washington Public Power Supply System operates a light-water reactor 
(Washington Nuclear Plant [WNP]-2) northeast of the 400 Area, along the 
Columbia River. Two uncompleted reactors are also located in this area, WNP-1 
and WNP-4. The WNP-4 was terminated at 50% completion and is being dismantled 
and sold as surplus. Construction on WNP-1 was terminated at 63% completion 
and is now mothballed and in a state of preservation. The WNP-2 is a boiling 
water reactor and is capable of producing 1, 100 MWe of power . 

4.3 AMBIENT WEATHER AND CLIMATE CONDITIONS 

This section provides information regarding the Hanford Site climate . 
Information was taken from the Climatological Summary for the Hanford Area 
(PNL 1983). 

4.3 . 1 Climate 

Although not visible from the Hanford Site, the Cascade Mountains to the 
west greatly affect the Hanford area climate. Because the Hanford Site is in 
the rain shadow of these mountains, precipitation averages only 15.9 cm 
(6 . 25 in) annually. The months of November through January contribute 44% of 
this total, while the months of July through September contribute only 12%. 
On the average, there are only two occurrences per year of 24-h precipitation 
amounts of 1.3 cm (0 . 50 in) or more, while occurrences of 24-h amounts of 
2.54 cm (1 in) or more number only two in the entire 35-yr record (1946-1980) . 
At the other extreme, there have been 81 consecutive days without measurable 
rain (June 22 to September 10, 1967); 139 days with only 0.46 cm (0.18 in) 
(June 22 to November 2, 1967); and 172 days with only 0.81 cm (0.32 in) 
(February 24 to August 13, 1968). Only 0.38 cm (0.15 in) of precipitation was 
recorded during the months of September through December 1976. The normal · 
precipitation for that period of time is 6.4 cm (2.50 in) and is 40% of the 
total annual precipitation. 

4.].2 Precipitation 

Abou t 38% of all precipitation during the months of December through 
February is in .the form of snow. However, ·in only one winter in four is an 
accumulation of as much as 15.2 cm (6 in) on the ground expected . The average 
seasonal number of days with 15.2 cm (6 in) or more of snow on the ground 
is 4, although the 1964-65 winter had 35 days, 32 of which were consecutive . 
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The greatest recorded depth of snow on the ground is 62.2 cm (24.5 in), which 
occurred in February 1916. However, since that date, the greatest depth has 
been 30.7 cm (12.1 in), occurring in December 1964. 

Thunderstorms have been observed at the Hanford Site in every month 
except November and January. Although rare, severe lightning strikes have 
occasionally ignited grass fires, which have burned thousands of acres of 
Hanford Site vegetation, resulting in considerable wind erosion of soils. The 
most notable of these occurrences were in August 1961, July 1963, and 
July 1970. 

4.3.3 Winds 

By serving as a source of cold air drainage, the Cascade Mountains also 
have considerable effect on the wind regime at the Hanford Site. This 
drainage (gravity) wind, plus topographic channeling, causes a considerable 
range of speed during the summer. In July, the hourly average wind speed at a 
15.2-m (SO-ft) elevation ranges from a low of 8.4 km/h (5.2 mi/h) from 9 a.m. 
to 10 a.m. to a high of 20.9 km/h (13·.0 mi/h) from 9 p.m. to 10 p.m. In 
contrast, the corresponding speeds for January are 8.8 .km/h (5.5 mi/h) and 
10.1 km/h (6.3 mi/h). 

Although the gravity wind occurs with regularity in summer, it is seldom 
strong unless reinforced by frontal activity. In June, the month of highest 
average speed, there are fewer instances of hourly averages exceeding 31 mi/h -.~ 
(49.9 km/h) than in December, the month of lowest average speed. It is also . 1&1,# 
notable that, although channeling results in a prevailing WNW or NW wind year 
round, the strongest speeds are from the SSW, SW, and WSW. 

Atmospheric stagnation is an important factor in the Hanford Site's wind 
regime. December, for example, has an average of 10 days with peak gusts 
under 20.9 km/h (13 mi/h). By contrast, June is much more stagnant, averaging 
0.2 days per year. 

4.3.4 Temperatures 

Temperatures at the Hanford Site are colder in the winter and warmer in 
the summer than wo·u1 d be the case with out the Cascade Mountains. However, 
other mountain ~anges to the north and east shield the area from many of the 
arctic surges, and half of all winters are free of temperatures as low as 
-17.8 °C (0 °F). However, 6 winters in 63 of record have contributed a total 
of 16 days with temperatures of -28.9 °C (-20 °F) or below; and in January to 
February 1950, there were 4 consecutive such days. There are 10 days of 
record when the maximum temperature failed to reach above -17.8 °C (0 °F). By 
contrast, the lowest temperature of the winter of 1925-26 was -5.5 °C (22 °F) . 

Although minimum winter temperatures have varied from -32.8 °C to 5.6 °C 
(-27 °F to 22 °F), maximum summer temperatures have varied only from 37.8 °C 
to 46.1 °c (100 °F to 115 °F). However, there is considerable variation in •-
the frequency of such maximum temperatures. In 1954, for example, there was f}i 
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only one day with a maximum as high as 37.8 °C (100 °F). On the other hand, 
there have been three summers (1938, 1962, and 1967) when the temperature 
reached 37.8 °C (100 "F) or above for 11 consecutive days. 

Although temperatures reach 32.2 °C (90 °F) or above an average of 
55 days per year, minimum temperatures of 21.1 °C (70 °F) or above occur only 
an average of 8 days per year. The usual cool nights are -the result of the 
gravity wind phenomenon noted in Section 4.3.3. 

4.4 GEOLOGICAL AND HYDROLOGICAL CONDITIONS 

The Hanford Site lies within the Pasco Basin, one of many topographic and 
structural basins within the Columbia Plateau. The Pasco Basin is a result of 
folded Columbia River basalt, which comprises the bedrock in the region. The 
depth to basalt in the 200 Areas ranges from 83 m (250 ft) below land surface 
in the 200 East Area to 170 m (520 ft) in the 200 West Area. Overlying the 
basalt is a thick sequence of unconsolidated and consolidated muds, sands, and 
gravels derived from glaciofluvial, fluvial, and lacustrine depositions . 
These sediments comprise the Ringold Formation and the Hanford formation. 
These sediments are predominately gravelly sand to sand in the 200 East Area . 
In the 200 West Area these sediments range from compact silt and clay to 
unconsolidated sandy gravel. 

Sediments immediately adjacent to the tanks (in both the 200 East and 
200 West Areas ) are predominately sandy gravel . These sediments are backfill 
material assumed to be derived from the original excavation for the tank 
emplacement. The most comprehensive geologic cross sections of the sediments 
immediately adjacent to the tanks are found in Price and Fecht (1976a-1976m). 
Figure 4-6 shows a generalized geologic cross section of the Hanford Site. 

Both unconfined and confined aquifers are present beneath the Hanford 
Site . In general, the uppermost unconfined aquifer is located in the Ringold 
Formation sediments , except in the 200 East Area where the Ringold sediments 
have been significantly eroded, and the aquifer lies within the lower Hanford 
formation. Depth to water in the 200 Areas ranges from approximately 60 m 
(200 ft) below land surface in the 200 West Area to about 75 m (250 ft) below 
land surface in the 200 East Area. Table 4-1 gives the approximate water 
table depth data compared to the tank depth for each tank farm. 

4.5 PROCESS HISTORY 

The primary ~oa 1 of the Hanford Site has been. the production of weapons­
grade plutonium ( 9Pu) for use in atomic and hydrogen weapons. This was 
accomplished by irradiation of enriched uranium (97 . 5% 238U and 2. 5% 235 U) in 
graphite moderated reactors located along the shores of the Columbia River. 
Approximately 100,000 metric tons of uranium has been processed . The uranium 
metal was canned or "cladded'' in aluminum or zirconium fuel slugs in the 
300 Area for protection from the effects of reactor water coolant. The 
cladded uranium fuel was then transferred to the 100 Area in special railroad 
cars for irradiation in the area reactors. After completion of the 
irradiation process, the reacted fuel slugs were transferred to the Hanford 
Site 200 Areas where the produced plutonium was recovered and purified. 
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-Table 4-1. Tank Farm Groundwater Depth. 

Distance Distance 
( ground l eve 1 to Tank height (tank bottom to 

Tank farm tank top) water table) 
·(m) (ft) (m) (ft) (m) (ft) 

A 2.3 7.6 14.3 47 .2 70.1 231 
AX 2 . 3 7.6 14.3 47 .2 65 .8 217 
AY 2. 1 6.9 14.9 49.2 65.8 217 
AZ 2. 1 6.9 14.9 49.2 59.4 196 
B 1.8 5.9 8.5 28 .1 61.9 204 

BX 2.7 8 . 9 9.8 32.3 66.4 219 
BY 2.4 7.9 11.9 39 .3 60.0 198 
C 2.7 8.9 8.5 28 . 1 66 . 1 218 
s 2.4 7.9 11. 9 39 .3 43.9 145 
sx 2.3 7.6 14.3 47.2 43 .0 142 
T 2.7 8.9 8.5 28.1 50 .6 167 

TX 2.4 7.9 11. 9 39.3 51.2 169 

TY 2.4 7.9 11.9 39 .3 46 .6 154 

u 2.7 8.9 8. 5 . 28 .1 50.3 166 
AWa . 2 .1 6.9 14.9 49.2 69.5 229 
APa 2.5 8 .3 14 .9 49 .2 67.4 222 
ANa 2. 1 6.9 14 .9 49 .2 63 .4 209 
SYa 2.1 6.9 14 .9 49.2 42.1 139 

aoouble-shell tanks. 

Three processes have been used at the Hanford Site to recover plutonium. 
The first was the BiP04 process, used from 1944 to 1956. This process 
produced large amounts of waste for the amount of plutonium recovered. 
Second- and third-generation processes were the REDOX process (1951 to 1967) 
and the PUREX process (1955 to 1988), respectfully. These last two processes 
produced considerably less waste than the first-generation BiP04 process and 
recovered both plutonium and uranium. The PUREX process is internationally 
considered the most modern plutonium and uranium recovery process. 

The waste that was generated from these three recovery processes ras 
sent to USTs for storage. Currently, there are approximately 230,531 m 
(60;9 Mgal) of waste in the Hanford Site USTs containing approximately 
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209.1 MCi of radionuclides. The following sections detail the various f~-~-j.!_-~ 
processes used in the recovery and purification of plutonium and the 
concentration efforts of tank waste to recover tank storage space (DOE 1987) . 

4.5.1 Bismuth Phosphate Process (1944 to 1956) 

At the start of the Hanford Site operation, the B Plant and T Plant 
processes separated plutonium from the remaining uranium and fission products 
in the irradiated fuel by co-precipitation with BiPO from a uranyl nitrate 
solution. The plutonium was then further separated lrom fission products by 
successive precipitation cycles using BiP04 and lanthanum fluoride. The 
plutonium was isolated as a peroxide and, after dissolving in nitric acid 
(HN03), was concentrated as plutonium nitrate. 

The T Plant was constructed between June 1943 and October 1944 and 
started production on December 26, 1944. It was in operation until 1956. The 
B Plant was constructed between August 1943 and February 1945 and started 
production on April 13, 1945. It was in operation until 1952. 

Waste generated at both the T Plant and B Plant was neutralized with 
sodium hydroxide and was sent to underground SSTs for storage. Other acidic 
waste (which included much of the fission products) generated by this process 
was also neutralized and stored in separate SSTs. The volume of neutralized 
waste generated and stored in SSTs was large; up to 64.4 m3/ton 
(17,000 gal/ton) of uranium was processed at the start of the T Plant and qi 
B Pl ant operat i ans. ,.~, 

4.5.1.1 Waste Concentration . . While some improvements were incorporated, 
which resulted in minor waste volume reductions, the first significant 
development occurred in September 1947 when the cribbing of second 
decontamination-cycle supernatants was started at the T Plant. The program 
was later adopted at the B Plant in February 1948. Before this time, all 
second-cycle wastes had been stored in USTs. The waste was allowed to settle 
in the UST, and the supernatant was pumped to cribs. The remaining solids, 
containing nearly all of the initial fission activity but only a fraction (9%) 
of the original volume, were held in storage (Anderson 1990). 

In June 1949, the concept of concentrating first decontamination-cycle 
wastes by evaporation was proposed. After determining that the approach was 
economically feasible, facilities were built for this purpose. The 
242-T Evaporator commenced operation on May 1, 1951 and the 242-B Evaporator 
commenced operation on December 14, 1951. 

During the lifetime of 242-T, over 32,550 m3 (8.6 Mgal) of first-cycle 
feed were processed, and an 82.1% overall reduction in volume was realized. 
The storage space reclaimed by this technique totalled more than 26,500 m3 

(7 Mgal). Subsequently, the equipment processed 22,330 m3 {5.9 Mgal) of 
uranium recovery waste, recovering 7,950 m3 {2.1 Mgal) of storage. The 
facility was shut down in July 1955. 

Some 22,700 m3 {6 Mgal) of first-cycle feed were processed in the {~ 
242-8 Evaporator, achieving a volume reduction of 81%. As with the 
242-T Evaporator, the overall effectiveness was achieved by making two passes. 

4-16 



WHC-EP-0566 

Usually the first pass gave about 70% reduction, and was followed by a second 
pass (bottoms from first evaporation) which concentrated approximately 30%. 
Also, this facility was used later for evaporating uranium recovery waste. 
Before shutdown at the end of October 1954, over 8,700 m3 (2 .3 Mgal) of space 
were recovered from uran i um recovery wastes. Total space recovery by bo th 
evaporators amoun t ed to 61, 700 m3 (16.3 Mgal) (Anderson 1990) . 

In May 1953, approval was obtained to pump a limited volume of first­
cycle supernatant to ground trenches on a specific retention basis. Specific 
retention refers to the ability of a dry column of soil to retain liquid 
wi thout penetration of the liquid to the water table. In June 1954, approval 
was obtained to dispose of evaporator bottoms in a similar manner. During the 
period from December 1953 to Dfcember 1954, 18,200 m3 (4.8 Mgal) of first­
cycle supernatants and 7,200 m (1.9 Mgal) of first-cycle evaporator bottoms 
were discharged to the ground. 

While disposal of first-cycle wastes on a specific retention basis was 
exped i ent at the time because of limited storage space , efforts were di rected 
toward minimizing t he quantity of activity sent to ground yet retain ing the 
des i rable feature of high- volume disposal . Although scavenging techn i ques had 
been tested previously at the Uranium Recovery Plant, success at the T Plant 
with first - cycle waste was not demonstrated until late in 1954 . After 
difficulty with poor decontamination (attributed to interference from ions in 
the coating waste) was overcome by segregating the two wastes, routine 
scavenging of first-cycle waste started on December 31, 1954 . Until the 
shutdown of the T Plant in August 1956 , appro·ximately 11,700 m3 (3 . 1 Mga l ) of 
scavenged supernatants were discharged to the TY ground caverns . The 
effective reduction in volume, as discharged from the building, was 
approximately 88%. 

4.5 . 1.2 Bismuth Phosphate Waste Streams. During 12 yr of the BiP04 
operations, waste volumes were effectively reduced by a factor of 3. 25 from 
64 .4 m3/ton (17,016 gal/ton) of uranium processed to 19.8 m3/ton 
(5 , 240 gal/ton) of uranium. The following waste types were generated in the 
canyon buildings and sent to USTs . 

Alkaline coating removal waste, containing small amounts of fission 
products, was combined with first-cycle decontamination waste for storage. 
Stack drainage, initially combined with second decontamination-cycle waste, 
was later combined with first decontamination-cycle waste in May 1951. 

Metal waste from the extraction contained all of the uranium, 
approximately 90% of the original fission products activity, and approximately 
1% of the product plutonium. This waste was brought just to the neutral point 
with 50% caustic and then treated with an excess of sodium carbonate . The 
procedure yielded almost completely soluble waste at a minimum total volume . 
The exact composition of the carbonate complex was not known but was assumed 
to be a uranium phosphate-carbonate mixture. 

Byproduct cake solutions and waste solutions from the first 
decontamination waste cycle contained about 10% of the original fission 
activity and 1% of the plutonium. 
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Second decontamination-cycle waste contained less than 0.01% of the ~i:s_?_t,f_-~ 
fission activity and about 1% of the plutonium. Canyon cell drainage waste , 
previously dispos~d to a dry well via the 361 Settling Tank, was combined with 
the second decontamination waste stream subsequent to May 1951. 

4. 5.2 Tributyl Phosphate Process and Sodium Ferrocyanide 
Operations (1952 to 1958) 

The U Plant was originally built as one of three BiP04 process 
facilities, but it was not used for that purpose. It was extensively modified 
in 1951-1952 and used for the recovery of uranium in the BiP04 waste. Uranium 
was recovered using the tributyl phosphate (TBP} extraction process . 

The BiPO waste contains large amounts of unreacted uranium. Using the 
TBP process, large amounts of uranium were recovered by sluicing the waste out 
o-f the SSTs, dissolving it in HNO, and then processing it through a solvent 
extraction process using a solvenl consisting of TBP in kerosene. The process 
was similar to that used later in the PUREX process for plutonium and uranium 
recovery . The acid waste from the uranium recovery process was made alkal i ne 
and returned to SSTs in the U Tank Farm. The recovery process resulted in an 
increase in nonradioactive salts and a small increase in waste volume . 

Due to limited storage space available in the SSTs, the U Plant process 
was changed in October 1954 to include a waste scavenging process . The 
intermittent shortages were alleviated by the 1 aboratory development of a f,f_1_~_._::,f\"_; __ f 
waste scavenging technique using ferrocyanide, which removed soluble fission ._JJ 
products, mainly 137Cs, and permitted ground disposal of the resulting (and 
relatively inactive} supernatants. 

Sodium ferrocyanide or potassium ferrocyanide and nickel sulfate were 
added between 1953 and 1957 to the BiP04 met~l waste after uranium recovery to 
precipitate cesium from the supernate as a nickel cesium ferrocyanide. 
Following incorporation of this change in the uranium recovery process , over 
109,800 m3 (29 Mgal) of "in-plant" scavenged waste was disposed to ground 
.cribs . A summary of ferrocyanide operations is shown in Figure 4-7. 

Before October 1954, the uranium recovery wastes had been stored in an 
untreated condition. In November 1955, scavenging of this waste started at 
the 241-CR Facility. The removal of soluble cesium by the scavenging process 
permitted discharge of supernatant to the cribs and made more storage space 
available (Klem 1991) . This resulted in an additional 44,300 m3 (11.7 Mgal) 
of "in-tank" scavenged supernatants being disposed into the ground . This 
operation was completed in 1957. Overall, including the in-plant and in-tank 
operations, approximately 155,200 m3 (41 Mgal} of space was recovered 
(Anderson 1990). 

4.5.3 Reduction-Oxidation Process (1951 to 1967) 

The REDOX was the first process to recover both plutonium and uranium. t.~.!,~-~-~ 
It used a continuous solvent extraction process to extract plutonium and ~-• 
uranium from dissolved fuel into a methyl isobutyl ketone (hexane} solvent . 
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The s~i~htly acidi~ wast7 streams contained the fission products and.large ~tz~ 
quantities of aluminum nitrate that were used to promote the extraction of -~~ 
plutonium and uranium. This waste was neutralized and stored in SSTs . The 
volume of HLW from this process was much smaller than from the BiP04 process 
but somewhat larger than the volume from the modern PUREX process. 

The REDOX Plant (S Plant) was built between May 1950 and August 1951 and 
started operations on August 16, 1951. It was in operation until July 1967 . 
Waste from the REDOX Plant was sent to the Sand SX Tank Farms. During the 
first year of operation, combined salt and coating wastes (segregation of 
wastes was not practiced until 1955) averaged 16.6 m3/ton (4,378 gal/ton) of 
uranium processed (Anderson 1990). 

4.5.3.1 Waste Concentration. In April 1953, a study was performed to 
determine the practicability of self-concentrating wastes in the first two 
cascades of the S Tank Farm by disposing of vapor condensate to the ground 
instead of refluxing the liquid back to the tanks. Concluding that the 
technique was feasible and that the resulting condensates could be safely 
cribbed, suitable condensers were installed and the first benefits of self­
concentration were realized in August 1953. Combined with process 
improvements made during the year, the total net effect was to reduce waste 
volumes to approximately 30% below the 1952 performance. 

During subsequent years, with greater self-concentration being achieved 
and additional process improvements incorporated in the process, the trend of 
waste volu~es continued downward. Significant among these improvements were ;1~ 
the fo 11 owing: -:l) 

• Initiation of first-stage backcycling in December 1954, which 
resulted in approximately 30% reduction in waste generation 

• Adoption of full-scale backcycling in March 1956, which produced an 
additional 23% reduction 

• Reduction of dissolver rinses and line flushes during 1956 through 
1957 that cut coating waste volumes in half and lowered overall 
waste volumes by about 10%. 

In summary, the combined effects of self-concentration and process 
improvements during the 16-yr life of the REDOX Plant successfully reduced 
waste volumes by a factor of 7.4, from approximately 16.6 to 2. 2 m3/ton 
(4,378 to 594 gal/ton) of uranium processed. 

Compared to the starting BiP04 waste production, this represents a 74% 
and a 97% reduction in waste generation. The following waste types were 
generated in the canyon buildings and sent to USTs. 

4.5.3.2 Reduction Oxidation Waste Streams. Coating waste for aluminum-clad 
spent fuel was generated in a boiling solution of sodium nitrate by adding 50% 
caustic. The resultant salt waste was sent to a UST separate from the HLW . 

Zirconium-clad fuels were declad in a boiling ammonium nitrate-ammonium 
fluoride mixture. The resulting coating solution .was neutralized with 50% 
caustic. This •solution contained up to 40% soluble solids. 
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4.5.4 Plutonium-Uranium Extraction Process 
(1955 to 1972 and 1983 to 1988) 

The PUREX process is an advanced solvent extraction process that uses a 
tributyl phosphate in kerosene solvent for recovering uranium and plutonium 
from HN03 solut i ons of irrad i ated ·uranium. It is the process generally us ed 
worldwide for recovering uranium and plutonium . Nitric acid is used instead 
of metallic nitrates (e .g., aluminum nitrate) to promote the extraction of 
uranium and plutonium from an aqueous phase to an organic phase. Most of the 
HNO in the waste was recovered by distillation and reused. The waste, 
conlaining residual HN03 , was neutralized and stored in USTs. Initially, SSTs 
were used for this purpose, but DSTs were used after 1981. The volume of HLW 
per unit of uranium fuel processed by the PUREX process was extremely small 
compar!d to that from earlier processes, achieving a low of approximately 
1.44 m (380 gal) of waste per ton of uranium processed. 

The PUREX Plant (A Plant) was built between April 1953 and October 1955 
and started operation in January 1956. It operated as a production facil ity 
until 1972 . It operated again from November 1983 un t il 1988 and has been in a 
standby mode since then . 

4. 5.4. 1 Waste Concentration. High initial waste volumes precluded self­
concentration, resulting in two tanks (101-A and 102-A) being partially f i lled 
with wastes that never achieved a high enough temperature for self­
concentration. In May 1956, the salt waste was routed to a third tank 
.(103-A}, and as a result of volume reductions plus temporary segregat i on of 
carbonate and organ ic waste, sufficient self-heat was generated to start 
boiling in Tank 103-A on July 5, 1956. Boiling accelerated at a rapid rate , 
attaining a peak rate i ri June 1957 of 37.9 l/min (10 sal/min) . In 
February 1957, when boiling greatly exceeded input, and water additions became 
necessary to maintain a reasonable liquid level in the tank. 

4. 5.4 . 2 Plutonium-Uranium Extraction Waste Streams. The PUREX process is the 
modern plutonium and uranium recovery process and as such produces the lea st 
amount of waste per ton of uranium processed. This waste is extremely 
concentrated and is self-boiling. Both the aluminum clad and zirconium clad 
fuel waste concentrations at the PUREX Plant were the same as for REDOX 
decladding waste. 

The solvent used in PUREX was treated before reuse by washing with 
potassium permanganate and sodium carbonate followed by dilute HN03 and then a 
sodium carbonate wash. The organic waste streams were combined ana sent to 
boiling waste until 1969 for boildown. After 1969 the organic-wash waste was 
sent to a UST in the C Tank Farm. 

In 1956, the original PUREX Plant neutralized all of the HLW and sent i t 
to the A Tank Farm. A sugar denigration step was later used to part i ally 
neutralize the HN03 /HF within the waste, producing NOx gases which were vented 
to the atmosphere . The sugar was destroyed in the process . As f i ss i on 
product recovery started, a portion of the waste was treated for strontium and 
cesium recovery and then neutralized. As of 1967, all of the HLW left PUREX 
Plant as an acidic solution for treatment at the B Plant . 
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Special processing campaigns in the PUREX Plant recovered 233U (a 
fissionable isotope of uranium) from thorium irradiated in the Hanford Site 
reactors. The thorium also was extracted and partially decontaminated. The 
waste composition was similar to that of the PUREX process except that it 
contained small quantities of thorium and 233U instead of uranium and 
plutonium. Two campaigns were conducted, one in 1966 {4,500 m3 [1.2 Mgal]) 
and one in 1970 {11,400 m3 (3 Mgal]), and all of the waste was routed to 
Tank 104-C. This included equipment flushes both before and after the runs. 
The operating waste amounted to about one-third of the above totals. 

4.5.5 Plutonium Recovery and Finishing 
Operations {1949 to 1989) 

This facility, called the PFP or Z Plant, began operations in late 1949 
to process plutonium and prepare plutonium products. It is located in the 
200 West Area. (Before 1949, all plutonium nitrate solutions had been shipped 
offsite for further purification.) Waste from this plant contained only minor 
amounts of fission products but did contain low concentrations of plutonium 
and other TRU elements and was high in metallic nitrates. Initially this 
waste was discharged via cribs to soil columns, which absorbed the TRU 
elements and retained them close to the point of discharge. Later the waste 
was stored along with other waste in underground tanks. 

The PFP uses a TBP solvent extraction process to further purify the 
plutonium product from the PUREX Plant or from plutonium scrap. The TBP in 
the PFP process is diluted in carbon tetrachloride, · whereas the TBP in the 
PUREX Plant process is diluted in kerosene or normal paraffin hydrocarbons 
{NPH). The NPH is similar in composition to kerosene with ClO to 
ClS hydrocarbon chains. 

4.5.6 Waste Fractionation Process (1965 to 1976) 

The radionuclides 90Sr and 137Cs are the major sources of heat in Hanford 
Site HLW after about 5 yr of decay. Some of the strontium and cesium fission 
products were removed from the waste and separately isolated to reduce the 
heat generation in the SSTs. The B Plant, one of the original BiP04 process 
facilities, was modified in 1968 to permit removal of these fission products 
by a combination of precipitation, solvent extraction, and ion exchange steps. 
The residual acid waste from this process was neutralized and stored in SSTs. 

The strontium from the B Plant waste fractionation process was separated 
using a diethylhexyl phosphoric acid solvent-extraction process. This process 
used various complexing agents to prevent transition metal extraction. The 
cesium isotope, also from the B Plant process, was purified by ion exchange. 
Both strontium and cesium were later converted to fluoride and chioride salts, 
respectively, and encapsulated in the Waste Encapsulation and Storage Facility 
located next to the B Plant. 
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4.6 UNDERGROUND STORAGE TANK PHYSICAL CHARACTERISTICS 

Since 1944, radioactive HLW from the processing of irradiated uranium 
fuel has been stored in large underground tanks. Between 1943 and 1964, 
149 SSTs were constructed for this purpose and range in operating capacities 
from approximately 208 to 3,790 m3 (0 . 055 to 1 Mgal). Since 1968, 28 DSTs 
have been built to supplement the SSTs and to provide greater leak protection. 
The USTs are grouped into 18 tank farms located in the 200 East and 200 West 
Areas of the Hanford Site. There are eight design types, A, B, C, 01, 02, 03, 
El, and E2, which are described in the following subsections. Table 4-2 
summarizes the design of 18 tank farms at the Hanford Site. A tank-by-tank 
description is listed in Table A-1. 

Table 4-2. Hanford Site High-Level Waste Storage Tank Farms. 

Tank farm DST/SST Number-type 

A SST 6 - 02 
AN DST 7 - E2 
AP DST 8 - E2 
AW DST 6 - E2 
AX SST 4 - D3 
AY DST 2 - El 
AZ .DST 2 - El 

B SST 12 - A 
4 - B 

BX SST 12 - A 

BY SST 12 - C 
C SST 12 - A 

4 - B 
s SST 12 - C 
sx SST 15 - Dl 
SY DST 3 - E2 
T SST 12 - A 

4 - B 

TX SST 18 - C 
TY SST 6 - C 
u SST 12 - A 

4 - B 
Total Site capacity 

DST• double-shell tank . 
SST• single-shell tank. 

Total operating capacity 
Year of construction 

(m3) (gal) 
22,710 6,000,000 1954 - 1955 
30,210 7,980,000 1980 - 1981 
34,520 9,120,000 1983 - 1986 
25,890 6,840,000 1978 - 1980 
15,140 4,000,000 1963 - 1964 
7,420 1,960,000 1968 - 1970 
7,420 1,960,000 1973 - 1977 

25,040 6,616,000 1943 - 1944 

24,210 6,396,000 1946 - 1947 
34,430 9,096,000 1948 - 1949 
25,040 6,616,000 1943 - 1944 

34,430 9,096,000 1950 - 1951 
56,780 15,000,000 1953 - 1954 
12,950 3,420,000 1974 - 1976 
25,060 6,616,000 1943 - 1944 

51,650 13,644,000 1947 - 1948 
17 , 220 4,548,000 1951 - 1952 
25 ,040 6,616 ,000 1943 - 1944 

475,160 125,524,000 --
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4.6.1 Tank Overview 

Each of the Hanford Site USTs is constructed of reinforced concrete with 
carbon steel liners. All but the Type B tanks have 22.9-m (75-ft) inner 
diameters and are constructed to hold from 4.6 to 9.1 m (15 to 30 ft) of 
liquid for a nominal operating capacity of 2,020 to 3,790 m3 (0.53 to 1 Mgal). 
Sixteen of the tanks (Type B) are of a smaller design, built to contain 208 m3 

(0.055 Mgal) each. 

Many of the tanks built after 1954 were equipped with condensers and 
condensate disposal systems to permit the waste to self-concentrate. These 
are called boiling waste tanks. They are equipped with airlift circulators to 
mix the waste and avoid a fluctuating rate of boiling. A fluctuating boiling 
rate could result in tank pressurization. Self-boiling has been observed at 
rates of up to 37.8 L/min (10 gal/min) in the SX Tank Farm, and up to 
113.4 L/min (30 gal/min) in the A Tank Farm. 

The 22.9-m- (75-ft-) diameter SSTs are domed top, reinforced concrete, 
cylindrical structures varying in height from 8.8 to 13.6 m (29 to 45 ft). 
They are lined with A-36 steel plate on the sides and bottom. The thickness 
of the concrete on the bottom of the tank varies from 15.2 to 45.7 cm (6 to 
18 in), and the sidewall thickness at the lower end is between 0.3 and 0.6 m 
(1 and 2 ft). The newer tanks have thicker linings and thicker concrete 
sidewalls and bottoms. The bottoms of most tanks are dished slightly. The 
tanks are below grade with at least 1.8 m (5.9 ft) of soil cover, which 
provides shielding and minimizes radiation exposure to operating personnel. 

The Type A and Type C tanks were built in "cascades" of three or four 
tanks. Waste was transferred to the first tank of the cascade and allowed to 
overflow into successive tanks of the cascade through piping in the side 
walls. Inlet and overflow lines are located near the top of the tank liner. 
Access to the tanks is provided by risers penetrating the domes of the tanks. 
Existing risers vary in diameter from 10.2 to 106.7 cm (4 to 42 in.). Fifty­
seven of the tanks also contain fiberglass pipes used for "liquid observation 
wells." Sixty-four of the 22.9-m- (75-ft-) diameter SSTs do not have a 
106.7-cm- (42-in.-) diameter central riser or hole for access. Thirty-nine of 
the SSTs have four or five centrally located 106.7-cm- (42-in.-) diameter 
risers that can be used for retrieval. These tanks are located in the BY, TX, 
and S Tank Farms. Locations and sizes for all SST risers can be found in 
Krieg et al. (1990). 

4.6.1.1 Single-Shell Tank Farms. The original ·tank farms (B, C, T, and U) 
were built from 1943 to 1944, and each consists of 12 Type A and 4 Type B 
SSTs. The Type A SSTs have dished bottoms, a 5.45-m (18-ft) wall height, and 
a 22.9-m (75-ft) interior diameter. They have a 2,020-m (533,oqo-gal) 
operating capacity (4.9 m [16 ft] waste level height) and a 250-m 
(66,100-gal) overflow capacity (0.6 m [2 ft] waste level height). They have 
an inner carbon steel liner and an outer concrete liner. The carbon steel 
liner ranges in thickness from 0.64 to 0.8 cm (0.25 to 0.31 in). This steel 
liner only comes up to the top of the side wall and, therefore, provides no 
protection to the concrete dome from waste vapors. The concrete liner ranges 
in thickness from 15.2 cm (6 in) at the bottom to just over 0.3 m (1 ft) for 
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the side walls and dome. The Type A tanks were cascaded in groups of three . 
~j A diagram of the Type A tanks is shown in Figure 4-8. They were designed to 
- • the following criteria: · 

• Waste density of 1. 2 g/cm3 (10 lb/gal) 

• Maximum waste temperature of 104 °C (220 °F) 

• Waste pH from 8 to 10 

• Negligible heat generation. 

Figure 4-8. Hanford Type A Single-Shell Tank (adapted from 
Krieg et al. 1990; ERDA 1975). 

2 . 74m ( 9 ' ] 

8 Tanks = 2 . 21m (7 ·- 3" ] 

22 . 86m [ 75 '] ----..u 
Steel L i ner 

A1 . 22m (4 ' ] 

0 . 1Sm[6" ] 0 . 23m [9" ] 

0 . 33m [ 1 ·- 1" ] 

a. 38m [ 1 '- 3" ] 

3 . 66m (1 2 "] 

5 . 49m [1 8 "] 

The BX Tank Fann was built from 1946 to 1947. It was built to the same 
design specifications as the original tank fanns except the Type B tanks were 
excluded . 

The Type B tanks have a 208-m3 (55 ,000-gal) operat i ng capacity (6 .97 m 
[23 ft]) with a 9.8-m3 (2,600-gal) overflow capacity (0 .3 m [l ft]) . As with 
the larger tanks, Type B have a carbon steel inner liner with a 0.3-m (1 - ft) 
concrete outer liner. The inner steel liner only extends to the top of the 
tank wall, providing no protection to the tank ceiling. The general 
configuration of the 6.1-m- (20-ft-) diameter SSTs is shown in Figure 4-9. 
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Figure 4-9. Hanford Type B Single-Shell Tank (adapted from 
Krieg et al. 1990). 
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These tanks have 6.1-m- (20-ft-) interior diameters and are 7.6 m (25 ft) in 
height. The top is flat and the bottom is slightly dished. There are several 
pipe penetrations in the top of the tanks ranging from 3.81 to 30 . 5 cm (1.5 to 
12 in . ) in diameter. There is also a 106.7-cm- (42-in.-) diameter manhole in 
the top located 3.6 m (11 ft) below grade. 

The second-generation SST design (Type C) was used for the S, BY, TX, and 
TY Tank Farms and is essentially the same as the original Type A tanks except 
for an increase in operating depth to 7.3 m (24 ft), providing a 3,870-m3 

(758,000-gal) operating capacity (6.97 m [23 ft]) and a 12.5 m3 (33,000 gal) 
overflow capacity (0.3 m [l ft]). A diagram of a Type C tank is shown in 
Figure 4-10 . 

The tanks were designed to the following criteria: 

• Waste density of 1.25 g/cm3 (10.4 lb/gal) 

• Maximum waste temperature of 104 °C (220 °F) 

• Waste pH from 8 to 10 

• Waste heat generation less than 100,000 Btu/h (29,300 W) or 
25 Btu/h/ton (7 .33 W/ton). 

The Type C tanks were built between 1947 and 1952. 
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. Figure 4-10. Hanford Type C Single-Shell Tank (adapted from 
Krieg . et al. 1990; ERDA 1975) . 
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The third-generation SST design (Type 01) was used for the SX Tank Farm . 
The wall height was i ncreased from the Type C design to 9.7 m (32 f t ) 
provi~ing a 3,785-m3 (1-Mgal) operating capacity (8 .9 m [29 .5 ft]) and a 
313-m (82,600-gal) overflow capacity (0 . 76 m (2.5 ft]) . This was the first 
of the bo i ling waste designs with an expected boiling period from 1 to 5 yr . 
A diagram of a Type DI tank is shown in Figure 4-11. The tanks were designed 
to the following waste criteria: 

• Waste density of 1.35 g/cm3 (11.2 lb/gal) 

• Maximum waste temperature of 121 °C (250 °F) 

• Waste pH of 8 to 10 

• Waste heat generation in the range of 1,000,000 Btu/h (293 , 000 W) or 
180 Btu/h/ton (52.8 W/ton). 

The Type D designs also include air lift circulators to keep the waste 
homogeneous . The SX Tank Farm was constructed between 1953 and 1954 . 
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Figure 4-11. Hanford Type 01 Single-Shell Tank (adapted from 
Krieg et al. 1990; ERDA 1975). 
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The fourth-generation SST design (Type 02) was used for the A Tank Farm 
and is very similar to the Type 01 tanks, having an operating capacity of 
3,785 m3 (1 Mgal) (9.2 m [30.24 ft]) and an overflow capacity of 282 m3 

(74,400 gal) (0.68 m [2.25 ft]). The A Tank Farm tanks were modified to have 
a flat instead of dished bottom and are also designed for boiling waste wi th 
an expected boiling period of 5 to 10 yr. A diagram of a Type D2 tank is 
shown in Figure 4-12. The design specifications follow : 

• Waste density of 2.0 g/cm3 (16.7 lb/gal) 

• Maximum waste temperature of 121 °C (250 °F) 

• Waste pH of 8 to 10 

• Waste heat generation of 10,000,000 Btu/h (2,930,000 W) or 
1,200 Btu/h/ton (352 W/ton). 

The Type D2 tanks were built between 1954 and 1955 . 

The fifth-generation SST design (Type D3) in the AX Tank Farm is 
essentially the same as the A Tank Farm design with the addition of a grid of 
drain slots beneath the steel liner bottom. The grids function to collect 

,.:·-· v·'· 
. ~--: ...,, . 
,··· .. :1-:· 
!:•, •_;, 

• .. ;~.:J--

potential tank leakage. This is then diverted to a leak detection well. The f,~-~-~-~-~,,-.i.~_} 

grids also serve as an escape route for free water formed as it is released .1W 

4-28 



WHC-EP-0566 

Figure 4-12. Hanford Type 02 Single-Shell Tank (adapted from 
Krieg et al. 1990; ERDA 1975). 

2 '13m C 7 J • 38m [-, - :; · ~ 

3 . 615m C ., 2 J 

0 . 3Sm C '1 · - 3 " J 
;i;i . 86m C 75 ' J ------

S~ee I L. 1 ner'" 
99-,m ( 32 - 6 ' J 

3 / 8 " s:>ta ~ • 

' 
o . 6'1m C 2 'J 

o . 20m C B" J 

from the concrete grout during initial heating of the tank . A diagram of a 
Type 03 tank is shown in Figure 4-13. The tanks were designed for a boiling 
period of 1 to 5 yr. 

The design specifitations follow : 

• Waste density of 1.8 g/cm3 (15.0 lb/gal) 

• Maximum waste temperature of 121 °C (250 °F) 

• Waste pH of 8 to 10 

• Waste heat generation of 10,000,000 Btu/h (2,930,000 W) or 
1,300 Btu/h/ton (352 W/ton). 

The AX Tank Farm was built from 1963 to 1964. 

4.6. 1.2 Double-Shell Tank Farms . The sixth-generation tank design (Type · El ) 
was used in the AV and AZ Tank Farms and represented a depart ure from pas t 
tank designs . This design included a heat- treated , st ress- relieved primary 
steel liner and a nonstress-relieved outer steel liner, both inside the 
reinforced concrete shell. The primary tank was fabricated from American 
Society of Testing and Materials (ASTM}-ASlS Grade 60 steel , with wall 
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Figure 4-13. Hanford Type 03 Single-Shell Tank (adapted from 
Krieg et al. 1990; ERDA 1975). 
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thickness varying from 1.3 cm (0.5 in.) at the bottom, to 2.2 cm (0.88 in.) at 
the knuckle, and to 0.95 cm (0.38 irr.) at the top. Unlike the SSTs, the 
secondary shell extends to cover the concrete dome to protect it from waste 
vapors. The secondary steel wall (same type steel as the primary) consists of 
0.95-cm- (0.38-in.-) thick plate. An annulus is provided between the two 
shells to collect leakage from the primary tank with the capability to detect 
and pump out leaked liquids. The tanks were built between 1968 and 1977 and 
have an operating capacity of 3,710 m3 (980,000 gal) (9.1 m (30 ft]) and an 
overflow capacity of 313 m3 (82,600 gal) (0.76 m [2.5 ft] - tank level). 

The tanks were designed for boiling waste with a boiling period of 1 to 
5 yr. They also included air lift circulators in order to agitate the waste . 
A diagram of a Type El tank is shown in Figure 4-14. The design criteria 
follow: 

• Waste density of 1.8 g/cm3 (15.0 lb/gal) 

• Maximum waste temperature of 177 °C (350 °F) 

• Waste pH of 8 to 10 

• Waste heat generation rate of 10,000,000 Btu/h (2,930,000 W) or 
1,300 Btu/h/ton (352 W/ton). 
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Figure 4- 14 . Hanford Type El Double-Shell Tank (ERDA 1975) . 
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The seventh-generation tank design for USTs (Type E2) was used in the AP , 
AW, and SY Tank Farms. The tanks have the same general design as the sixth­
generation tanks except for a slightly increased operating capacity of 
4,315 m3 (1.14 Mgal) (10.4 m [34 .5 ft]) with an overflow capacity of 354 rn3 

(93,600 gal) (0 .85 m [2 .8 ft] - tank level) . They were designed for liquid 
and salt cake storage and do not have air lift circulators. A diagram is 
shown in Figure 4-15. The design life of these tanks for liquid waste or salt 
cake storage is at least 50 yr. 

A future DST farm is planned to be built in the mid-1990's (AT Tank 
Farm). The addition of stainless steel liners instead of carbon steel will 
provide additional leak protection. 

4.6.1.3 Tank Operating Practices. Those SSTs originally designed to hold 
nonboiling waste are A, B, or C type tanks. The tanks were originally 
arranged in cascades of three, four, or six tanks; i.e., the tanks were 
arranged in such a manner that when the first tank in a cascade was filled, it 
overflowed to the second tank, then to the third tank, etc . For the BX and 
BY Tank Farms, the final tanks in the cascades were cascaded to cribs to 
recover tank space . As various programs have been initiated through the 
years, many of the overflows between tanks in the various cascades have been 
removed, modified, or blanked. A number of the tanks are equipped with air­
cooled reflux condensers. Dry wells located within the tank farms are used to 
monitor the soil for radioactivity, thus serving as a leak detection system . 
These dry wells extend to a depth of approximately 22.9 m (75 ft), which is 
several meters below the bottom of the tanks. 
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Figure 4-15. Hanford Type E2 Double-Shell Tank (ERDA 1975). 
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. The routing of nonboiling liquid waste from the process buildings to the 
tank farms is done via underground lines and diversion boxes where selected 
underground piping was interconnected by jumpers. Leaks occurring in the 
diversion boxes, or into the surrounding line encasement, drain to catch tanks 
which are then pumped to the large USTs. Catch tanks and waste storage tanks 
are inventoried by taking electrode readings of the liquid levels . 

On notification from the operating building to the tank farm that a batch 
of waste is ready to be pumped to a UST, the tank farm operator determines the 
following: 

• A satisfactory routing is in place from the operating building to 
the designated receiving tank 

• The receiving tank has sufficient space to accommodate the transfer . 

If all conditions are satisfactory for the transfer, the tank farm 
operator notifies the operating building, and the transfer is started. After 
completing the transfer, the volume is logged for future reference. 

There are five aging waste tank farms: A, AX, AY, AZ, and SX. The tank 
farms contain only Type D and El tanks, with a total of 29 USTs. The SX Tank 
Farm was used to store REDOX salt waste. It was the first to be equipped for 
handling boiling waste solutions, although not all of the SX tanks could 
accommodate self-boiling wastes. Of the 15 tanks in the farm, only Tanks 105 i~ 
and 107 to 115 were equipped to handle self-boiling wastes. ·:tr>' 
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The A, AX, AV, and AZ Tank Farms were built .to store PUREX and 8 Plant 
aging wastes. Vapors from the boiling action, or self-concentration, are 
routed through headers to condensers, which are vented to the atmosphere 
through high-efficiency particulate air (HEPA) filters. Condensate i s either 
discarded to cribs or returned to the waste tank where it is used to mainta in 
the desired liquid level . 

In the aging waste tanks, heat is generated when the fission products 
decay radioactively. Most of the heat generated is dissipated by bo i ling the 
supernatant, although a small amount of the heat is conducted to the ground. 
The rate of heat generation in a tank is dependent on the quantity of fission 
products -present, which, in turn, is dependent on the characteristics of the 
fuel that was processed. 

The SY, AW, and AN DST Tank Farms were placed into service for the 
storage of concentrated supernatant (salt cake}. Current plans call for the 
storage of all tank farm liquid waste to be in DSTs. 

After construction of a new waste storage tank, a minimum of 17 .8 cm 
(7 in} of water is added to the tank to prevent the bottom liner from buckling 
under conditions of negative pressure maintained on the tank. A tank vacuum 
in excess of 15.2 cm (6 in) of water is impossible because of a water seal 
located in the tank farm vent header. 

4.6. 2 Internal Monitoring Systems 

Monitoring devices and systems are used to determine the status of the 
stored wastes, to measure the potential effects of the stored waste upon the 
tank structures, and to indicate real or potential operating problems 
involving tank failure . 

In relating to the waste tank structures themselves, the AX and AY tank 
designs provide for the installation of thermocouples in various locations 
within the concrete shell, within the sludge, and under the tanks . Using 
these thermocouples, temperature profiles may be taken as a means of 
determining thermal stresses within the shell and sludge, and to indicate the 
need for changes in the mode of operations of the tanks. 

The A and SX Tank Farms include lateral piping located in the soil 
beneath the tanks. Radiation profiles and temperature patterns can be 
determined by passing a detection device through the piping. This information 
can be used to determine the tank's current condition. 

Monitoring nonboiling tank supernatant and sludge levels indicates 
possible changes of conditions within the tank. Electrode tapes are used to 
determine liquid levels. Metal plate "floats" are used to determine sludge 
levels. The floats are 7.6 to 15 . 2 cm (3 to 6 in} in diameter and sink 
through the liquid until they contact the sludge layer . 

Stress gauges have been installed on the AV tanks to provide a measure of 
any stress change occurring on the steel liner while the tanks are in service. 
The stress gauges are welded directly to the inner tank liner . 
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4.6.3 Underground Storage Tank Auxiliaries 

Tank auxiliaries are provided to prevent or m1n1m1ze the escape of 
radioactive material to the environment. The more significant auxiliary 
systems are briefly discussed below. 

Airlift circulators were installed in aging waste tanks to promote mixing 
of the supernatant with the underlying slurry. By maintaining a mixing motion 
within the tank, the circulators minimized any superheating of the waste by 
concentration of fission products. 

The circulators are long, open cylinders of varying lengths immersed in 
the tank's contents. An air line discharging at the base of the cylinder 
causes a flow of solution from the bottom to the top of the cylinder. This 
moves old solution from the bottom of the tank to the supernatant layer above . 

The waste storage tanks in the T, U, 8, C, SX, TX, and TY Tank Farms 
(Type_ A and C tanks) were equipped with air-cooled condensers of the multi­
tubed, air-fin type and vented through ~EPA filters to the atmosphere . These 
condensers were adequate for the waste temperatures and vapor loads 
encountered in the original operations, approximately 82 °C (180 °F) for 
sludge and supernatants. 

The SX USTs were the first tanks designed for boiling service and were 
expected to boil from 1 to 5 yr. The heat load on the SX ~ystem increased as 
waste self-concentrated, and it was n~cessary to install airlift circulators 
to prevent superheating. This increased the vapor load on the ventilation 
system. The atmosphere in the tanks was considered saturated at the ambient 
temperature of the tank headspace, apprQximately 180 °F (82 °C) . Depending 
upon the status of the tank contents, condensate was either discharged to a 
crib or returned to the tank to maintain the liquid level. 

The A, AX, AY, and AZ Tank Farms have a common ventilation system. 
Backup facilities are provided by the A Tank Farm vent system . The SY, AW, 
and AN Tank Farms have their own ventilation systems . 

4.7 UNDERGROUND STORAGE TANK WASTE PHYSICAL DESCRIPTIONS 

As discussed in Section 4.5, four chemical processing operations in the 
200 Areas produced large quantities of radioactive waste solutions that were 
transferred to USTs. These were the BiP04 process, the TBP process, the REOOX 
process, and the PUREX process. Three of these were chemical separation 
programs for the recovery of plutonium from irradiated reactor fuels. The 
fourth, TBP, was designed for the recovery of uranium metal from waste 
generated by the BiP04 process. Before transfer to the SSTs, sodium hydroxide 
and/or sodium carbonate was added to the waste to minimize tank corrosion. 
Thus, the processing of the irradiated fuels and treatment of the resulting 
waste have produced alkaline solids and liquids containing radionuclides and 
hazardous chemical constituents. Table 4-3 shows the waste volumes by type 
~~~l~YA~t~k farm. A tank-by-tank listing of tank waste totals can be found in @ 
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As Table 4-3 indicates, the tank waste volumes vary cons iderably from 
tank to tank. Figure 4-16 shows the relative percentage of waste volumes 
compared to operating capacity. 

Figure 4-16 . Percent of Operating Capacity Filled with Was t e. 

Number of Tanks · 
40 ---------------------------, 

Percent of Tank Capacity 

The principal activity in the waste comes from 137Cs (49.3 MC i ), 90Sr 
(75.3 MCi), and their decay products. Strontium is largely insoluble and i s 
located primarily in the sludge waste. On the other hand, cesium is solubl e 
and is located in the liquid portion of the waste or has ·been precip i tated 
with ferrocyanide also into the sludge. There are also approximately 
23,150 Ci of TRUs, especially uranium and plutonium isotopes. The waste 
chemical composition is primarily sodium nitrate and nitrite salts, other 
sodium salts, metal hydroxides, and a small amount of organic compounds . The 
liquid portion of the waste has a pH of approximately 10 to 12. Very few 
mechanical properties are known, except that those from the few core samples 
to date and from synthetic waste. Bulk density ranges from 1 . 3 to 1.7 g/ cm3 

(10.8 to 14.2 lb/gal). The particle size distribution ranges from 0.1 to 
20 µm. The shear strength of solid wastes is estimated to be between 
10,000 and 100,000 cyn/cm2• 

4.7.1 Supernatant Description 

Supernatant (liquid) is the neutralized by-product of the Hanford Si t e 
acidic radioactive waste. As has been stated, waste volumes have been reduced 
by either sending supernatant to cribs for ground ·di sposal, or evaporating off 
the water portion of the supernatant and returning the previously dissolved 

g3s\ solids to the USTs in the form of salt cake. Freestanding supernatant has an 
,;i:@'.t~ approximate density of 1.6 g/cm3 (13.3 lb/gal) and an average water content 

of 40 . 2%. 
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Total 

Liquid 

(m3) (ga 1) 

30 8,000 

20,880 5,517,000 

23,920 6,320,000 

15,240 4,025,000 

11 3,000 

4,727 1,248,000 

6,739 1,779,000 

57 15,000 

189 50,000 

0 0 

640 169,000 

174 46,000 

239 63,000 

3,049 805,000 

280 74,000 

19 5,000 

11 3,000 

636 168,000 

76,841 20,298,000 

Table 4-3. Hanford Tank Farm Waste Volumes (March 1992). 

Sludge Salt cake Slurry 

(m3) (ga 1) (m3) (ga 1) (m3) (ga 1) 

2,106 556,000 3,679 . 972,000 0 0 

1,~71 415,000 0 0 3,547 937,000 

0 0 0 0 0 0 

4,296 1,135,000 742 196,000 0 0 

72 19,000 3,346 884,000 0 0 

436 115,000 0 0 0 0 

477 126,000 0 0 0 0 

6,424 1,697,000 1,306 345,000 0 0 

5,125 1,354,000 587 155,000 0 0 

2,721 719,000 15,236 4,025,000 0 0 

7,484 1,977,000 0 0 0 0 

4,433 1,171,000 18,037 4,765,000 0 0 

5,799 1,532,000 10,818 2,858,000 0 0 

269 71,000 2,135 564,000 4,175 1,103,000 

7,537 1,991,000 0 0 0 0 

913 241,000 25,210 6,659,000 0 0 

2,163 571,000 242 64,000 0 0 

2,417 638,000 10,387 2,744,000 0 0 

54,243 14,417,000 91,725 24,231,000 7,722 2,040,000 

Total 

(m3) 

5,815 

25,998 

23,920 

20,278 

3,429 

5,163 

7,216 

7,787 

5,901 

17,957 

8,124 

22,644 

16,856 

9,628 

7,817 

26, 142 

2,416 

13,440· 

230,531 

(ga 1) 

1,536,000 

6,869,000 

6,320,000 

5,356,000 

906,000 

1,363,000 

1,905,000 

2,057,000 

1,559,000 

4,744,000 

2,146,000 

5,982,000 

4,453,000 

2,543,000 

2,065,000 

6,905,000 

638,000 

3,550,000 

60,897,000 
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4.7.2 Sludge Description 

Sludge consists primarily of heavy metals, iron, aluminum, and other 
various metal hydroxide precipitates. It is largely insoluble in tne alkaline 
supernatant. 

Sludge in the SSTs has been described in a number of ways : 

• Varying in consistency from oatmeal to peanut butter 

• Sandy with hard chunks of material 

• Dried-up mud or clay 

• Thick, sticky, and/or dark brown paste. 

The viscosity of the thicker sludges is expected to approach 1,700 Pa ·s. 
Some of the sludges have been allowed to dry and have formed cracked patterns 
similar to a dry lake bed . Some photographs indicate there is dried sludge on 
top of salt cake. Simulated sludges, using nonradioactive material, are being 
developed to study the physical and chemical characteristics . The sludge is 
approximately 33.6% water and has an average density of 1.7 g/cm3 

(14.2 lb/gal). 

4.7.3 Salt Cake Description 

Most of the SSTs contain waste in the form of a salt cake . Salt cake 
makes up approximately 50% of the total Hanford Site waste volume and consists 
primarily of sodium nitrate. Salt cake is the concentrate produced by the 
evaporation of supernatant waste. Damp salt cake appears to have a . 
consistency of jelly. The salt cake in the SSTs will vary from wet, to dry , 
to damp, and may contain pockets of liquids. Dried salt cake is a hard , 
abrasive, brittle material and even exists in large crystals . The porosity of 
the salt cake is expected to vary from 10% to 50%. The average water content 
is approximately 10.5% and the average density is 1.4 g/cm3 (11.7 lb/gal). 

4.7.4 Double-Shell Slurry Description 

Double-shell slurry is described as waste that has been evaporated almost 
to its sodium aluminate saturation boundary or 6.SM hydroxide in the 
evaporator (Hanlon 1992). The average density of slurry is estimated to be 
1.3 g/cm3 (10.8 lb/gal) with a water content of 56.2%. 

4.7.5 Other Waste Descriptions 

In addition to the three major waste types (supernatant, sludge , and salt 
cake), there are several sub~categorie~ associated with waste stored in the 
DST. The following is a description of these waste types (Hanlon 1991) : 

• Aging waste--High-level, first-cycle solvent extraction waste from 
the PUREX plant; neutralized current acid waste . 
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• ~~n~~~~~!t~~m~~!~l!~!~;~-Concentrated product from the evaporation ~21, 
• Concentrated phosphate waste--Waste originating from the 

decontamination of 100-N Area reactor. Concentration of this waste 
produces concentrated phosphate waste. 

• Dilute complexed waste--Characterized by a high content of organic 
carbon, including organic complexants such as ethylenediamine­
tetraacetic acid, citric acid, hydroxyethyl ethylenediaminetriacetic 
acid, and iminodiacetate. Main sources of diluted complexed waste 
are salt well liquid inventory. 

• Dilute noncomplexed waste--Low-activity liquid waste originating 
from T and S Plants, the 300 and 400 Areas, PUREX facility 
(decladding supernatant and miscellaneous wastes), 100 N Area 
(sulfate waste), B Plant, salt wells, and PFP (supernatant). 

• Double-shell slurry feed--Waste evaporated just before reaching the 
sodium aluminate saturation boundary or 6.SM hydroxide in the 
evaporator. This form is not as concentrated as double-shell 
slurry. 

• Noncomplexed--General waste term applied to all Hanford Site liquors 
not identified as complexed. 

• PUREX decladding--PUREX neutralized cladding removal waste is the 
solids portion of the PUREX plant neutralized cladding removal waste 
streams; received in tank farms ~s slurry. Classified as TRU waste. 

4.7.6 Unique Contents of the Underground Storage Tanks 

In addition to the typical salt cake, sludge, supernatant, other wastes, 
and various installed obstructions within the tank, there are also unique 
contents that have been added or abandoned within some tanks. Some of these 
contents have been listed in Table 4-4. In the past, metal measuring tapes, 
level instrumentation, experimental fuel elements, sample bottles, and other 
contaminated scrap were disposed of in the SSTs. Some of the SSTs may contain 
several hundred of these items. Diatomaceous earth was added to some of the 
tanks in an attempt to absorb moisture and reduce the potential for leakage. 

The actual list of unique contents added to SSTs over the last 40 yr is 
much larger than that shown in Table 4-4. Numerous items were added and never 
recorded. Retrieval operations of the tank waste will have to be prepared for 
the unexpected. 
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f ~ Table 4-4. Unique Contents of Single-Shell Tanks. 
~ :.: ,;:.~r 

Tank Contents 

101-BX 7 m3 (1,850 gal) ARC-359/organic ion exchange resin, added 1972 

102- BX 95 Mg (104 .6 tons) diatomaceous earth, added January 1972 

105- BY 57 Mg (62 .8 tons) portland cement 

107- SX 41 bottles neutralized waste from 100-F Area, each wi th <lg of 239 Pu 

110-SX 16 plastic bottles or containers (7.6 cm [3.0 in.] in diameter by 
137.2 cm [54.0 in] long) containing the following total masses: 

• 113 g natural uranium 
• 53 g depleted uranium 
• 6 g enriched uranium 
• 204 g 239Pu 

113- SX 41 Mg (45 .1 tons) di atomaceous earth , added April 1972 

116-TX 95 Mg (104.6 tons) diatomaceous earth, added November 1972 

117- TX 41 Mg (45 .2 tons) di atomaceous eirth, added January 1971 

106-TY 27 Mg (29.7 tons) of diatomaceous eart h, added February 1972 

101-U Tank was used for di sposal of solid waste : 

• Six cask loads of experimental fuel elements, shroud tubes , and 
samarium "poison" ceramic balls containing: 

- 1,530 g 4.5% enriched uranium 
- 6 g plutonium 
- 6. 75 E+l5 Bq 60co 
- 2.6 E+12 Bq mixed fission products 
- 6°Co slugs with 2.6 E+12 Bq 6°Co 

104-U 55 Mg (60 .6 tons) diatomaceous earth, added May 1972 

Source: Boomer 1991. 

4.7 .7 High-Priority Waste Tank Safety Issues 

There are four high-priority tank issues at the Hanford Site : 

• Flammable gas generation (H2) 

• Potential explosive mixtures of ferrocyanide 

• Potential explosive mixtures of organic and nitrate sal t s 

• Continued cooling of high-heat generating tanks. 
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Except for five DSTs that generate flammable gases, all of the rema1n1ng 'it''\;\ 
high-priority tanks are SSTs. These four categories are discussed in the ,:{i})) 
following sections (Sabad et al. 1991). 

4._7.7.1 Flammable Gas Generating Tanks. Five DSTs and 18 SSTs generate, 
store, and periodically appear to release significant quantities of flammable 
gases, primarily mixtures of hydrogen and nitrous oxide. If an ignition 
source is present at this time, this gas mixture could ignite and burn. This 
could cause filters in the venting system to fail, resulting in a spread of 
contamination. The worst postulated consequence is the potential of hydrogen 
burning and causing the crust of the waste to ignite leading to larger 
releases (Wilson 1991). 

Hydrogen gas and nitrous oxide production in Tank 101-SY is the primiry 
waste tank safety issue at the Hanford Site because the average peak 
concentrations of hydrogen gas during releases is periodically above the lower 
explosive limit for hydrogen. Such venting of flammable gases is expected to 
continue until some remediation action is taken. 

The other 22 tanks also produce flammable gases, but with a lower 
hydrogen concentration and with less overall volume. Evidence of venting, 
surface level behavior, and knowledge of the other tank contents suggests a 
much lower probability of potentially dangerous gas concentrations in these 
other tanks. All 23 tanks are listed in Table 4-5 with tank waste 
temperature. 

Table 4-5. Flammable Gas Accumulation Tanks. 

Tank 
Temperaturea 

Tank oc OF 

101-A 68 155 109-SX 
101-AX 60 141 110-T 
103-AX 46 115 103-U 
102-S 42 108 105-U 
111-S 36 96 108-U 
112-S 31 87 109-U 

101-SX 59 139 103-ANb 
102-SX 67 153 104-ANb 
103-SX 84 184 105-ANb 
104-SX 79 174 101-SYb 
105-SX 87 189 103-SYb 
106-SX 47 116 

8As of March 1992. 
bDouble-shell tanks. 

Temperaturea 
oc OF 

69 156 
17 63 
32 89 
33 92 
32 90 
33 91 
44 112 
45 113 
43 110 
52 125 
46 · 114 

4.7.7.2 Potentially Explosive Mixtures of Ferrocyanide in Single-Shell Tanks. 
Twenty-four SSTs contain insoluble ferrocyanide salts in quantities greater 
than approximately 1,000 gmoles (500 lb) of ferrocyanide. Sodium ferrocyanide 
was introduced to the tanks to precipitate 137Cs as was discussed in 
Section 4.5.2. If subjected to high temperatures, ferrocyanide could become 
explosive. 

4-40 



WHC-EP-0566 

Ferrocyanide tanks were identified as a safety issue because not enough 
is known about the concentrations and distribution of ferrocyanide and 
nitrate-nitrite materials in the tanks. There is a possibility of an 
uncontrolled exothermic reaction or explosion if tank contents are allowed to 
heat up. Although the measured tank temperatures are far below the 
temperature required to cause an exothermic reaction (285 °C [545 °F]) , hot 
spots and/or a catalyst within the tank waste could make a reaction more 
likely. Table 4-6 shows the SSTs suspected of having high quantities of 
ferrocyanide and their respective tank waste temperatures. 

Table 4-6. Single-Shell Tanks Containing >1,000 Grams/Mole of Ferrocyanide . 

Tank 
Temperaturea Ferrocyanide 

oc OF (xl,000 gmole) 

102-BX 18 65 0-1 
106-BX 17 63 0-1 
110-BX 20 64 0- 1 
111- BX 21 69 0-1 
101-BY 23 74 0-1 
103-BY · 27 80 66 
104-BY 54 129 83 
105-BY 45 114 36 
106-BY 55 131 70 
107-BY 36 97 42 

· 108-BY 33 92 58 
110-BY A9 120 71 

aAs of March 1992. 
Source: Hanlon 1992. 

Tank 
Temperaturea Ferrocyanide 

oc OF (xl,000 gmole) 

111-BY 31 87 6 
112-BY 28 83 2 
108-C 22 71 25 
109-C 25 77 30 
111-C 21 69 33 
112-C 27 81 31 
101-T 23 74 0- 1 
107-T 19 66 5 

118-TX 24 75 0- 1 
101-TY 20 68 23 
103-TY 19 67 28 
104-TY 21 69 12 

4.7 .7.3 Potential Organic-Nitrate Reactions Within Single-Shell Tanks . Eight 
tanks contain organic chemicals at concentrations believed to be potentially 
hazardous. Concentrations could be high enough to cause an exothermic 
reaction given a sufficient driving force, such as high waste temperatures . 
However, the difference between ignition temperatures and actual tank 
temperatures measured is so large that the probability of such a reaction is 
considered to be very low. None of the tanks have waste temperatures 
exceeding 65 °C (149 °F). 

These eight organic waste tanks have been determined from tank waste 
transfers, flowsheet records, and from the limited analytical data . The tanks 
are declared organic tanks if the waste contains greater then 10% (dry weight) 
of organic salts. Many organic chemicals, if present in concentrations above 
10% (sodium acetate equivalent), have the potential to react with nitrate­
nitrite constituents at temperatures above 200 °C (392 °F) in an exothermic 
manner. The consequences of the postulated reaction are about the same as 
that postulated for a crust ignition after ignition of hydrogen in a tank . 
The eight tanks and their respective waste temperatures are listed in 
Table 4-7 . 
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Table 4-7. Tanks Containing Concentrations of 
Organic Salts ~10% Total Organic Carbon. 

Tank 
Temperaturea 

Tank 
Temperature 8 

·c "F ·c "F 

103-8 16 60 105-TX 40 104 
103-C 49 120 118-TX 24 75 
102-S 42 108 106-U 30 86 

106-SX 47 116 107-U 27 80 
8As of March 1992. 

4.7.7 . 4 High Heat Generating Single-Shell Tanks. Eleven SSTs contain waste 
that generates heat loads greater then 11,700 W (40,000 Btu/h). One SST, 
Tank 106-C, requires periodic water addition to maintain its temperature 
within the permissible limits determined by structural considerations. 
Tank 106-C has been used for waste storage since 1947 and currently contains 
870 m3 (230,000 gal) of waste. During the late 1960's, a program to recover 
strontium and cesium from aging stored waste in the A and AX Tank Farms was 
started. Sludge washing and decanting steps in this process inadvertently 
transferred heat-generating, stronti~m-rich sludge to Tank 106-C. The tank 
waste currently generates 44,000 W (150,000 Btu/h) or 29.3 W/ton 
(100 Btu/h/ton) of waste. This is 3 times the heat output of any of the other 
iO high-heat tanks. If the current methods of cooling Tank 106-C are stopped, 
the sludge temperatures may exceed established limits and may cause tank 
structural damage and possibly an unacceptable radioactive release to the 
environment (Wilson 1991). Table 4-8 outlines the 11 high-heat tanks with 
their respective waste temperatures and heat outputs. 

Table 4-8. High-Heat Tanks with >40,000 Btu/h. 

Temperaturea Heat loadb 
Tank ·c "F (kW) (Btu/h) 

104-A 89 192 
105-A 60 140 
105-Cc 37 99 
106-Cc 82 180 
107-SX 79 175 
108-SX 92 198 

8As of March 1992. 
bAs of April 1989. 

15 50,000 
15 50,000 
12 42,000 
44 .50,000 
12 42,000 
13 45,000 

Tank 
Temperaturea 

·c "F 

109-SX 69 156 
110-SX 81 178 
111-SX ·as 190 
112-SX 67 153 
114-SX 86 187 

cPeriodic water additions for cooling are required. 
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1~ 4.8 WASTE CHARACTERIZATION CAPABILITIES 
-~ ;itP-

The UST waste at the Hanford Site is being characterized primarily by 
laboratory analysis of core samples taken from individual tanks and computer 
modeling of tank waste. 

4.8.1 Tank Core Samples 

Core sampling of SST waste in six TY tanks was conducted in 1985. 
Problems with the tank sampling equipment were encountered, and recovery of 
the waste from these tanks was generally unsatisfactory. The average recovery 
was only 55% of the original sample. Quality core samples require the 
recovery of at least 80% of the original sample. This unsatisfactory recovery 
of the waste cores from the tanks precluded statistical evaluation of 
subsequent analytical results. However, significant improvements in tank 
sampling equipment were made from lessons learned in 1985 . Acceptable core 
samples have been taken in every year since then except for 1987. No samples 
were taken in 1987 due to funding constraints. 

Core samples are obtained by a special sampling truck and support 
equipment. They are drilled from the surface through one of the tank risers 
via a rotary core sampling mechanism. The cores are divided into multiple 
segments. Each segment is 48.3 cm (19 in) long by 2. 54 cm (1 in) in diameter. 
The number of segments in a core sample range from 1 to 19, with 5 being the 
average . · Each segment of the core is kept in a radiation shielded container 
after being extracted from the tank. Using this method, samples of liquids, 
slurries, and sludges can be taken at any prescribed depth in the USTs . 

About half of the SSTs contain hard, crusty solids that are difficult to 
sample . This hard waste is usually at the bottom of the tank. Problems are 
encountered because the core sampling bit tends to plug, resulting in an 
inadequate amount of sample for analysis . 

There are a few problems in the sampling of liquids, supernatant, 
slurries, and sludges. The primary problem is the use of normal paraffin 
hydrocarbons (NPH) as a hydrostatic fluid. The NPH is usually required to 
lubricate the segment container mechanisms to retain the core sample, but its 
use can interfere with needed organic analysis done on the samples. 

Core samples are taken to either the Westinghouse Hanford Company 
222-S Laboratory or the Pacific Northwest Laboratory 325 Laboratory. Samples 
are broken down and extruded from the segment containers in a laboratory hot 
cell, which is heavily shielded to protect laboratory personnel from 
radioactive exposure. All sample preparation and analysis is done in the hot 
cell using remotely controlled mechanical arms and sacrificed laboratory 
equipment. The laboratory technicians perform visual and physical 
measurements on the extruded samples, homogenize the sample, and prepare sub­
samples to be dispensed to the analytical chemistry sections for analysis. It. 
ii estimated that the total cost for the sampling, analysis, and strirage of 
each core can reach $500,000. Over 100 different analyses are performed on 
each core. The Hanford Site's capacity for analyses is currently limited to 
24 cores per year. Under the Tri-Party Agreement, two core samples have to be 
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taken from each SST. Core samples are also being taken from DSTs, such as <r,r.:_} __ •-~.J 
101-SY, to determine their composition. Table 4-9 provides a summary of hot •--.-
cells at the Hanford Site. 

Table 4-9. Summary of Current Hot Cells at the Hanford Site. 
Organization 

Hot cell type Building Laboratory name Number of responsible 
location hot cells for cell 

facilities 
222-S Analytical Lab 7 Westinghouse 

Analytical Hanford 
Company 

325-8 Shielded Analytical 8 PNL 
324 Shielded Materials 2 PNL 
327 Post Irradiation Testing 12 PNL 

Metallurgical FMEF Fuel Material Examination 17 Westinghouse 
Hanford 
Company 

324 Rad i ochemi ca 1 4 PNL 
325-A HL Radiochemistry 3 PNL 

Radiochemical 225-8 WESF 7 Westinghouse 
Hanford 
Company 

FMEF a Fuels and Materials Examination Facility. 
HL • High-level. 

PNL a Pacific Northwest Laboratory . 
WESF • Waste Encapsulation and Storage Facility. 

4.8.2 Track Radioactive Components 

Radioactive wastes have been stored in USTs since 1943; however, until 
the 1970's, estimates of waste inventories in tanks were calculated manually. 
With the advent of computer technology, this manual system was replaced by the 
track radionuclide components (TRAC) computer model. The TRAC uses estimates 
of radionuclides generated by reactor operations and historical knowledge. 
Information from known process history, tank chemistry, radioactive decay 
laws, tank transfer records, and known physical, chemical, and radiological 
properties also are included. The TRAC provides estimates of the quantities 
of 68 radioactive and 36 stable chemical components and their location by tank 
(Morgan et al. 1988). · 

4.9 UNDERGROUND STORAGE TANK WASTE CHEMICAL CHARACTERISTICS 

The chemical composition of the different waste forms has currently been ~ 
derived from records of fuel elements processed, chemicals used, and a limited {ti) 
number of waste samples analyzed. The estimated chemical concentrations of 

· the various waste forms is shown in Table 4-10. 
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Table 4-10. Hanford High-Level Waste Chemical Composition (wt%) 
(ORNL 1991). 

Component Supernatant Sludge Salt cake Slurry 

NaN03 20.8 25 .3 81. 5 14 .8 
NaN02 15 . 8 3.8 1. 7 5.6 

Na,CO~ 0.6 2.2 0.5 1.9 
NaOH 6.2 5.3 1.5 7.0 
NaAlO, 12 . 5 1.2 1.4 5.6 
NaF -- -- -- 0.4 

Na,S04 -- 1.0 1.3 0.3 

NaJP04 2.3 15.8 1.6 0.8 

KF -- -- -- 0.4 
FeO(OH) -- 1.3 -- 0.2 
Organic Carbon 0 .17 -- -- 1. 2 
NH • -- -- -- 0.08 4 

Al (OHh -- 2.9 -- 4.9 
SrO · H,O -- 0 . 1 -- --
Na,Cr04 1.3 -- -- --
Cr(OH) J -- 0. 2· -- 0.02 

Cd(OH) 2 -- 0 . 1 -- --
Ni (OH) 2 -- -- -- <0 . 1 

Bi P04 -- 0.5 -- --
c,- -- 0.1 -- --
Ni,Fe(CN),, -- 0.6 -- --
P205 • 24 (W02 ) • 44 (H20) -- <0.1 -- --

' ZrO, · 2 (H,O) -- 0.5 -- 0.2 
Fission Products -- -- -- <0.01 

H20 40 .2 33.6 10 . 5 56 .2 
Others <0.1 5. 5 -- <0.01 
Hg• (ppm) -- 0. 12 -- --

Total 100 .0 100 .0 100 .0 100 .0 

Density (g/ml) 1.6 1. 7 1.4 -1 .3 
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As can be seen, the waste contains large amounts of sodium salts, ~.1YJ.~_;_) 

especially nitrate and nitrite. There are also several metal hydroxide ~-
precipitates, especially aluminum and iron. Both the salts and the hydroxides 
were formed primarily from the neutralization of the process waste before 
storage in the USTs. As stated, these compositions are based on a limited 
number of waste samples analyzed; thus, the compositions are somewhat 
uncertain. 

Using this information and estimated amounts of sludge, salt cake, 
supernatant, and slurry in the tanks, the estimated total mass of UST 
constituents were calculated (see Table 4-11). Estimates of chemical totals 
for individual tanks can be found in Table A-2. 

The existing tank waste contains a number of organic compounds that were 
used by the Hanford Site chemical processing facilities. Due to the thermal 
and radiolytic history of the waste, it is likely that a significant fraction 
of the organic materials may have decomposed or polymerized. 

. Host of the organic compounds in the waste were introduced as chelating 
agents for strontium recovery at the B Plant. The chelating agents used at 
the B Plant were hydroxyacetic acid, citric acid, hydroxyethylethylenediamine­
tetraacetic acid, and ethylenediaminetetriacetic acid. 

Many of the chemical separation processes are based on extraction of the 
desired species from an aqueous solution by an organic solvent. Because of 
this, trace quantities of organic solvents are present in the ~aste. Organic 
solvents previously used at the Hanford Site include di(2-ethylhexyl) 
phosphoric acid, hexane, tributyl phosphate, NPH, and carbon tetrachloride . 

Sodium gluconate was introduced into the waste by the B Plant solvent 
cleanup process. Sugar (sucrose) was used by PUREX for HN03 destruction. 
Host of the sugar was decomposed by this process. 

Equipment decontamination operations at the T Plant consumed a variety of 
chemicals and commercial cleaning agents. The organic constituents that were 
used at the T Plant include the following: alcohols, organic acids, 
aliphatics, chlorinated aliphatics, aromatics, chlorinated aromatics, amines, 
ketones, esters, and acetates. However, the quantity of organic material 
disposed of to the tanks is small relative to the total quantity of aqueous 
waste generated by T Plant. 

4. 10 UNDERGROUND STORAGE TANK WASTE RADIOLOGICAL CHARACTERISTICS 

As stated in previous sections, the principal radionuclides in the tank 
w~ste incwde uranium and plutonium isotopes, other TRUs, fission products 
13 Cs and Sr, and decay daughters. Radioactive decay within the waste causes 
elevated waste temperatures, sometimes exceeding 82 °C (180 °F). Water 
additions are required -for two tanks to keep waste temperatures below the tank 
design criteria. This decay also produces radiation fields within the tanks 
exceeding 1,000 rad/h in some tanks. Specific activities of the different f~) 
wastes vary from 0.13 to 0.85 Ci/L (0.49 to 3.2 Ci/gal) for supernatant, salt \.;;&W 
cake, and slurry, to over 2.5 Ci/L (9.5 Ci/gal) for sludge .. Estimates of the 
radionuclide content in the SSTs and the DSTs are presented in Tables 4-12 
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Table 4-11. Estimated Hanford Tank Chemical 
Mass Totals. 

Mass 
Component 

(kg) . (lb) 
Percent 

co ·2 
3 2,004,000 4,418,000 0.6 

c1 · 85,280 188,000 0.0 
F- 31,300 69 ,000 0.0 
ow 8,732,000 19,250,000 2. 5 
NO -

3 112,390,000 247,700,000 32 .1 
NO -

2 17,030,000 37,560,000 4.9 
P04.3 11,050,000 24,390,000 3.2 
so ·2 

4 1,753,000 3,864,000 0.5 
Al 7,257 ,000 16,000,000 2 .1 
Cr 551 ,200 1,223,000 0. 2 
Fe 833,400 1,845,000 0.2 
Ni 199,600 440, 000- 0 . 1 
K 26,760 59,000 0.0 
Na 74,610,000 164,500,000 21.3 
Others 15,110,000 33,310,000 4.3 
Organics 327,000 721,000 0. 1 

H20 98,510 ,000 217,200,000 28.1 
Totals 350,500 ,540 772,737 ,000 100.2 

and 4-13, respect.fully. This information was derived from the TRAC model 
assuming a decay time to 1990. Radiological totals for individual SSTs are 
listed in Table A-3. 

4.11 FACILITIES FOR PROCESSING RETRIEVED TANK WASTE 

The Hanford Site UST radioactive waste will be transferred from the tanks 
to a pretreatment plant. The waste will be separated into a high-level 
radioactive stream and a low-level radioactive stream. The purpose of the 
pretreatment is to reduce the volume of HLW, achieving cost savings for final · 
disposal . The LLW from the SSTs and DSTs will be mixed with a cement-l ike 
material to form "grout," as part of the Grout Treatment Facility . The grout 
wi ll be poured into underground vaults and allowed to harden. At leas t 
44 vaults will be filled for the disposal of single- and double-shell tank 
waste. Each will hold 5,300 m3 (1.4 Mgal) of grout. A test vault was 
completed in 1988. Fourteen vaults are scheduled to be filled by 1996 . The 
remaining vaults will be filled as waste becomes available . 
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Table 4-12. Estimated Hanford Single-Shell Tank 
Radionuclide Content. 

Activity Mass 
Radionuclide 

(Ci) (kg) (lb) 
z39Pu 21,420 346 . 00 761.00 
238pu 1,151 0.05 0.10 
23au _474 1,408,000.00 3,104,000.00 
235U 20 9,260.00 20,423.00 
131Ba 27,710,000 0.00 0. 00 
137cs 29,290,000 338.00 746.00 
90Sr 55,270,000 401. 00 883.00 
90y 55,280,000 0 .10 0.22 

Others 1,153,000 9.10 20.00 

Totals 168,726,065 1,418,354.25 3,126,833 .32 

· Table 4-13. Estimated Hanford Double-Shell Tank 
Radionuclide Content . 

Activity Mass 
Radionuclide 

(Ci) (kg) ( 1 b) 
23au 3.0 8,890.00 19,600 .00 
235U 0. 2 92 . 50 204 . 00 
z39Pu 80.0 1.29 2.84 
137cs 20,000,000.0 231.00 509.00 
90sr 20,000,000.0 145 .00 319 .00 

Others 400,000 .0 324.00 715.00 

Total 40,400,083.2 9,683 . 79 21,349 .84 

It is expected that high-level radioactive waste will be mixed with 
borosilicate glass and poured into stainless-steel canisters at the Hanford 
Waste Vitrification Plant. Construction of the plant started in April 1992 . 
The canisters will be stored onsite until they can be shipped to a national 
repository and buried deep underground . An outline of present and future 
waste treatment operations is shown in Figure 4-17. 
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Figure 4-17 . Treatment Operations for Hanford High-Level Waste . 
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Sixty-six of the SSTs have or are assumed to have leaked waste to the 
surrounding soil . None of the OSTs have leaked. There are no confirmed 
causes for any of the leaking tanks, but it is assumed to be a comb ination of 
mechanisms . Assumptions include stress corrosion cracking and mechanical 
tearing of the liner, especially at the knuckle region of the steel liner. 
Shifting of a tank liner was observed in 1956 and again in 1958 . Table 4-14 
outlines each of the assumed leaking tanks (Hanlon 1992). The leak estimates 
are based on waste level decreases within the tank or estimates based on other 
tanks with a similar age and waste. Some of the tanks have been declared 
leakers only because of the detection of radioactive material in the 
monitoring dry wells nearest the tank. 

4.12.1 Leak Detection 

Equipment provided for the prompt detection and confirmation of leaks in 
the USTs consists primarily of monitoring wells around the tanks . Newer tanks 
also have different types of access channels beside and underneath the tanks 
through which instruments may travel to monitor radiation level and temperature . 

4.12.1.1 Monitoring Wells. The detection and measurement of radiation gives 
direct information relating to tank integrity, and in the event of tank 
failure, is used to locate the region (or regions) of failure . Monitoring 
wells located in the older tank farms are specifically designed for this purpose . 
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Table 4-14. Single-Shell Tank Failure Information (Hanlon 1992). 
(sheet 1 of 2) 

Tank Assuned leaker 
Vol1.111e 

Assl.llled Ci 
Cm5> (gal) 

A-103 1987 20.8 5,500 --
A-104 1975 9.5 2,500 --
A-105 1963 37.9 to 10,000 to 85,000 to 

1,049 227,000 760,000 

AX-102 198S 11.4 3,000 --
AX- 104 1977 -- -- --
8-101 1974 -- -- --
8-103 1978 -- -- --
1· 105 1978 -- -- --
8- 107 1980 30.3 8,000 --
8-110 1981 37.9 10,000 --
8-111 1978 -- -- --
B-112 1978 7.6 2,000 --
8·201 1980 4.5 1,200 --
8·203 1983 1. 1 300 --
B-204 1984 1.5 400 --

BX-101 19n -- -- --
BX-102 1971 265.2 70,000 50 , 000 

BX-108 1974 9.5 2,500 500 

BX-110 1976 -- -- --
BX-111 1984 -- -- --
8Y · 103 1973 <18.9 <5,000 --
8Y·105 1984 -- -- --
8Y·106 1984 -- -- --
BY-107 1984 57.2 15,100 --
8Y·108 19n <18.9 <5,000 --
C-101 1980 75 .8 20,000 --
c-110 1984 7.6 2,000 --
c-111 1968 20.8 5,500 --
C-201 1988 2. 1 550 --
c-202 1988 1.7 450 --
C-203 1984 1.5 400 --
C-204 1988 1.3 350 --
s-104 1968 ·90_9 24,000 --

SX- 104 1988 22.7 6,000 --
SX-107 1964 <18.9 <5 , 000 --
SX-108 1962 9.1 to 2,400 to 140,000 

132 .5 35,000 

SX-109 1965 37.9 <10,000 <40,000 
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Table 4-14. Single-Shell Tank Failure Information (Hanlon 1992) . 
(sheet 2 of 2) 

Tank Assuned leaker 
Volune 

Assuned Ci 
(mj) (gal) 

sx - 110 1976 20 .8 5, 500 .. 
sx-111 1974 7. 6 2,000 2, 000 

sx-112 1969 113.6 30,000 40,000 

SX·113 1962 56.8 15,000 8, 000 

SX·114 19n -- . . .. 
SX·115 1965 189.4 50,000 40 , 000 

T-103 1974 <3.8 <1,000 .. 

T-106 1973 435.6 115,000 40 , 000 

T- 107 1984 -- . . .. 
T· 108 1974 <3.8 <1,000 .. 
T· 109 1974 <3.8 <1 , 000 .. 

T-111 1984 <3.8 <1,000 .. 

TX - 105 1977 . . .. . . 

TX·107 1984 9. 5 2, 500 .. 

TX·110 1977 .. . . . . 

TX-113 1974 .. . . . . 

TX-114 1974 . . .. . . 

TX - 115 1977 .. . . . . 

TX-116 1977 . . .. . . 

TX· 117 1977 . . .. . . 
TY -101 1973 <3.8 <1 , 000 .. 
TY-103 1973 11.4 3,000 700 

TY · 104 1981 5.3 1,400 .. 
TY-105 1960 132.6 35,000 4,000 

TY-106 1959 75.8 20,000 2,000 

u- 101 1959 113.6 30,000 20,000 

U·104 1961 208 . 3 55,000 90 

u-110 1975 30.7 8,100 .. 
u-112 1980 32.2 8,500 .. 
Total* .. 3,419.2 902,750 1,147, 290 

*Totals use maxinun leak values for each tank. 

Tank monitoring wells consist of two general types : 

• Open and dry wells sunk in groups in and around the tank farm 

• Wells extending into the water table below a tank farm site . 
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Each SST is ringed with a series of dry wells that are 15.2 cm (6 in) in q;;;f\ 
diameter, bottom open ended, and sunk approximately 22.9 m (75 ft) below •'< / ) 
grade. The opening of the casing is approximately 7.0 m (23 ft) below the 
elevation of the base slab of the tanks. Each dry well is located 
approximately 3.0 m (10 ft) from a tank. The dry wells can accommodate 
portable gamma and neutron detection devices. 

Some wells are customarily sunk 
table underlying the tank farm site. 
detect radionuclides released to the 
water table. 

to levels below the surface of the water 
Routine monitoring of these wells should 

soil in sufficient quantity to reach the 

4.12.1.2 Buried Horizontal Laterals. The buried horizontal lateral system 
for radiation detection and temperature measurement in the A and SX Tank Farms 
consists of 3.6 m (12 ft) diameter caissons sunk approximately 21.2 m (70 ft) 
below grade. From each caisson three laterals are bored horizontally under 
each tank bottom approximately 3.0 m (10 ft) below the base pad elevation. 

The insertion of temperature and radiation probes into each lateral for a 
given tank provides profiles which are used in the evaluation of tank 
integrity and for the determination of changing conditions in the tank 
contents. 

4.12.2 Leak Collection 

The AX SST farm provides a system of drain channels in the concrete base 
slab immediately below the carbon steel tank liner. The channels drain to a 
61.0-cm- (24-in.-) diameter, 18.2-m- (60-ft-) deep well from which leakage can 
be pumped. A radiation detection well is located adjacent to this sump type 
system to detect any leakage to soil. 

The AY, AZ, and SY DST farms also have drain channels in the insulating 
material installed between the steel and concrete before the thermal stress­
relieving operation on the inner tank liner. These channels could carry 
leakage to the annular space between the inner and outer liners. Detection 
during operation is provided by conductivity probes in the annulus and by 
radiation alarms in the exhaust system. 
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5.0 FERNALD ENVIRONMENTAL MANAGEMENT PROJECT, OHIO 

This section provides a detailed description of the LLW silos at the FEMP 
in Fernald, Ohio. A general site description of the facilities, environmental 
conditions, fuel processing activities, and waste storage methods is provided . 
The information is based on referenced documents and interviews with Fernald 
Site personnel. 

5.1 FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 
INTRODUCTION AND HISTORY 

The FEMP is a uranium metal production facility located in southwestern 
Ohio, approximately 18 mi {29 km) northwest of Cincinnati and 8 mi (12.9 km) 
southwest of Hamilton. It was formally known as the Feed Materials Processing 
Center prior to 1992. Figure 5-1 shows the FEMP location. 

Figure 5-1. FEMP Site Location. 
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The following information was derived from the Initial Screening of 
Alternatives for Operable Unit 5 (DOE-OR 1990a). The U.S. Atomic Energy {~f' 
Commission (AEC) established the FEMP for processing uranium and its compounds 
from natural uranium ore concentrates for U.S. Government needs. Th i s 
production complex began operations in the early 1950's . In 1951, NLO, Inc . 
(formerly National Lead Company of Ohio), entered into a contract with the AEC 
as the Operations and Maintenance contractor. This contractual relationship 
lasted with the AEC, and eventually the DOE, until January 1, 1986 . 
Westinghouse Materials Company of Ohio, a wholly-owned subsidiary of 
Westinghouse Electric Company, then assumed management responsibilities of the 
site operations and facilities for a minimum 5-yr period. 

A pilot plant was completed in 1951 as the first operational facil i ty at 
the FEMP. Following completion of the pilot plant, the Metals Production 
Plant began operations in 1952. The Metals Fabrication Plant, the Green Salt 
Plant, the Recovery Plant, the Sampling Plant, and the Ore Refinery began 
operations in 1953. The Hex Plant and the Special Products Plant were 
operational in 1954. 

All plants except the Sampling Plant and Ore Refinery were expanded 
during the period 1954 to 1956. Production peaked in 1960 at approximately 
10,000 metric tons (11,000 tons) of uranium per year. In 1975, a product 
decline that began in 1964 hit an all time low of about 1,250 metric tons 
(1,380 tons) of uranium. During the 1970's, consideration was given to 
closing the FEMP; therefore, capital improvements and staffing were minimized . 
The staffing level, which peaked at 2,891 in 1956, slowly declined from 662 in 
1972 to 538 in 1979. ~;~~~~) 

In 1981, the FEMP began planning to accommodate increased product i on 
requirements. Production levels significantly increased and there was a rap id 
staff buildup in many areas. Implementation of a major facilities restoration 
program followed. 

During the summer of 1989, production of uranium metal was suspended in 
order to focus the plant resources on cleanup. The FEMP currently remains i n 
inactive status except for continuing environmental studies and related 
activities (DOE-OR 1990c). 

5.2 FERNALD ENVIRONMENTAL MANAGEMENT 
PROJECT DESCRIPTION 

The FEMP is situated on a 4.25 km2 (1.64 mi 2) site. The plant fac i lity 
occupies about 0.55 km2 (0.21 mi 2) in the center of the site. The site is 
bounded on the south by Willey Road, on the west by Paddy's Run Road, on the 
north by farmland and State Route 126, and on the east by a dairy farm 
(Figure 5-2). Railroad lines enter the site at the northwest corner. In 
addition to uranium production facilities, the site also contains waste 
storage facilities consisting of waste pits, storage silos, a burn pit, a 
clearwell, two fly ash piles, a sanitary landfill, and lime sludge ponds . The 
waste storage area containing the waste storage silos is shown in Figure 5- 3 . 
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5.3 AMBIENT WEATHER AND CLIMATE CONDITIONS 

The following information was taken from the Feed Materials Production 
Center Installation Assessment (Ferguson et al. 1986). 

5.3.l Climate 

The climate of southwestern Ohio is continental, characterized by a wide 
range of temperatures from winter to summer. During the winter and spring, 
frequent changes in the weather occur in southwestern Ohio as cyclonic storms 
pass over the area. In the summer, rainfall is produced by the thunderstorms 
originating in the warm moist air that moves northward from the Gulf of Mexico 
along the Mississippi and Ohio valleys. The fall season is the period of 
minimum rainfall. There is an average of 185 days during the year when 80% of 
the sky is covered by clouds; the period of maximum cloudiness begins in 
November and continues through April. These are also the months when most 
precipitation is in the form of snow. 

5.3.2 Precipitation 

The average annual precipitation measured at the FEMP in the 17-yr period 
between 1960 and 1976 was 94.2 cm (37.05 in.). The annual precipitation has 
ranged from a low of 74.22 cm (29.22 in.) in 1963 to a high of 121.2 cm 
(47.72 in . ) in 1973. Monthly totals ranged from a low of 0.10 cm (0.04 in . ) 
in March 1962 to . a high of 28 . 5 cm (11 . 15 in.) during March 1964 . The maximum 
24-h rainfall as measured at the Greater Cincinnati Airport was 13.2 cm 
(5 . 21 in.). There is an .average of 44 days with thundershowers each year in 
southwestern Ohio, with 30 of these thundershower days occurring between May 
and August. 

Heavy fog occurs an average of 20 days/yr. These days are evenly 
distributed throughout the year; the high is from September through November 
and the low is from April through June. 

Annual snowfall at Hamilton, which is approximately 16.1 km (10 mi) from 
the FEMP, averaged 38.9 cm (15.3 in.) over a 29-yr period. The Greater 
Cincinnati Airport averaged about 61 cm (24 in.) over a 29-yr period. 

5.3.3 Winds 

Prevailing winds at the Greater Cincinnati Airport are from the south­
southwest for all 12 months of the year. Average monthly wind speeds range 
from 10.8 km/h (6.7 mi/h) in August to 18 km/h (11.2 mi/h) in March . Wind 
records at the FEMP indicate that gusts greater than 96.5 km/h (60 mi/h) have 
occurred on two occasions. 

Ohio lies on the eastern edge of a region of maximum tornado frequency . 
About 90% of the tornados observed in Ohio come from the west- southwest 
direction. Only one tornado, which occurred May 10, 1969, is known to have 
been encountered at the FEMP. There was no damage to the FEMP property . 
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5.3.4 Temperatures 

Average daily temperatures range from 21 °C (70 °F) in the summer to O °C 
(32 °F) in the winter months. The frost-free period is approximately 190 days 
and extends from the middle of April to late October. There is a 70% chance 
that temperatures less than -17.7 °C (0 °F) will occur at the FEMP in any 
year. Over a 30-yr period at the Greater Cincinnati Airport, the highest 
temperature recorded was 38.9 °C (102 'F) in August 1962. The record low was 
-3.9 °C (-25 °F) on January 18, 1977. 

5.4 GEOLOGICAL AND HYDROLOGICAL CONDITIONS 

The following discussion was taken from the Feed Materials Production 
Center Annual Environmental Report for Calendar Year 1989 (DOE-OR 1990e). 

At the FEMP, nearly 15 m (49 ft) of clay-rich till, generally described 
as silty clay loam, overlie sand and gravel. Till is a mixture of 
unstratified clay, sand, and gravel that was deposited by glaciers during the 
ice age. North of the site, near Route 126, the till deposits directly 
overlie the bedrock. South of the site, Paddy's Run has eroded some of the 
till, exposing the sand and gravel aquifer underneath. 

The sand and gravel deposits are about 5.4 km (3 mi) wide and 46 m 
(151 ft) deep, and fill the remains of an ancient river valley that was cut 
into the bedrock. The Great Miami River presently flows through these 
deposits. Sand and gravel deposits often hold water, and in fact the area 
under the FEMP and vicinity is part of a large aquifer system in southwestern 
Ohio (Figure 5-4). This aquifer is a major source of fresh water for . 
industries and residences. More than 60 m (200 ft) below the surface of the 
FEMP lies bedrock consisting of alternating layers of limestone and shale 
(Figure 5-5). 

Groundwater does not flow in the till as easily as it flows in the sand 
and gravel aquifer. Movement rates in the till near the waste pit area in the 
northwest corner of the site are about 4.3 to 6.7 m/yr (14 to 22 ft/yr). This 
can be compared to movement rates of 27 to 61 m/yr (90 to 200 ft/yr) in the 
sand and gravel aquifer. In addition, flow directions are not as uniform in 
the till as in the sand and gravel aquifer because of the topography. Hills, 
gullies, woods, and other features, including the composition of the till 
itself, affect the water flow in the till. 

As shown in Figure 5-4, the groundwater in the sand and gravel aquifer is 
moving east under the waste pit and production area, while on the southern 
edge of the facility the groundwater moves to the south. These groundwater 
flow data are used to track and forecast the movement of contaminants which 
may be found in the aquifer. 

5.5 PROCESS HISTORY 
'""-''"' The following discussion of the refining process and handling of the f~~~ 

K-65 residues was taken from the Remedial Investigation Report for Operable 
Unit 4 (DOE-OR 1990c). 
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Figure 5-5 . FEMP Site Geological Cross Section 
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The silos were constructed to provide storage for the residues resulting 
from processing pitchblende ore and concentrates to extract their uranium 
content . The term K-65 refers specifically to various radium-bearing 
raffinate wastes generated during the extraction step of the processing of 
pitchblende and other radium-bearing ores. 

A schematic flow diagram of the refinery process is presented in 
Figure 5-6. The FEMP used the TSP-kerosene extraction system. 

Feed material to the Ore Refinery consisted of either naturally occurring 
ore, such as pitchblende, or a concentrate made by a preliminary milling 
process . The feed material specifications and typical compositions are 
presented in Table 5-1 (Harrington and Ruehle 1959).· The process was also 
designed to handle scrap metals generated onsite or received from other 
sources (DOE-OR 1990c). 

Table 5-1. ·Analysis of Typical Uranium Concentrates. 
African concentrates Australian Constituent 

Belgian Congo· South Africa concentrates 

U30a (%) 48 - 73 75 - 85 55 - 70 
H20 (%) 0. 1 - 0 .5 -- 0.2 - 0. 5 
As (%) <0.02 <0 . 10 0.02 - 0. 2 
B (ppm) 80 - 600 . 20 4 - 40 
Cu(%) 0.4 - 2 0.4 Q.01 - 1 

Halides (%) 0.02 - 0.03 0.03 0. 05 - 0. 15 
Fe(%) 0.4 - 4 >0.4 >4 

Mo03 (%) 0. 2 - 0.6 0.01 0. 01 - 0. 08 

PzOs (%) 0.25 - 0.7 0.06 0 . 1 - 1 
Na(%) 0.07 - 2 0.04 - 0.2 -2 

so4 •2 (%) 1 - 37 1 - 5 0.5 - 2.5 
VzOs (%) 0.002 - 0.004 <0.002 <0 .002 

Source: Harrington and Ruehle 1959. 

When the plant was designed, a substantial amount of radium-bearing 
pitchblende was anticipated as feed material. Hence, equipment for handling 
both hot and cold feeds was provided . The radium-bearing feeds did not 
require different chemical treatment , but the radioactivity hazard requ i red 
that equipment for handling these materials be shielded . Because the purchase 
contracts specif)ed that the vendor retain title to the radium-bearing 
raffinate, special equipment was required to handle and store the hot 
raffinate separately (Harrington and Ruehle 1959). As shown in Figure 5-7, 
cold raffinate from the primary extraction columns, after being washed with 

• kerosene to remove residual solvent, was sent to a forced circulation 
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Figure 5-7. FEMP Cold Raffinate Processing System. 
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evaporator where the volume was reduced approximately 10 to 1. The vapor 
stream, containing approximately 23 wt% HN03 , was sent to the HN03 recovery 
system. The thickened slurry from the evaporator was then fed to a pair of 
twin-shell, steam-heated drum dryers. Most of the water and all of the free 
HN03 were removed, giving a product containing about 10% moisture. This 
material was fed to a gas-fired rotary kiln where the nitrates were completely 
decomposed, yielding a solid product containing oxides of the metal impurities 
originally present in the ore concentrate. The gases were sent to the HN03 
absorber for recovery and concentration. The dried metal oxides were then 
air-conveyed to Metal Oxide Silo 3. 

Hot raffinate was handled in a slightly different manner, as shown in 
Figure 5-8. After being washed with kerosene to remove residual solvent, the 
hot raffinate stream was filtered on a precoat rotary vacuum filter to remove 
the suspended solids. Most of the radioactivity was caused by radium and its 
daughter products, which form insoluble silicates and sulfates. Thus, the 
bulk of th_e radioactivi.ty was removed in the filter cake. The cake was 
reslurried, neutralized with lime, and pumped to the K-65 storage silos where 
it settled. After settling, the supernatant water was decanted and returned 
to the reslurry operation. The filtrate from the rotary filter was 
concentrated in a forced-circulation evaporator similar to that used in the 
processing of cold raffinates. Volume was reduced to 10 to 1. Vapors were 
sent to the HN03 recovery system. 

Thickened slurry from the evaporator then went to a spray calciner for 
complete denigration and drying. The calciner feed was atomized by steam in a 
two-fluid nozzle, and heat was introduced by circulating product gases through .,-,, 
a set of gas-fired, fin-tube heaters. The dried meta 1 oxide product was ~D~/i 
removed from the gases by a set of cyclones discharging into a storage hopper. 

The· gases were sent to the HN03 recovery system. Solids from the storage 
hopper passed through a cooling screw conveyor and dropped into a surge 
hopper. Periodically, the collected solids were transferred by air pressure 
to Metal Oxide Silo 3. 

The primary function of the K-65 area was to process and store 
radioactive solids that had been recovered from the HN03 digestion of 
pitchblende. This solid material, K-65, consists primarily of siliceous 
matter but may also contain metallic compounds such as molybdenum, vanadium, 
lead, and others. The K-65 area was _equipped to handle raw materials from 
either the Ore Refinery at FEMP or from outside sources. 

The K-65 material was received in this area either as wet solids or as a 
slurry. The wet solids comprised material that had been produced at another 
activity and had been temporarily stored in 208-L (55-gal) drums. The slurry 
was produced in the FEMP Ore Refinery and was regularly transferred to the 
K-65 area. As a result of the work performed in the area, the K-65 material 
was permanently stored as wet solids in two concrete storage tanks (silos). 
All material to be stored was pumped into the silos as a slurry. The K-65 
settled out and formed a bed of wet solids while the slurring liquor was 
periodically decanted from the silos. This liquor was physically processed 
and was retained in storage for further use as a slurring agent. 
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Figure 5-8 . FEMP Hot Raffinate Processing System. 
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The storage and handling processes are discussed below under three 
categories: 

• The methods by which the incoming wet solids are removed from the 
drums, slurried, and transferred to the K-65 Silos 

• The processing involved in handling the slurry received from the 
Ore Refinery 

• The recovery and processing of the slurring liquor. 

A schematic process flow diagram of the area is presented in Figure 5-9. 
As shown on this diagram, the area consists essentially of two concrete 
storage tanks (K-65 silos), general solids and slurry handling equipment that 
were housed in a processing building, and a piping system for the transfer of 
slurry to the storage tanks from .the processing building and from the 
Ore Refinery. The processing building and all its associated equipment were 
completely dismantled and ~re no longer present at the site. 

5.5.1 Wet Solids Processing 

The wet solids were delivered to the area in 208-L (SS~gal) drums, each 
containing approximately 227 kg (500 lb) of material. When produced, the 
material had a bulk density of approximately 1,442 kg/m3 (90 lb/ft3 ) and 
contained approximately 40 wt% moist.ure. Chemically, the material should have .. ·: .. :_:~---.~.:_,1:: ... been alkaline or neutral. __ -~., 

One drum of the material was handled at a time. Each drum was placed on 
a slat conveyor by a shielded drum handling truck. The conveyor moved it 
inside the building where it was placed on a skip hoist and raised to a point 
above the slurry tank. Here it was inverted and the contents of the drum were 
dumped into the tank by vibration and also by a high-velocity water jet. The 
water jet also served to wash the drum, which was eventually returned to the 
conveyor and removed from the building. Approximately 284 L (75 gal) of 
slurring liquor, which was fresh water during initial operations, was consumed 
in removing the solids from one drum. The resulting slurry, which had a 
consistency of approximately 1.8 kg (4 lb) of wet solids per 3.8 L (1 gal) of 
slurry, was continuously agitated in the slurry tank. When approximately 
7,570 L (2,000 gal) of slurry had been produced, the contents of the slurry 
tank were pumped to storage in Silo 1 (Tank F34-6). This slurry pumping had a 
consistency of approximately 1.8 kg (4 lb) of wet solids per 3.8 L (1 gal) of 
slurry; it was alkaline and may have contained traces of free caustic. The 
slurry liquor consisted of an aqueous solution of metallic nitrates. 

The frequency and quantity of slurry to be transferred to the K-65 area 
varied with the quantity of pitchblende fed to the Ore Refinery. The average 
daily load was approximately 15,140 L (4,000 gal) of slurry but may have gone 
as high as 37,859 L (10,000 gal). The pumping rate was approximately 6.9 L/s 
(110 gal/min) in the 7.6 cm (3 in.) schedule 80 transfer line. This flow rate 
was considered a safe minimum for maintaining turbulent flow and preventing ~ 
the settling of solids in the transfer line. Slurry pumping was carried out r:}1 
once daily. Slurry pumping was followed by a clear liquor wash amounting to 
4,542 to 5,678 L (1,200 to 1,500 gal) of the recovered nitrate solution. 
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The processing of this slurry and wash solution as received in the 
K-65 area was relatively simple. The material was received in the either 
silo 1 or 2 together with a certain amount of wash liquor. The wash liquor 
remaining in the pipe line was drained to the decant sump tank (F34-4) . 

5.5.2 Slurry Liquor Recovery 

The slurries that were pumped into the storage silos eventually settled 
into two layers. The slurry liquor, either water or a metal nitrate solution, 
formed the top layer over a bed of wet K-65 solids. Periodically, this layer 
of clear liquid was decanted from the silos and allowed to flow by gravity to 
the decant sump tank (F34-4) . 

This liquid was periodically removed from the sump tank, passed through a 
pressure filter, and temporarily stored in the filtrate storage tank (F34-2) . 
From here, the material was either used for slurry preparation in the 
K-65 area or was returned to the hot raffinate area of the Ore Refinery where 
it was used as a neutralizing liquid. The purpose of the filtration step was 
to remove any sediment that could have been carried from the storage silos 
during decantation. All solid material delivered to the K-65 area had to be 
retained for accountability purposes. 

The decantation operation proceeded automatically as the liquid level 
built up in the storage silos. The silos contain a series of draw-off ports 
where the decantation took place. These ports are arranged in two vertical 
lines that are located on diametrically opposite sides of th~ silos . There ~;~ 
are 2~ ports on each line, making a total of ,50 per silo . 

The bottom port on each silo is 0.3 m (1 ft) from the silo bottom. 
Initial decantation began when the liquid level reached the 0.3 m (1 ft) 
elevation. The remaining 49 ports are located at 0.15-m (6-in.) intervals . 

The great majority of the pitchblende ore processed at the FEMP came from 
one mine, the Shinkolobwe mine, in the Belgium Congo. This mine began 
operation in 1921 for the purpose of obtaining radium. With the increased 
importance of uranium during the 1940's, the mine was re-opened in 1943 for 
its uranium content. As the radium was still of considerable value at that 
time, an arrangement was reached between the AEC and African Metals 
Corporation based on the ore being processed for removal of uranium, with the 
provision that the residue from this processing would be returned to i ts 
owner, African Metals Corporation . 

The residues stored in the K-65 silos were initially generated at the 
Mallinckrodt Chemical Works (MCW) in St. Louis, Missouri. The process that 
was used for extraction of uranium at MCW was the dual-cycle ether process . 
This process was different from the TBP-kerosene extraction system used at the 
FEMP . 

Initially, the residues from the MCW operation were sent back to African 
Metals Corporation. However, beginning in April 1949, the residues were 
stored for future shipment rather than returned to African Metals Corporation 
following processing. Continued ·production created a storage problem. As a 
result, shipments of the drummed K-~5 residues were sent to the Lake Ontario 
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Ordnance Works near Niagara Falls, New York. Also, the two K-65 Silos were 
planned as a part of the uranium processing plant scheduled to be constructed 
at Fernald, Ohio. Some of the drums sent to the Lake Ontario Ordnance Works 
were emptied into a converted concrete water tower at that site. A smaller 
number (approximately 6,000 drums) were shipped to Fernald by rail . In 
addition, the continuing product i on at MCW resulted in approximately 
25,000 drums being sent directly from St. Louis to the FEMP. These sh i pmen ts 
began in 1951 . 

At the FEMP, the drums were sent to a drum handling building that had 
been specifically built near the silos to transfer the contents of the drums 
of offsite origin into the silos. The material was slurried into the silo, 
where the solids would settle. The free liquid was decanted, and the 
clarified liquid was sent to the Ore Refinery sump. As the depth of solids 
reached the level of a given valve, the valve was sealed and the next higher 
valve was used to decant liquids. Settling and decanting continued in this 
way until the silos were filled to approximately 1.3 m (4 ft} below the top of 
the vertical wall. This process left a sludge with an estimated density of 
1,600 kg/m3 (100 lb/ft3

}. The decanted liquid was recycled . The volume of 
material from the Lake Ontario Ordnance Works and from St . Louis filled 
Silo 1. 

The processing of the pitchblende ore through the FEMP Refinery ran 
concurrently with the latter stages of processing the offsite drums through . 
the drum-handling building. Therefore, Silo 1 was filled only with offsite 
K-65 material, and Silo 2 was filled with a mixture of offsite K-65 mater i al 
and FEMP-generated K-65 material. The residue slurry from the Ore Refinery 
was conveyed to Silo 2 through the underground transfer line, which lay i n a 
concrete trench, and was allowed to settle in the same manner as the offsite 
residue. During 1957 and 1958, the residue from processing Australian 
pitchblende was added to Silo 2. The total amount of Australian pitchblende 
residue was 172,570 kg {380,451 lb} in contrast to 8,620,376 kg 
(19,004,675 lb} of Congo origin. The remainder of the material subsequently 
added to Silo 2 was residue generated by the FEMP from the remaining Belgian 
Congo ores . 

After the final decanting of Silo 2, some drummed material was added. 
Most of this material was soil that was contaminated with K-65 material 
leaking from drums. This contamination occurred because the drum storage area 
was adjacent to the drum-handling building. Other materials reportedly added 
to the silo contents were drum cleanout residues, cleanup materials from Q-11 
(unprocessed uranium ore} storage and process areas, residues from · 
decontamination of lab equipment, and Q-11 and K-65 samples. 

5.6 UNDERGROUND STORAGE TANK PHYSICAL CHARACTERISTICS 

This section provides general information regarding the four waste 
storage silos. Table B-8 also descr i bes the silos in total. 
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5.6.1 General Tank Arrangement 

The four waste storage silos are located south of the waste pit area, as 
shown in Figure 5-3. Silos 1 and 2 (K-65 silos) were constructed in 1951 and 
1952 (DOE-OR 1990d). Silos 3 (metal oxide silo) and 4 (unused silo) were 
constructed in 1952 (DOE-FN 1992). Silo 4 was never used and, except for 
rainwater infiltration, remains empty today. 

All four domed material storage silos are 24.4 m (80 ft) in diameter, 
11 m (36 ft) high to the center of the silo dome, and 8.2 m (27 ft) high to 
the top of the vertical walls. The walls are 20.3-cm- (8-in.-) thick pre- and 
post-stressed concrete. The outer parts of the domes are also 20.3 cm (8 in . ) 
thick and taper to 10.2 cm (4 in.) i~ thickness at the center. 

The K-65 domes are foam-coated to protect them from weather, moderate 
thermal cycles, and to reduce radon flux. Each silo has five 50.8-cm­
(20-in.-) diameter manholes, with four on a 7.6-m (25-ft) radius and the fifth 
slightly off center in the middle (Ferguson et al. 1986). The floor consists 
of 10.2-cm- (4-in.-) thick concrete over an· underdrain system. The underdrain 
system consists of a 5.1-cm (2-in.-) slotted pipe in a 20.3-cm (8-in . ) gravel 
layer underlain by concrete and compacted clay. The drain empties into a sump 
tank. The entire K-65 silo exteriors have been coated with 1.9 cm (0.75 in . ) 
of gunite and are surrounded by an earthen berm to a height of approximately 
7.9 m (26 ft). The berm provides support and shielding. Berms have not been 
placed around either Silo 3 or 4 (DOE-OR 1990b). 

Silos 1 and 2 have a Type A design and are illustrated in Figure 5-10. -@ij) 
Silos 3 and 4 have a Type B design and are illustrated in Figure 5-11. 
Figure 5-12 illustrates the K-65 silo leachate system discussed in 
Section 5.5. · 

Large areas of spalling occurred on the exterior surface gunite coating 
of the silos, particularly on Silo 2, leaving post-tension wires corroded and 
exposed to the weather. The exterior surfaces of the silos exhibited 
sufficient deterioration by 1963 to require repairs in 1964. All loose 
material was chipped away and the surface was patched with a l.9-cm­
(0.75-in.-) thick coat of cement mortar. After the gunite was repaired and a 
waterproofing membrane was applied, the earthen embankment was built to the 
top of the walls of Silos 1 and 2 (Figure 5-10). The embankments were 
originally constructed on a slope of 1.5:1; however, the slope was 
subsequently modified to 3:1 in 1983 to reduce soil erosion 
(Boback et al. 1987). Vents in the silos were sealed in 1979 (Camargo 1986) . 

In January 1986, the FEMP had a temporary dome cover installed to span 
across the deteriorated portion of the concrete domes of Silos 1 and 2. This 
cover is 9.1 m (30 ft) in diameter, is self-supporting, and sits on a rolled 
plate-steel skirt. The cover is composed of structural steel members that 
support 1.9-cm (0.75-in.) plywood sheeting. The plywood sheeting is covered 
with a weatherproofing membrane. A foam coating was applied to domes to 
further reduce weathering, temperature changes inside the silos, and radon gas 
emissions. The dome cover increases the stresses in the existing concrete, 
but all stresses are outside the deteriorated area and within acceptable 
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Figure 5-12. K-65 Silo Leachate Collection System. 
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limits. The dome cover was installed so that containment of the silos' 
contents will be maintained in the event of a center silo dome collapse 
(Shanks and Vogel 1988). 

5.7 UNDERGROUND STORAGE TANK WASTE PHYSICAL DESCRIPTIONS 

This section describes the wastes stored in the K-65 and metal oxide 
silos at FEMP. Information is also provided in Tables B-7 and· B-8. 

5.7.1 K-65 Sludge Description 

Silos 1 and 2 were used for the storage of radium-bearing residues which 
were by-products of uranium ore processing. They received approximately 
5,505 m3 (1.45 Mgal) of residues from 1952 to 1958. This is approximately 75% 
of the operating ~apacities for Silos 1 and 2 (DOE-OR 1990b). 

The K-65 sludge waste is stratified from top to bottom in Silos 1 and 2. 
The top layer is a hard crust with some cracks up to 15.2 cm (6 in . ) wide. 
This crust was able to withstand the force of a 13.6 kg (30 lb) flange dropped 
on it during the 1991 sampling. The flange was reported to have bounced off, 
leaving an impression in the surface, but it did not sink. The waste becomes 
softer as the moisture content increases towards the bottom of the silos. 

The raffinates in Silos 1 and 2 are mounded in the center. This was 
caused by pumping the raffinates into the silos as a slurry where the solids 
would settle. The free liquids were decanted through a series of valves and 
piping placed at various levels along the height of the sil~ wall. This 
procedure, pumping of slurry, followed by settling and decanting, continued 
until the waste material was approximately 1.3 m (4 ft) below the top of the 
vertical wall. The current water content averages 51% in Silo 1 and 40% in 
Silo 2. The sludge has an approximate density of 2.05 g/cm3 (17.1 lb/gal). 

A bentonite layer was installed on top of the wastes inside Silos I and 2 
during the fall of 1991. The purpose of this layer was to retard the 
emissions of radon gas. The bentonite is about 76.2 cm (30 in.) thick in 
Silo 1 and 66 cm (26 in.) thick in Silo f· Current K-65 waste volume 
including the bentonite layer is 6,790 m (1.8 Mgal). 

5.7.2 Metal Oxide Description 

Silo 3 received raffinate slurries from refinery operations after 
dewatering in an evaporator and spray-calcination to produce a dry waste. The 
dry powder was blown into Silo 3 µnder pressure. The volume of waste in 
Silo 3 is estimated at 3,970 m3 (1.05 Mgal) (DOE-FN 1992). This is 88% of the 
operating capacity of Silo 3. 

Silo 3 contains a homogenous dry talc-like powder with an average water 
content of 7% and an approximate density of 1.01 g/cm3 (8.4 lb/gal). 
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5.8 WASTE CHARACTERIZATION CAPABILITIES 

Sample preparation is performed onsite then shipped offsite for analysis . 
Two trailers were set up between Silos 3 and 4 for packaging samples during 
the last two tank sampling efforts performed during 1989 and 1991. Currently, 
the analyses of the tank samples are being conducted by IT Corporation in 
Knoxville, Tennessee {DOE-OR 1990d) . 

5.9 UNDERGROUND STORAGE TANK CHEMICAL CHARACTERISTICS 

Sampling of Silos 1, 2, and 3 was conducted in 1989. The sampling effort 
for Silo 3 was fairly successful. However, the sampling efforts in Silos 1 
and 2 were not nearly as successful and had only a 9% recovery. The waste was 
not fully characterized because of a lack of data from the lower areas. The 
results of organic and inorganic analysis of the samples are listed in 
Tables B-1, B-4, B-5, 8-6, and B-7. They indicate that the wastes found in 
all the silos contain significant concentrations of heavy metals such as lead 
and arsenic. The waste also contains concentrat i ons of aluminum, calcium, 
copper, iron, magnesium, sodium, and other metals . The total amounts of the 
most prevalent chemical constituents were calculated in Table 8-9 and are 
listed in Table 5-2. 

In 1990 and 1991, a successful sampling attempt was conducted on Silos 1 
and 2. The field work was completed in August 1991, but the analyses are not 
available for inclusion into this document. The results will be documented in 
a future Operable Unit 4 remedial investigation report . It should be noted 
that some of the results may change, and some may change drastically . 

5.10 UNDERGROUND STORAGE TANK WASTE RADIOLOGICAL CHARACTERISTICS 

As part of the 1989 sampling campaign, ra.diological characteristics were 
also examined. The results are listed in Tables B-1, 8-2, and B-3 . A number 
of samples were tested and the averages for each silo are listed in Table 5-3 . 
The waste contains different isotopes of uranium {primarily 238U) and their 
decay products such as thorium, radium, and lead. Estimated totals for these 
isotopes were calculated in Table B-10 and are listed in Table 5-4. 

5.11 FACILITIES FOR PROCESSING RETRIEVED TANK WASTE 

No onsite facilities exist at the FEMP for processing retrieved tank 
waste. However, the design of a joule-heated vitrification plant has been 
completed for treatment and final disposal of the silo waste. 
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kg 
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50 

45,400 

2,939,550 
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6,957,715 

Table 5-2 . Estimated FEMP Silo Chemical Mass Totals . 
Si lo 2 Silo 3 Total 

lb kg lb kg lb kg 

5,600 6,260 13,800 64,200 141,600 73,000 

36,600 17,600 38,700 816 1,800 35,016 

29,000 629,000 1,387,000 113,900 251,000 756,050 

690 168 370 1,300 2,870 1,778 

296,000 86,600 191,000 152,000 335,000 372,600 

451,000 62,100 137,000 19,100 42,000 286,200 

28,000 42,600 94,000 221,800 489,000 277,100 

23,900 4,580 10,100 13,700 30,300 29,120 

2,400 680 1,500 44,900 98,900 46,670 

1,070 245 540 839 1,850 1,569 

110 45 100 64 140 159 

100,000 9,070 20,000 138,800 306,000 193,270 
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lllSLJ 

235U 

234u 

210Th 

226Ra 

210Pb 

Total 

Silo 1 

ct kg 

2.20 6,396.00 

0.05 22.70 

2.29 0.37 

100.00 5.10 

490.00 0.50 

280.00 0.00 

874.54 6,424.67 

Table 5-3 . FEMP Silo Waste Radiological 
Composition (pCi/g). 

Radionuclide Silo 1 Silo 2 Silo 3 
21su 636 784 1,500 
21su 15 38 91 
214u 676 886 1,478 
210Th 29,695 28,034 51,208 
226Ra 145,383 74,411 2,973 
210Pb 83,771 167 , 145 2,617 

Table 5-4 . Estimated FEMP Silo Radionuc l ide Content. 

st lo 2 Silo 3 

lb Ci kg lb ct kg lb 

14,100.00 3.30 9, 661.00 21,300.00 5.60 16,600.0 36,600 

50.00 0.16 73.00 160.00 0.34 160.0 350 

0.11 3.70 0.60 1.30 5.50 0.9 2 

11.30 120.00 6.40 14.00 190.00 10.0 22 

1.10 310.00 0.31 0.69 10.00 0.0 0 

0.01 690.00 0.01 0.02 10.00 0.0 0 

14, 163.22 1, 127. 16 9,741.32 21,476.01 221.44 16,n1 .9 36,974 

Total 

Cf kg 
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5.12 SOIL AND GROUNDWATER CONTAMINATION 

Material in this section was taken from the Operable Unit 4 Treatability 
Study Work Plan for the Vitrification of Residues from Silos 1, 2, and 3 
(DOE-FN 1992). Radon and the elements resulting from its decay (referred to 
as daughter products or progeny) are the nuclides of concern from a health and 
environmental perspective. Radon is known to be emanating from the silos via 
cracks and joints. Radon and its daughter products are relatively mobile and 
capable of migrating through air. {Water in the bentogrout slurry is the 
primary barrier.) Jhe berms and subsoil are believed to contain elevated 
levels of 10Pb and 10Po as a result of the probable diffusion of radon into 
the berms. Also, there may have been leakage from the existing leachate 
collection system beneath the silos into the surrounding soils. Sampling of 
the berms and soil beneath the silos is underway to confirm the nature and 
extent of any soil contamination. 

Silo 3 is not believed to be a source of contamination to the surrounding 
areas and underlying soils. Nevertheless, Silo 3 must be considered a 
potential hazard because its contents are radioactive ~nd in a dry powdery 
state susceptible to airborne dispersal if exposed to wind (DOE-FN 1992). 
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6.0 IDAHO NATIONAL ENGINEERING LABORATORY, IDAHO 

This section provides a detailed description of the high- level liquid 
waste (HLLW) storage tanks at the INEL Site in Idaho Falls, Idaho. A general 
site description of the facilities, environmental conditions, fuel processing 
activities, and waste storage methods is provided. The information i s based 
on referenced documents and interviews with INEL Site personnel . 

6. 1 IDAHO NATIONAL ENGINEERING LABORATORY INTRODUCTION AND HISTORY 

The INEL, originally known as the National Reactor Testing Station, was 
established in 1949 as a site where the DOE could safely build, test, and 
operate various types of nuclear facilities. Figure 6-1 gives the general 
location of the INEL site. 

Figure 6-1. INEL Site Location . 
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The INEL Site is one of the DOE's principal centers for conducting ~ 
nuclear energy research and providing support for the U.S. Navy nuclear fleet. ff!itl 
It has the world's largest and most varied collection of reactors, including 
research testing, power, and ship propulsion reactors. As of 1984 , the number 
of INEL-built reactors had reached 52 (EG&G 1984) . 

6.2 IDAHO NATIONAL ENGINEERING LABORATORY DESCRIPTION 

The INEL Site encompasses an area of approximately 2,315 km2 (894 mi 2
) on 

the eastern Snake River Plain in southeastern Idaho. Currently the primary 
mission of the INEL is to furnish engineering services and products, 
principally for peacetime atomic-energy applications, nuclear safety research , 
defense programs, and advanced energy concepts (Orr and Cecil 1991). Although 
the INEL Site is remote, adequate road and rail access is available and can 
support large construction and operations efforts. 

The major INEL facility areas and the primary function of the facilities 
are as follows: 

• Test Area North, whjch conducts light water reactor safety tests and 
has large shops and hot cells 

• Naval Reactor Facility, which has prototype ship propulsion reactors 
and training facilities 

• Test Reactor Area, which conducts materials testing for U.S . Navy 
fuel systems 

• The ICPP, which stores and reprocesses defense and test reactor 
fuels and processes waste 

• Central Facilities Area (CFA), which provides support services 
including transportation, large shops , health services, and 
radiation monitoring 

• Power Burst Facility, which conducts light water reactor fuel 
transient behavior studies 

• Auxiliary Reactor Area, which conducts materials tests and 
development and weld qualification 

• Argonne National Laboratory-West, which conducts liquid-metal 
breeder reactor development and reactor research 

• Radioactive Waste Management Complex, which provides LLW disposal 
and stores retrievable TRU waste . 

The locations of these . facilities for the INEL Site are shown in 
Figure 6-2 . Site railroads are shown in Figure 6-3. 
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Figure 6-2. 
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INEL Site Railroad Trackage. 
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In addition to the facilities at the INEL Site, there are off ice 
buildings, a computer center, and a major laboratory in Idaho Fal l s, Idaho, 
located approximately 65 km (40 mi) from the INEL Site . A significant portion 
of INEL-related technical, analytical, and administrative support capab i l i ty 
is concentrated in Idaho Falls as well. 

The INEL is operated by five separate contractors: EG&G Idaho , Inc . ; 
Exxon Nuclear Idaho Company ; Westinghouse Idaho Nuclear Company , Inc . ; 
Westinghouse Electric Corporation ; and Argonne National Laboratories . These 
contractors conduct various programs at the INEL under the administration of 
three DOE Operations Offices: Idaho Operations Office, Pittsburgh Naval 
Reactors Office, and Chicago Operations Office. 

The INEL and its associated facilities are served by an extensive 
transportation network capable of moving thousands of persons and tons of 
freight each day. Commercial service is available from airlines, regional and 
interstate trucking firms, bus lines, and railroads. 

Approximately 262 km (164 mi) of paved roads restricted to use by 
employees are contained within the boundaries of the INEL Site. An add i tional 
144 km (90 mi) of paved highways passing through the INEL Site are used by t he 
general public. U.S. Highways 20 and 26 cross the southern portion of t he 
INEL Site, and Idaho State Highways 22, 28, and 33 cross the northern part. 
In addition to the paved roads, lNEL has a network of unpaved roads and tra i ls 
that provide access for emergency, security, and service vehicles throughout 
the INEL Site {EG&G 1984). 

Idaho Falls, Idaho receives railroad freight service from Butte, Montana , 
to the north and Pocatello, Idaho , and Salt Lake City, Utah to the south. 
From these points, interconnections are made throughout the United States. 
From Blackfoot, Idaho, the north-south railroad track carries rail freight to 
the INEL Site over the Mackay Branch line, which connects to an INEL spur 
south of the CFA. Railroad cars are picked up at the Scoville Siding along 
the spur . There are 22 km {14 mi) of Mackay Branch line traversing t he 
southern part of the INEL Site . 

A government-owned railroad track passes north from the Mackay Branch 
through the CFA, then past the east side of the ICPP to the Naval Reactor 
Facility. A spur line runs west to connect this track into and through the 
south end of the ICPP's Storage Facility. The Radioactive Waste Management 
Complex is serviced by a spur running north from the Mackay Branch, primarily 
for receiving specially-designed freight cars carrying contaminated waste from 
other parts of the nation and the INEL Site. Commercial engines and crews 
handle the movement of freight cars on this spur. 

The size limits on rail shipments restrict loads to 4.7 m (15 . 5 ft) high 
and 3.3 m {10.7 ft) wide. Accord ingly, many smaller components and pieces for 
field assembly can be shipped directly from the suppliers . A 145 ,OO0-kg 
(16O- ton) gantry crane with a span 1.8 m (6 ft) wider than a standard rail 
car, and with a 7-m (23-ft) lift, is available at the CFA. Two 68 , O0O-kg 
(75-ton) mobile cranes are also available. Components can be unloaded at the 
INEL Site railheads and trucked to appropriate sites, or a railway spur can be Q~ extended to selected sites (EG&G 1984). 
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Plant utilities such as water, steam, gases, and electrical/electronic 
services are provided .by a combination of original, upgraded, and new 
facilities on the INEL Site. Raw water is obtained from deep wells and is 
treated for the various uses required at the INEL Site. Electrical power is 
obtained from two sources: the main source is the INEL Site grid, furnished 
power by Idaho Power Company and Utah Power and Light Company; the second 
source is Experimental Breeder Reactor-II, a liquid-metal fast breeder reactor 
generating plant located on the INEL Site. A coal-fired steam generation 
plant became operational in April 1984, providing the ICPP with steam for 
processing and heating {EG&G 1984). 

6.2.1 Idaho Chemical Processing Plant 

The ICPP, currently operated by Westinghouie Idaho Nuclear Company, was 
constructed in 1951 and is located on a 0.81-km {0.31-mi 2) site in the 
southwest quadrant of the INEL Site {Figure 6-2). The primary purpose of the 
ICPP is to recover uranium and krypton from spent irradiated reactor fuels and 
to safely manage the radioactive wastes that result. A secondary purpose is 
to develop improved fuel processing and waste management methods. In 1963, a 
process of solidifying HLLW, known as calcining, was developed and is 
currently a major process for managing these wastes. 

The high-level acidic waste generated at ICPP has been stored in 
stainless steel tanks located in underground vaults. The waste is held in the 
tanks until it is transferred for calcination. The location of the HLW tank 
farm at l~PP is shown in Figure 6-4. 

6.3 AMBIENT WEATHER AND CLIMATE CONDITIONS 

The majority of information regarding climatic and weather conditions at 
the INEL Site were derived from the INEL Environmental Characterization Report 
{EG&G 1984). 

6.3.1 Climate 

The climate of the Snake River Plain is characteristic of a semiarid 
steppe. The topographic features that affect local weather patterns are the 
northeast-southwest orientation of the plain and the mountain ranges bordering 
on the north. Air masses entering the Snake River Plain must first cross 
mountain barriers where much of the moisture precipitates. Therefore, 
rainfall at the INEL Site is light. 

Weather conditions at the INEL Site include temperature inversions. 
Winds and clouds associated with stormy weather may prevent normal nighttime 
inversions. Daytime inversions may occur during the winter and may also 
extend into spring, if a snow cover is present. 
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Figure 6-4 . ICPP Area Map. 
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6.3.2 Precipitation 

The normal annual precipitation at the INEL Site is 22 cm (9.1 in). The 
maximum precipitation occurs during May and June and the minimum in July. 
During the 28-yr period of record, there have been 13 occasions when 2.5 cm 
(1 in.) or more of rain fell in a 24-h period. The greatest rainfall in a 
24-h period was 4.39 cm (1.73 in.) in June 1954. 

Snowfall at the INEL Site ranges from a low of about 28 cm (11 in.)/yr to 
a high of about 104 cm (41 in.)/yr, with an average of 66 cm (26 in.). Normal 
winter snowfall occurs from November through April, although occasional 
snowstorms occur in May, June, September, and October. 

The potential annual evaporation from saturated ground surface at the 
INEL Site is approximately 91 cm (36 in.), 80% of which occurs between May and 
October. During the warmest month (July), the potential daily evaporation 
rate is approximately 0.64 cm (0.25 in.)/day. During the coldest months 
(December through February), evaporation is low and may be insignificant. -
Actual evaporation rates are much lower than potential rates, because the 
ground is rarely saturated. Evapotranspiration by the sparse native 
vegetation of the Snake River Plain is estimated between 15 and 23 cm 
(6 to 9 in.)/yr. Periods when the greatest quantity of precipitation water is 
available for infiltration (late winter to spring) coincide with periods of 
relatively low evapotranspiratiori rates (Mundorff et al. 1964). 

The average relative humidity at the INEL Site ranges from a monthly 
minimum of 15% in August to a monthly average maximum of 89% in February and 
December. On a daily basis, humidity reaches a maximum in February and 
December. Humidity reaches a maximum at the time of the lowest temperature 
just before sunrise, and minimum near the time of the highest temperature late 
in the afternoon. 

6.3.3 Winds 

The INEL Site is in a belt of westerly winds that are channeled by the 
terrain into a prevailing southwest-to-northeast direction. During the summer 
months, a very sharp diurnal reversal in wind direction occurs, normally a few 
hours after sunrise and again shortly after sunset. Winds blowing from the 
southwest (up-slope) predominate during the daylight hours, and northeasterly 
winds prevail at night. 

The average hourly windspeed reaches a minimum of about 2.2 m/s (5 mi/h) 
in December and a maximum of 4 m/s (9 mi/h) in April and May. The greatest 
hourly average speed was 22.8 m/s (51 mi/h) from the west-southwest (measured 
at a 20-ft [6-m] level at the CFA). The highest instantaneous speed recorded 
at this level was 35 m/s (78 mi/h), with the wind from the west-southwest. 
Calm conditions prevail 10% of the time. Strong wind gusts occur in the 
immediate vicinity of thunderstorms. These gusts are usually quite localized 
and of short duration. 
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6.3.4 Temperatures 

During the 32-yr period of record, temperature extremes at the CFA have 
varied from a low of -44 •c (-47 °F) in January and December to a high of 
38 •c (101 °F) in July. During winter, the average maximum temperature i s 

. approximately -1 •c (31 °F) , and the average mi nimum is approximatel y -1 4 ·c 
(6 °F). Summer data indicate an average maximum temperature of 28 ·c (83 °F) 
and an average minimum of about 8 ·c (46 °F) . 

6.4 GEOLOGICAL AND HYDROLOGICAL CONDITIONS 

This section discusses the geological and hydrological conditions 
underlying the INEL and ICPP sites. 

6.4.1 Geological Conditions 

The INEL Site rests in the west~central part of a northeast-trending 
structural basin approximately 124 km (200 mi) long and 31 to 43 km (SO to 
70 mi) wide . The INEL Site is underlain by a layered sequence of Tertiary and 
Quaternary volcanic rocks consisting of basal t flows, ash, and cinder and 
sedimentary interbeds that are more than 3,330 m (10,000 ft) thick . The 
sedimentary interbeds are derived from fluvial, lacustrine, and eolian 
deposits and consist of clay, silt, sand, and gravel . 

Figure 6-5 shows a generalized geological cross section through the ICPP . 
Beneath the ICPP the unsaturated zone and the uppermost part of the Snake 
River Plain aquifer cons i st of about 40 basalt flows from the land surface to 
a depth of 212 m (700 ft). This basalt sequence is interbedded with 15 to 
20 sedimentary layers and is overlain by a veneer of superficial alluvial 
sediments consisting of poorly sorted gravel to gravelly sand with minor si lt 
and clay (Anderson 1990). 

6. 4. 2 Hydrological Conditions 

The primary aqu i fer underlying the INEL Site is called the Snake River 
Plain aquifer . This aquifer, the most productive in the United States, 
consists of a thick sequence of basalts and sedimentary interbeds filling a 
large, arcuate, structural basin in southeastern Idaho (Orr and Cecil 1991) . 

Recharge to the Snake River Plain aquifer is principally from 
infiltration of applied irrigation water, infiltration of streamflow, and 
alluvial groundwater inflow from adjoining mountain drainage basins. Some 
recharge may be from direct infiltration of precipitati-0n, although the small 
annual precipitation on the plain (20 cm [8 in] at the INEL Site), 
evapotranspiration, and the great depth to water (in places exceeding 300 m 
[984 ft]) probably minimize this source of recharge (Or r and Cecil 1991) . 

The primary surface water body on the INEL Site is the Big Lost River , 
which drains the Lost River Range and Pioneer Range west of the INEL Site . 
Additional surface drainages that provide recharge to the Snake River Plain 
aquifer at the INEL Site include Birch Creek and the Little Lost River 
(Figure 6-6). 
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Figure 6-5. ICPP Geological Cross Section. 
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Figure 6-6 . INEL Major Surface Drainages . 
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The Snake River aquifer covers an area of approximately 24,900 km2 

(9,600 mi 2) and is contained within basalt and sedimentary inte·rbeds below the 
INEL Site. Groundwater movement occurs principally through fractures and 
permeable interflow zones in the basalt. The generalized groundwater flow 
direction beneath the INEL Site is southwest. Groundwater discharge occurs to 
springs along the Snake River downstream from Twin Falls, Idaho, 62 km 
(100 mi) southwest of the INEL Site. The surface of the aquifer (depth to 
water) ranges from 67 m (200 ft) the northern part of the INEL Site to more 
than 300 m (900 ft) in the southeastern part. The base of the aquifer, which 
coincides with the top of a thick and widespread sequence of clay, silt, sand , 
and basalt (Anderson 1990), probably ranges from 270 to 500 m (800 to 
1,500 ft) below the land surface (Anderson 1991). This information is based 
on numerous wells that exist around the INEL Site . 

Perched water zones occur locally around the INEL Site. Two such zones 
occur less than 67 m (200 ft) below land surface in the vicinity of the ICPP 
tank farm area. These perched water zones are not continuous and appear to be 
controlled by the undulating contour of the basalt flow surfaces and interbed 
surfaces . The shallowest perched zone beneath the ICPP occurs at 
approximately 11 to 15 m (34 to 45 ft) below land surface, and the lower zone 
occurs above the 37-m (110-ft) clay and silt interbed at a depth of 35 to 39 m 
(105 to 116 ft) (Woznievicz et al. 1991). The groundwater flow direction in 
the vicinity of the ICPP tank farm is consistent with the regional southwest 
trend. 

6.5 PROCESS HISTORY (ICPP) 

The following section outlines the process history and current HLLW 
treatment operations at the ICPP. 

6.5.1 Nuclear Fuel Reprocessing 

The facilities necessary to receive, store, process, and recover 235U are 
all within the confines of the ICPP area. The main processing load for the 
ICPP is naval reactor zirconium/uranium-alloy fuel. The ICPP also processes 
significant quantities of aluminum- and stainless-steel-clad fuel (EG&G 1984). 
A secondary purpose of the ICPP is the development of improved fuel processing 
and waste management methods. 

The fuel processing begins with the receipt of irradiated reactor fuels . 
These fuels are received at the ICPP in shielded casks via truck or rail. The 
fuel is removed from shipping casks and stored underwater at the Fuel 
Receiving and Storage Building. The ICPP has two underwater fuel storage 
facilities: one containing six water pools with approximately 2,500 storage 
positions, the other consisting of three pools with 2,658 storage positions 
(EG&G 1984). If the fuel is not suitable for underwater storage 
(e.g., graphite fuel), it is stored either above or below ground in special 
forced-air or convection-cooled dry storage facilities. Currently, 
unprocessable fuels are contained in additional dry fuel storage facilities 
containing 47 underground storage vaults. 
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The processing begins with the dissolution of the fuel in acid, using one 
of several preliminary operations. In the case of aluminum-alloyed fuel, the 
fuel is dissolved in HN03 , resulting in a solution containing uranyl nitrate 
and fission product nitrates. For graphite fuel, dissolution is preceded by 
grinding and combustion in a fluidized bed. Small quantities of other fuels 
are custom processed in specialized remote hot cells. The dissolver product 
solution is treated to remove solids and is processed in a modified PUREX­
solvent extraction system. The final product stream from the solvent 
extraction system is a uranyl nitrate solution, which is evaporated and 
decomposed (denitrated) to uranium trioxide granules. The granules are then 
shipped to ORNL for refabrication (EG&G 1984). 

Solvent cleanup systems wastes and fission products from the first cycle 
extraction process, as well as the small losses of fissile material, are 
channeled to one stream, which is stored as an acidic liquid in cooled, high­
integrity stainless steel storage tanks, with secondary containment in 
concrete vaults (discussed below). Raffinate from later extraction cycles is 
stored in uncooled tanks. 

6.5.2 Waste Calcining 

After some interim storage period in the HLLW tank farm, the high- and 
intermediate-level ICPP wastes are transferred to the New Waste Calcining 
Facility (NWCF) located within the ICPP. Here, the wastes are combined with 
chemical additives to minimize corrosion, and then sprayed into a heated 
fluidized bed of granular solids ~ The liquid waste is transformed into 
metallic oxides (called calcine) within the bed. The calcine is removed near 
the bottom of the bed and pneumatically transported to storage bins . The 
gaseous products are processed through an extensive cleanup system before 
being discharged to the atmosphere (EG&G 1984). 

Startup of the NWCF occurred in 1982, as a state-of-the-art method of 
solidifying and storing HLLW. The NWCF incorporates the latest available 
technology in fluidized-bed calcination, off-gas cleanup, remote operation/ 
maintenance, and decontamination. The waste calcining process affords a safer 
waste form, waste volume reduction, a 500-yr retrievable storage, continuous 
monitoring of waste and waste containers, and a safer waste form. 

Calcined wastes are stored in seven high-integrity stainless steel bins . 
The bins are contained within concrete vaults which provide radiation 
shielding and secondary containment for the calcine. Table 6-1 shows the 
current inventory of calcined wastes at the NWCF. Table 6-2 shows the typical 
chemical composition of a sodium blend calcine waste. 

Calcined waste storage bins are constructed with a network of monitoring 
systems including temperature, pressure, and radiation monitoring systems. 
Each is described as follows: 

• Temperature monitoring system--Temperature control is important to 
prevent caking or sintering of solids to ensure retrievability . In 
addition, temperature profiles provide an indication of the solids 
level in the bins, cooling of the vaults, and radiolytic 
decomposition of the calcine. 
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Table 6-1. Calcined Solids Inventory at the INEL. 

Bin set 

1 
2 
3 
4 

5 
6 
7 

Capacity Inventory 
Calcine types m3 ft3 m3 ft3 

221 7,800 221 7,800 Al 
850 30,000 850 30,000 Al, Zr 

1,076 38,000 1,076 38,000 Zr 
481 17,000 481 17,000 Zr 
991 35,000 708 25,000 Zr, Zr-Na 

1,557 55,000 Empty -- --
1,784 63,000 Empty -- --

Table 6-2. Typical Chemical Composition 
of Sodium Blend Calcine. 

Chemical Weight% 

CaF2 42.4 

Miscellaneous 4.6 

8203 2.9 

Na20 5.1 

CdO 5.7 

Al 203 9.6 

cao 12.2 

Zr02 17.5 

Tank temperatures are monitored using thermocouples in the solids 
transport system, cyclone separator, cyclone cell, individual 
storage bins, and the vault. Transport and transport air 
temperature for bin sets 5 and 6 are monitored on the distributed 
control system in the NWCF control room. Thermocouple readings are 
recorded weekly while the bin is filling, monthly until thermal 
equilibrium is reached, and annually thereafter. 

• Pressure monitoring system--Bin pressures are monitored until the 
bin reaches capacity. Once full, the bins are isolated from air 
sources to prevent pressurization. Pressure and vacuum relief 
valves are provided to prevent damage to the bins and releases to 
the environment. The valves are tested annually for operability . 
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• Radiation monitoring system--Both remote area monitors and constant 
air monitors are used for radiation monitoring of the storage bins . 
The vault exhaust, the cyclone cell, and the off-gas filter room are 
monitored. If radiation is detected, the vault exhaust air flows 
are automatically diverted through HEPA filters before discharge . 

6.6 UNDERGROUND STORAGE TANK PHYSICAL CHARACTERISTICS 

The HLLW tank farm, located in the rorthern portion of the ICPP area 
(Figure 6-4), consists of eleven 1,140-m - (300,000-gal-) capacity stainless 
steel tanks, (Tanks WM-180 to WM-190). The tank farm is designed to store 
HLLW concentrate_generated primarily from fuel processing at the ICPP. 

The 11 USTs have three design types: A, Bl, and B2. They can be seen in 
Figures 6-7, 6-8, and 6-9, respectively. A summary of the physical 
characteristics of the storage tanks is located in Table C-1. 

6 . 6. 1 Tank Design Information 

The Type A USTs (Tanks WM-180 and WM-181) have a 1,200-m3 (318,000-gal) 
capacity and are constructed of 347 stainless steel. They were the original 
HLLW USTs and were constructed between 1951 and 1952. The Type A USTs started 
service in 1953. They have a wall thickness ranging from 0.79 cm (0.3 1 in . ) 
at the bottom to 0. 64 cm (0 .25 in . ) at the top of the tank . Stainless steel 

3 . OSm ( 10 "] 

0 . 61m (2 "] t. 

-i . 37m ( • ·- 6 ""] 

Figure ·s-7. ICPP Type A Tank. 
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Figure 6-8. ICPP Type Bl Tank. 
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Figure 6-9. ICPP Type 82 Tank. 
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cooling coils are installed on the inner walls and floor of Tank WM-180. 
1.~~ Waste stored within all 11 USTs generate between 590 to 8,800 W (2,000 and 
?r;.'J 30,000 Btu/h) of heat. Tank WM-181 is not equipped with cooling coils. 

The Type Bl and 82 USTs (Tanks WM-182 to WM-190) have 1, 140 m3 

(300,000 gal) capacities and are constructed of 304L stainless steel . They 
were constructed between 1955 and 1964 and generally entered service with in 
1 to 5 years. Exact service dates are listed in Table C-1. Tank WM-90 is a 
spare and has never held waste. The wall thicknesses are the same for the 
Type A tanks and most are also equipped with cooling coils (except 
Tanks WM-184 and WM-186). 

6.6.2 Vault Design Information 

Each UST is contained in a concrete vault as a secondary containment 
barrier. The Type A tanks are contained in individual cast-in-place octagonal 
concrete vaults. The Type Bl Tanks WM-182 to WM-186 are contained in 
octagonal pillar and panel concrete vaults . Vaults for Tanks WM-182 to WM- 184 
were built in 1954 of precast concrete components. Tanks WM- 185 and WM- 186 
also are contained within pillar and panel type vaults; however, the later 

· tanks (built in 1957) were modified to increase strength. The Type B2 tanks , 
WM-187 to WM-190, were built within rectangular cast-in-place concrete vaults. 
Vaults for Tanks WM-187 and WM-188 were built in 1958 and vaults for 
Tanks WM-189 and WM-190 were built in 1963. Each of these vaults contains two 
tanks and is constructed of cast-in-place concrete walls and a precast T-beam 
roof . 

6.6 .3 Idaho Chemical Processing Plant High-Level 
Liquid Waste Handling 

The process equipment waste (PEW) system is designed to concentrate 
radioactive liquid waste generated at the INEL Site. Radioactive waste i s 
collected in a central collection vessel and then routed to the PEW 
evaporators for separation into high- and low-level fractions. The 
evaporators concentrate the liquids by vaporizing the water and other 
volatiles. The high-activity fraction collected in the bottom of the 
evaporator is transferred to one of the ICPP HLLW storage tanks for processing 
HLW. The low-level vapors are collected, condensed, sometimes treated by ion 
exchange, and combined with the service waste system. The combined service 
waste stream is discharged to perc~lation ponds designed to accommodate 
continuous disposal of up to 9.5 m /min (2,500 gal/min) (EG&G 1984). 

The PEW evaporator condensate is the source of over 90% of the 
radionuclides · in the service waste stream during normal routine operations at 
the ICPP. Tritium is the P.rinci8al ra~ionuclide. Other sii3nificant 
radionuclides include 14C, 1291, 11, 13 Cs, 106Ru , 90Sr, and 8Pu . The PEW 
evaporator condensate is also the major source of cadmium, chromium, fluor ide, 
lead, mercury, and HNO in the service waste stream. However, the PEW 
evaporator condensate }1ow comprises only about 0. 4% to 0. 5% of the total 
service waste stream flow {EG&G 1984) . 
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6.6.4 Tank Monitoring Systems 

The tanks are continuously monitored using pneumatic and radio frequency 
instruments (discussed below) to ensure containment and minimize corrosion . 
To date no tanks have leaked, and the tank corrosion coupons indicate minimal 
corrosion (EG&G 1984). 

Each of the 11 USTs has between 4 to 5 risers for sampling of tank waste 
and for waste transfers. They range in diameter from 25 to 30 cm (10 to 
12 in.) . A mechanical arm has been developed at INEL that can be lowered down 
one of the sampling risers for inspecting the inner tank wall and sample 
collection. There is no access to the void between the tank and the vault 
inner wall. Figure 6-10 shows the general location of the different risers 
for each ICPP tank . 

WW-182 

WW-180 

Figure 6-10. ICPP Waste Tank Riser Locations. 

WW-183 ww- ,a~ 

WW-181 WW- 184 

WW-186 

• Accessible Riser 

• Jet Pump 

• Corrosion Coupons 

L9 Radio f'requeney Probe 

A network of monitoring systems has been established at the HLLW tank 
farm to perform continuous monitoring of the liquid waste in the tanks. These 
systems include liquid level monitoring, liquid density monitoring, vapor 
space monitoring, and liquid temperature monitoring. The original tank 
monitoring instrumentation was primarily pneumatic transmitters with an analog 
recorder. The current monitoring systems are advanced computer driven 
systems, some of which were developed and patented at ICPP. These systems use 
radio frequencies for transferring monitored information. One distinct 
advantage of the new systems is that information can be immediately retrieved . 
and easily stored and manipulated for evaluation. In addition, the systems' 
online time is over 95% . The characteristics of the new radio frequency 
monitoring systems are outlined in Table 6-3. 
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6.7 UNDERGROUND STORAGE TANK WASTE PHYSICAL CHARACTERISTICS 
,(J~ 

')i}t.: Table 6-4 gives the approximate waste volumes and types for each of the 
11 USTs. These waste types are produced at different steps wi th i n the uran ium 
recovery process and are all in liquid form and extremely ac idic (pH <l) , 
primarily as HN03 • Wastes have a water content between 70% and 76% and 
densities from 1.13 to 1. 22 g/cm3 (9 . 4 to 10. 2 lb/gal) . Figure 6- 11 shows t he 
relative percentage of waste volumes compared to tank operating capac it ies . 
A tank-by-tank listing is shown in Table C-1. 

Table 6-3. Characteristics of Various Tank Liquid Monitoring Systems 
at ICPP. 

Temperature monitors 
Liquid teq,eratures recorded every 5 ~in and reported to the Waste Processing Coq:,uter System for storage 
and retrieval 

Average tank liquid teq,erature is automatically printed out every 8 h 

A teq,erature pr i ntout can be obtained at any time 

Instrument range i s ·40 to 150 •c (·40 to 302 •F> 

Instrument error is t4 •c Ct7 °F) 

System is calibrated every 12 months 

Alarm point is set at 35 •c (95 °F) 

Liqu id l evel monitori ng 
Developed and patented at ICPP 

Level determination for each tank is recorded every 5 min 

Data automatically printed every 8 h 

A waste level printout can be obtained at any time 

Tank voll.llleS recorded before and after each transfer of waste 

Calibrated every 12 months 

System resolution is presently t0.38 m3 (t100 gal), which equates to t0 . 08 in . (t0 . 2 cm) (resolut i on 
i~rovements are plamed) 

High alarm point is 1,080,; (285,000 gal) 

Level decrease alarm point is 0.57,; (150 gal) change in 1 h 

Tank leak detection system 
Primary system••Uses tank level monitoring instruments to detect a tank volume decrease 

Backup system·•Measures the liquid level in the vaults~ (this system is not the primary system because 
of the accU1Ulation of water in the s~ from other sources, e . g., rain water) 

The s~ level recorder provides continuous indication of s~ level and plots the data every 15 min 

S~ leve l s are recorded every 20 sand read ings are averaged every 2 min 

S~ recorder data are automatica lly printed every 8 h 

The instruments are cal ibrated every 12 months 

The system online time is over 90X 

. ICPP • Idaho Chemical Processing Plant . 
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Table 6-4. ICPP Tank Waste Types and Volumes. 

Tank number Type of waste 
Liquid 

(m3) (gal) 
WM-180 Concentrated sodium 556 147,000 
WM-181 Dilute sodium 1,056 279,000 
WM-182 Nonfluoride/aluminum 1,056 279,000 
WM-183 Dilute sodium 1,056 279,000 
WM-184 Concentrated sodium 1,050 277,000 
WM-185 Concentrated sodium 1,070 282,000 
WM-186 Dilute sodium 943 249,000 
WM-187 Zirconium 678 179,000 
WM-188 Zirconium 727 192,000 
WM-189 Zirconium 488 129,000 
WM-190 Spare Empty --
Total 8,680 2,292,000 

Figure 6-11. Percentage of Operating Capacity Filled with Waste . 

Number of Tanks 
5----------------------------, 

Percent of Tank Capacity 
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6.8 WASTE CHARACTERIZATION CAPABILITIES 

The ICPP contains support facilities, including a remote analytical 
laboratory used for analyzing high-level radioactive samples and other support 
laboratories with extensive analysis capabilities for nonradioactive material . 

A hot pilot plant, high-bay laboratory, and low-bay chemical engineering 
laboratory the provide the capability for pilot scale work. Facilities for 
doing remote maintenance studies and mockups also are ava•ilable (EG&G 1984} . 

6.9 UNDERGROUND STORAGE TANK WASTE CHEMICAL CHARACTERISTICS 

The waste stored in ICPP USTs is characterized by large concentrations of 
nitrates and dissolved metals such as aluminum, potassium, and sodium, with 
small concentrations of sulfates, chlorides, and heavy metals such as chromium 
and nickel. Table 6-5 gives the chemical compositions for the three primary 
waste types. Waste chemical totals for the most prevalent chemical species 
within the waste are listed in Table 6-6. Chemical totals for individual 
tanks are listed in Table C-2. 

Table 6-5. ICPP High-Level Waste Chemical Compositions (wt%} . 
Component Zirconium ·A 1 umi num Sodium 

Acid, N 1.75 1.83 1.47 
Al 0.742 1.51 0.8 - 1.6 
B 0.241 0.003 0.005 - 0. 01 
Ca -- 0.27 0.03 - 0.2 
c1· -- 0.023 0.06 - 0.1 
Cd -- 1.42 --
Cr 0. 0087 0.036 --
F" 5. 99 0.032 0.005 - 0.06 
Fe 0.023 0 .19 0.05 - 0.09 
H 0. 18 0 .12 0.03 - 0.15 
K -- 0.33 0.03 - 0. 15 
Mg -- 0.062 --
Mn 0.0004 0.048 --
Na -- 1.31 2.1 - 4.0 
Ni 0. 0049 0.016 --
NO - 11. 47 23.1 19 .4 - 23 .0 

3 so -z I. 52 0.65 0.33 - 0. 5 
4 

Zr 3.8 -- --
H20 76.0 70 .9 76 .6 - 69 .2 
Total 100 . 0% 100 . 0% 100 . 0% 

Density (g/cm.,) 1.13 1.21 I. 22 
Source: ORNL 1991. 
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Table 6-6. Estimated ICPP Tank Chemical Mass 
Totals. 

Mass 
Component Percent 

( kg) {lb) 
Cl- 11,570 25,500 0.1 
F- 141,500 311,900 1.3 
NO -

3 2,061,000 4,543,000 . 19.4 
so -2 

4 71,700 158,000 0.7 
Al 120,800 266,400 1.1 
Ca 10,520 23,200 0.1 
Cr 680 1,500 0.0 
Fe 6,490 14,300 0.1 
Mg 820 1,800 0.0 
Ni 360 800 0.0 
K 11,290 24,900 0.1 
Na 230,700 508,500 2.2 
Others 164,400 362,500 1.5 
H20 7,788,000 . 17,170,000 73.3 

Totals 10,619,830 23,412,300 99.9 

6.10 UNDERGROUND STORAGE TANK WASTE RADIOLOGICAL CHARACTERISTICS 

The principal radionuclides in the tank waste include uranium and 
plutonium isotopes, fission products such as 90Sr and 137Cs, and decay 
products. The specific activity of the waste averages 0.88 Ci/L (3.33 Ci/gal) 
(ORNL 1991}. This activity produces 1 to 4 W/m3 (0.013 to 0.052 Btu/h/gal) of 
heat, which is removed via cooling coils. This translates to 890 to 8,500 W 
(2,000 to 29,000 Btu/h} of heat produced per tank. Radiation fields vary from 
0.1 to >50 R/h for the different tanks. Radiation field strength is measured 
via corrosion coupons. A summary of the rad-ionuclide totals per tank is given 
in Table C-3. 

Table 6-7 describes the radionuclide concentrations for the three ICPP 
waste types. Table 6-8 lists totals of the most prevalent radionuclides 
within the USTs. Table 6-9 gives the results of radiation studies of 
corrosion coupons that were exposed to the HLLW. 
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Table 6-7. ICPP High-Level Waste Radionuclide 
Composition (mCi/L). 

Nuclide Zirconium Aluminum Sodium 
90Sr 362 658 80 
106Ru -- 11 5 
137cs 368 651 95 
137ce 2 42 3 
239pu -- 3 2 
Decay heat, W/m3 4 8 1 

Table 6-8. Estimated ICPP Tank Radionuclide 
Content . 

Radionuclide 
Activity Mass 

(Ci) (kg) (1 b) 
"-)"'Pu 149,400 2,410 5,310 
144ce 667,200 0.21 0.46 
137cs 19,700,000 228 502 
9oSr 16,850,000 122 269 

Totals 37,366,600 2,760.21 6,081.46 

Table s·-9. Estimated HLLW ICPP 
Radiation Levels. 

Tank ID Radiation level* 
180 O.35R/O . O4R 
181 1R/O.O5R 
182 2OR/5R 
i83 >5OR/1OR 
184 1R/O.15R 
185 --
186 7R/O.7R 
187 3OR/1OR 
188 >5OR/1OR 
189 2R/2R 
190 Background 

*seta-gamma/gamma values based on 
surveys performed on extracted corrosion 
coupons . 

6-23 



WHC-EP-0566 

6.11 FACILITIES FOR PROCESSING RETRIEVED TANK WASTE 

The primary radioactive waste management facilities at the INEL Site are 
located at the ICPP and the Radioactive Waste Management Complex. The ICPP 
processes and stores liquid radioactive waste received from other INEL 
facilities and from internally generated sources. Liquid radioactive wastes 
processed at the ICPP consist primarily of waste generated during processing 
of nuclear fuel. The liquid wastes are classified as service wastes, LLWs, 
and HLWs and are defined as follows (EG&G 1984): 

• Service wastes contain little or no radioactivity and are discharged 
to a percolation pond after monitoring. 

• LLWs are generated by plant operation or from equipment 
decontamination. These wastes are split into two streams by 
evaporation or ion exchange. One stream is concentrated to HLLW . 
The second stream is discharged to a percolation pond upon meeting a 
release criteria. 

• HWLs are fission product wastes ffom the fuel reprocessing 
extraction. First-cycle extraction waste streams, relatively high 
in radioactivity, are checked for uranium content and then usually 
evaporated to reduce the volume. The concentrate is stored in 
underground stainless steel tanks located at the ICPP facility until 
solidification by calcinating is complete. After calcining, the 
solids are placed in long-term, retrievable storage bins. An 
outline of present and future waste treatment operations for HLLW is 
shown in Figure 6-12. 

The Radioactive Waste Management Complex disposes of INEL-generated, low­
level, .beta-gamma contaminated solid wastes and also stores retrievable 
contact-handled and remote handled transuranic wastes. 

6.12 SOIL AND GROUNDWATER CONTAMINATION 

Radionuclide and chemical groundwater contaminant plumes at the INEL Site 
are attributed to past waste-disposal practices. The horizontal extent of the 
plumes is defined from routine samples taken from groundwater monitoring wells 
at the INEL Site. Radionuclide and chemical constituents detected in 
~roundwater at the INEL Site include tritium, 90Sr, 60co, 137c·s, 238Pu, 239I240 Pu, 

41 Am, and chromium, sodium, chlorides, and nitrates. The largest of these 
contaminant plumes originates at the ICPP. In 1987, 12 purgeable organic 
compounds were detected locally in the groundwater at the INEL Site (Mann and 
Knobel 1987). Concentrations of these compounds during 1988 to 1989 are 
documented in a report by L. J. Mann (1990). 

Specifically, elevated concentrations of 137Cs, tritium, 90sr, and 241 Am 
have been observed in groundwater samples collected from the perched water 
zones beneath the ICPP tank farm area as mentioned previously. Currently, 
remediation strategies for the restoration of the perched water underlying the -., 
ICPP are being addressed (Woznievicz et al. 1991). To date none of the i* 
11 HLLW USTs at ICPP has been confirmed to have leaked waste to the 
surrounding soil. 
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Figure 6- 12. Treatment Operation.s for ICPP HLLW . 
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7o0 OAK RIDGE SITE, TENNESSEE 

This section provides a detailed description of the LLW storage tanks at 
the Oak Ridge site, in Oak Ridge, Tennessee. A general site description of 
the facilities, environmental conditions, fuel processing activities, and 
waste storage methods is provided. The information is based on referenced 
documents and interviews with ORNL personnel. 

7.1 OAK RIDGE SITE INTRODUCTION AND HISTORY 

The Oak Ridge site was established in the early 1940's as the "Manhattan 
Project• location for the graphite reactor that was to serve as a prototype 
for the plutonium production reactors at the Hanford Site. The location of 
the Oak Ridge site is shown in Fi9ure 7-1. The "Hot Pilot Plant" was 
constructed to allow reprocessing of the graphite reactor fuel for plutonium 
recovery and process development. The graphite reactor and Hot Pilot Plant, 
along with associated support units, made up the core of operation at 
Oak Ridge for several years . It was also the site where enrichment uranium 

Figure 7-1. Oak Ridge Site Location. 
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was produced for military and later convnercial uses. From initial startup, 
large quantities · of fission products and uranium waste solutions as well as {:, 
solid radioactive wastes were generated . Today, the Oak Ridge site consists 
of three major operating facilities: the Y-12 Plant , the ORNL, and the ORGDP . 

7.2 OAK RIDGE SITE DESCRIPTION 

The Oak Ridge site is located within the corporate -limits of the city of 
Oak Ridge, in eastern Tennessee. The site currently occupies 235 km2 (91 mi 2) 
of land and is shown in Figure 7-2. 

The Oak Ridge site is predominantly to the west and south of the 
population center of the city. The site area lies in a valley between the 
Cumberland and southern Appalachian mountain ranges and is bordered to the 
southeast by the Clinch River. The Cumberlands are about 16 km (10 mi) 
northwest; 113 km (70 mi) to the southeast are the Great Smoky Mountains. 
Except for the city of Oak Ridge, the land within 8 km (5 mi) of the Oak Ridge 
site is predominantly rural and used largely for residences, small farms, and 
pasture land. Fishing, boating, waterskiing, and swimming are popular 
recreational activities in the area . The approximate locations and 
populations (1980 census data) of the towns nearest the site are as follows : 

• Oak Ridge, population i8,000 . 

• Oliver Springs, population 3,600, 11 km (7 mi) northwest 

• Clinton, population 5;300, 16 km (10 mi) northeast 

• Lenoir City, population 5,400, 11 km (7 mi) southwest 

• Harriman, population 8,300, 13 km (8 mi) west . 

Knoxville, population 183,000, is the major metropolitan area nearest 
Oak Ridge and is located about 40 km (25 mi) to the east. Fewer than 
5,000 people live within 10 km (6 mi) of the Oak Ridge site center. The 
Tennessee Valley Authority Melton Hill and Watts Bar reservoirs on the 
Clinch River form the southern, eastern, and western boundaries of the site , 
and the residential sector of the city of Oak Ridge forms the northeastern 
boundary. 

The Y-12 Plant produces components for the various nuclear wea~on systems 
in the nation's defense arsenal. This process involves converting 5U 
compounds to metal and the appropriate casting, rolling, and machining 
operations required to produce a finished product . 

The ORNL, also known as the X-10 Site or the Bethel Valley Complex, i s 
located in the southwest portion of the Oak Ridge site in Bethel Valley. The 
principal facilities located at the central site consist of nuclear research 
reactors, particle accelerators, hot cells, radioisotope production 
facilities, research facilities in the basic and applied sciences, support 
operations, and waste management units . Other facilities are located in 

7-2 



~ 
I 

w 

l egend 

Boll Or 

O.R.R. Boundary 

Not To Scale 

-,, ~-
tO 
C 
-s 
n> 

~ 
I 

N 

0 
OJ 
7'" 

:::0 ~-
0-
tO 
(1) 

VI ~-
r+ 
(1) 

3: 
OJ 

"'C 

:c 
:I: 
n 
I 

rTI 
"'0 
I 

0 
01 
0\ 
0\ 



WHC-EP-0566 

satellite areas in the proximity of the main plant site. These include 
research reactors, fuel reprocessing facilities, and waste treatment, storage, 
and disposal units. Figure 7-3 shows ORNL as a whole, and Figure 7-4 shows 
the southern part of the ORNL in the Melton Valley, and Figure 7-5 shows the 
ORNL Main Plant Area located in Bethel Valley. 

The ORGDP, also known as the K-25 Plant or the Melton Valley Complex, was 
a production and development facility for uranium enrichment for both nuclear 
weapons and power productions. It separated 235U from 238U by repeatedly 
passing uranium hexafluoride gas through a porous membrane. In August 1985, 
the gaseous diffusion process at the ORGDP was placed in a "ready standby" 
mode because of declining demands for enriched uranium. Since that time, the 
decision to permanently shut down the gaseous diffusion cascade has been made. 
In addition to operating the gaseous diffusion process, ORGDP personnel were 
involved in developing and demonstrating more energy-efficient and cost­
effective methods for uranium enrichment. Two such methods under development 
at the ORGDP were the gas centrifuge process and the atomic vapor laser 
isotopic separation system. In 1986, the atomic vapor laser isotopic 
separation work at the ORGDP was significantly reduced. 

7.3 AMBIENT WEATHER AND CLIMATE CONDITIONS 

This section states the climatic conditions, precipitation rates, and 
typical wind patterns for the area surround1ng the Oak Ridge site. 

7.3.1 Climate 

Oak Ridge has a temperate climate with warm, humid summers and cool 
winters typical of the humid southern Appalachian region. The local climate 
is noticeably influenced by topography. Differences in elevation have a 
measurable influence on the changes in climate along a northwest-southeast 
axis. No extreme conditions prevail in temperature, precipitation, or winds. 
Spring and fall are usually long, and the weather is normally sunny with mild 
temperatures. Severe storms such as tornadoes or high-velocity winds are 
rare. The mountains frequently divert hot, southeasterly winds that develop 
along the southern Atlantic coast. 

7.3.2 Precipitation 

From 1948 through 1983, the mean annual precipitation at Oak Ridge was 
138.7 cm (54.6 in.), ranging year-to-year from 95 to 194 cm (37.4 to 
76.3 in.). In this region, the heaviest precipitation normally occurs during 
winter and early spring, with the monthly maximum normally occurring from 
January to March. Winter ·storms are generally of low intensity and long 
duration. Another peak in rainfall occurs in July when short, heavy rains 
associated with thunderstorms are common. Typically in October, slow-moving, 
high-pressure cells suppress rain and, while remaining nearly stationary for 
many days, provide mild, clear, dry weather. As a result, October (as well as 
September) is usually the driest month. A trace or more of snow has been 11 
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Figure 7-3. Oak Ridge National Laboratory . 
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reported each winter on record with an annual average snowfall of 26 .4 cm 
(10.4 in.). According to the Climatic Atlas of the United States 
(U.S. Department of Commerce 1979), mean lake evaporation in the Oak Ridge 
area is 89 cm (33 in.). 

7.3.3 Wind 

Oak Ridge is one of the country ' s calmest wind areas. The prevail i ng 
winds, as measured at an onsite meteorological tower, are from the southwest 
and northeast un~er both stable and unstable conditions. Average monthly wind 
speeds range from 1.6 m/s (5.2 ft/s) in October to 2.5 m/s (8.2 ft/s) in 
April. Because of the calm conditions, providing relief from the summer 
humidity through ventilation is difficult. The atmosphere can be considered 
to be in an inversion status about 36% of the time. The daily up- and down­
valley winds, however, provide some diurnal exchange. The prevailing wind 
directions are northeasterly (up-valley) and southwesterly (down-valley) . 
Poor air dilution (and thus the primary air pollution episodes) occurs with 
the greatest frequency and severity during October. 

7.4 GEOLOGICAL AND HYDROLOGICAL CONDITIONS 

Oak Ridge is located in .the Valley and Ridge physiographic province , a 
belt of faulted and folded rock that lies between the Blue Ridge subdivision 
of the Appalachians to the southeast and the Appalachian Plateau to the 
northwest. The Valley and Ridge Prov ince extends from Pennsylvania to Al abama 
where its possible . continuation in an arc curving to the west i s obscured by a 
cover of younger deposits. In the Oak Ridge area, the province is about 81 km 
(50 mi) wide and is marked by a series of great overthrust faults, in each of 
which a layer of rock very roughly 3. 2 km (2 mi) thick has moved as much as 
several tens of miles to the northwest, overriding the similar sheet of rock 
in front of it and in turn overridden by the sheet behind it . 

Since the latter part of the Appalachian Revolution, when the thrust 
sheets were formed, at least 3 km (10,000 ft) of rock has been removed by 
erosion. The fault sheets, as presently exposed, are each bounded below by 
one of the major overthrust fault planes and above by a fault plane or an 
erosion surface, so that both the top and bottom of the original stratigraphi c 
column are missing. A geologic section through the described formations is 
shown in Figure 7-6 (Weeren et al. 1974). 

7.5 PROCESS DESCRIPTION 

The ORNL employs two·systems for handling and processing liquids that 
contain radioactive constituents: the ORNL Liquid Low-Level Waste 
Concentration system (Figure 7- 7) and the Process Waste System (PWS) . The PWS 
handles all liquid waste that conta ins trace amounts of radioactivity, heavy 
metals, and organics, or have the potential to be contaminated with these 
constituents. The Liquid Low-Level Waste Concentration System handles waste 
solutions with a significant amount of radioactivity, including waste streams 
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originating from hot sinks and drains in the research and development ~ 
facilities and from other facilities, such as the radiochemical pilot plants, tt{) 
nuclear reactors, and the concentrate from the Process Waste Treatment Plant . 

Several facilities at ORNL have contributed and continue to contribute to 
the generation of low-level liquid waste (LLLW). The radioactive liquid waste 
generated at ORNL can be categorized into several types of waste: (1) liquid 
wastes that are a result of air and water treatment facility operations, 
(2) wastes resulting from decontamination of hot cells and various areas, and 
(3) research and development process-generated wastes. Of these types of 
LLLW, air and w~ter treatment facility operations' wastes have accounted for 
approximately 34% of the dilute LLLW generated since 1986. Decontamination 
activities have generated about 45% of the waste, and other activities, 
including research and development activities and rainwater/groundwater 
infiltration, account for the remaining 21% of the dilute LLLW generation in 
the past 3 yr. 

The isotope facilities at the ORNL are used primarily for producing and 
distributing various radionuclides. A wide range of radionuclides are 
handled. Major activities at the facilities include tritium processing, 85Kr 
enrichment, ~hart-lived fission products processing, and the processing of 
137Cs, 90sr, 1 91, 154Eu, and 238Pu. Since 1987, the approximate level of LLLW 
generation from the isotope facilities has remained 14,400 L/month 
(3,800 gal/month). 

The sc~ubbing operation for the Central Offgas Collection System 
(Building 3039) produces a spent caustic solution that is slightly 
radioactively contaminated. The 3039 Stack Area produces approximately 
14,000 l/month (3,700 gal/month) of dilute LLLW and accounts for approximately 
11% of the total LLLW collected since 1986. 

The LLLW collected from the High-Flux Isotope Reactor (HFIR) is generated 
primarily from the following sources: (1) regeneration and backwashing of 
primary and pool demineralizing systems, (2) waste from sampling, (3) head 
tank overflow, (4) gaseous waste filter pit, (5) 7911 stack drainage, and 
(6) the offgas condensate collection pit. Since the HFIR shutdown, the LLLW 
generation rate has fallen to approximately 1,040 L/month (277 gal/month). 
When in operation, the system may be the largest generator at ORNL. During 
HFIR operations, the most significant LLLW generation source is the 
regeneration and backwashing of the primary and pool demineralization systems. 
These regeneration solutions account for approximately 66,300 L (17,250 gal) 
of LLLW annually and also represent the primary source of 60Co in the Liquid 
Low-Level Waste Concentration System at ORNL. 

The Oak Ridge Reactor was shut down permanently in 1987 and will not be 
restarted. Current and future waste generated from the Oak Ridge Reactor is 
the result of decommissioning and decontamination activities and ion-exchange 
column regenerant solutions. The Bulk Shielding Reactor is expected to 
continue operation at ORNL. Sources of LLLW from the Bulk Shielding Reactor 
are cooling water and ion-exchange column spent regeneration solutions. 
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Large quantities of 137Cs (approximately 350,000 Ci/yr) and 90sr 
(approximately 500,000 Ci/yrl are processed at Building 3517 . Other materi~ls 
that might be processed are 0co and 192 Ir. Materials that have been handled 
in the past incl~de 144Cs and 147Pm. Building 3517 is the primary source of 
both cesium and strontium in the Liquid Low-Level Waste Concentration System. 
Estimated losses of each material to the Liquid Low-Level Waste Concentration 
System are on the order of 5,000 to 15,000 Ci/yr . The activities that produce 
LLLW are not directly related to isotope processing. The LLLW is primarily 
generated from routine decontamination of the hot cells that are used in 
cesium and strontium purification. Recent improvements to the building's tank 
vault reduced groundwater inleakage and, consequently, the LLLW generation 
rates. The High-Level Radiation Examination Laboratory (Building 3525) 
primarily serves as an area where irradiated metallurgical specimens can be 
examined. Currently, the facility is expected to handle a variety of · 
radionuclides, including cesium, uranium, plutonium, and thorium isotopes. 
The area possesses both hot cells and storage wells for containment of 
radioactive materials. The average monthly LLLW generation rate of the High­
Level Radiation Examination Laboratory has been approximately 6,800 L 
{1,800 gal) since 1986 . · 

The 4500 Complex (Buildings 4500N, 4500S, 4501, and 4508) is a 
multipurpose research facility . A large variation in the radioactive 
materials is handled in the complex, and trace quantities of any radionuclide 
used at the laboratory could originate at one of the many active hot drains in 
the facility. Approximately 89 active hot drains exist in the 4500 Complex . 
The 4500 Complex historically has accounted for 7% to 8% of all LLLW collected 
at ORNL . Since 1986, the average LLLW generation rate has been approximately 

· 9,800 L/month (2,600 gal/month). 

The leakage of rainfall into the Liquid Low-Level Waste Concentration 
System has been qualitatively recognized for some time as a major contributor 
to the quantity of waste processed by this system. However, a quantitative 
estimate of the effects of rainfall on the volume of LLLW collected at ORNL 
has not been previously evaluated. A time-series analysis identified LLLW 
collected in the following tanks to be significantly influenced by rainfall: 
WC-19, W-1-A, WC- 11, WC-12, Building 3517 tanks, WC-8, WC-5, W-17, and W-18. 
It was estimated that approximately 5,700 L (1,500 gal) of LLLW are collected 
from the above tanks for each inch of rainfall. In addition, several filter 
pits and sumps throughout ORNL collect rainfall that is sent to the Liquid 
Low-Level Waste Concentration System. 

7.6 UNDERGROUND STORAGE TANK PHYSICAL CHARACTERISTICS 

The radioactive USTs at ORNL are a component of the Liquid Low-Level 
Waste Concentration System. This system is a complex assemblage of tanks, 
associated transfer pipelines, and ancillary equipment designed to collect , 
neutralize, concentrate, and store LLLW before its final disposal . The tanks 
vary in construction design (the .majority are constructed of gunite or 
stainless steel) and in age (the majority are more than 30 yr old) . The 
interconnecting transfer piping is of similar age and design variability. The 
bulk of the LLLW tanks and transfer lines are buried underground for purposes 
of radiation shielding. The design operating life of most of the original 
system was 30 yr, which has been exceeded. 
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The liquid Low-Level Waste Concentration System contains both active and 
inactive tanks and piping. Active tank systems are those systems that are 
currently receiving liquid waste from active facilities or programs. Inactive 
tank systems are those systems that are no longer receiving liquid waste and 
are isolated, either physically or administratively, from active waste­
generating facilities. Inactive USTs are organized into groups based on 
location and function. A complete tank-by-tank listing of these 
characteristics is found in Table 0-10. 

7.6.l Inactive Tanks 

The following subsections discuss the six different ORNL inactive UST 
groups. 

7.6.1.1 Group 1 {Gun1te Storage Tanks). Table 7-1 describes the operating 
capacities and installation dates of ORNL group 1 inactive USTs. 

Table 7-1. Group 1 Inactive Tanks 
(Gunite). 

Tank ID 
Operating capacity Installation 

ml gal date 

W-5 644.00 170,000 1943 
W-6 644.00 170,000 1943 
W-,7 644.00 170,000 1943 
W-8 644.00 170,000 1943 
W-9 644.00 170,000 1943 

W-10 644 ~00 170,000 1943 

W-11 5.68 1,500 1943 

• Tanks W-5 through W-10 were constructed in 1943 for permanent 
storage of LLLW. Because of the expanding needs of the ORNL, the 
capacity of the tanks proved inadequate. The waste was directed to 
an evaporator between 1949 and 1954 and from 1959 until the tanks 
were taken out of service in 1980. Between 1953 and 1959 the waste 
was sent to open waste pits. 

• Tank W-11 was constructed in 1943 to serve as a waste collection 
monitoring tank for research laboratories in Building 3550. The 
tank was removed from service in 1948 because of leaks. 

Tanks W-5 through W-10 are designated Type D design (Figure 7-8), and 
Tank W-11 is a Type E design (Figure 7-9). Both tanks types were constructed 
from gunite. None of these tanks have secondary containment. 
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Figure 7-8. Oak Ridge Type D Tank . 
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The results of a previous sampling campaign revealed that Tanks W-5 
thfrough W-10 contain a sludge with TRUs and toxic metals. In addition, most if~_:_;? 
o these tanks contain listed organics. Tank W-11 contains primarily LLW in -
aqueous form. 

7.6.1.2 Group 2 (Old Hydrofracture Facjlity). Table 7-2 describes the 
operating capacity and installation dates of ORNL group 2 inactive tanks. 

Table 7-2. Group 2 Inactive Tanks 
(Old Hydrofracture Facility). 

Tank ID 
Operating capacity Install at ion 

m3 gal date 

T-1 56.8 15,000 1963 

T-2 56.8 15,000 1963 

T-3 94.7 25,000 1963 

T-4 94.7 25,000 1963 

T-9 49.2 13,000 1963 

• Tanks T-1 through T-4 and T-9 were used during the Old Hydrofracture 
Facility operation to store liquid waste until it was ready to b~ .~:-~_:_.~ 
blended with grout, before waste injection by hydrofracture. The -
Old Hydrofracture Facility operations were discontinued in 1980. 
The USTs are constructed from carbon steel and Tanks T-3 and T-4 
have a rubber liner to protect the steel shell. Tanks T-1 and T-2 
are designated as Type L (Figure 7-10), Tanks T-3 and T-4 as Type M 
(Figure 7-11), and Tank T-9 as Type N (Figure 7-12), respectively. 

From the results of a previous sampling campaign, the Old Hydrofracture 
Facility tanks contain soft sludge with high TRU and toxic metal 
concentrations. 

7.6.1.3 Group 3. Table 7-3 describes the operating capacities and 
installation dates of the ORNL group 3 inactive tanks. 

• Tanks TH-1, TH-2, TH-3, and TH-4 received waste from the irradiated 
thorium and uranium pilot plant development projects in 
Building 3503. The tanks were taken out of service in 1970. 
Tanks TH-1, TH-2, and TH-3 are constructed from stainless steel. 
They contain liquids with little sludge. The liquid phase contains 
low levels of radioactivity. Tank TH-4 is constructed from gunite 
and contains large quantities of sludge. Tanks TH-2 and TH-4 are 
designated Type K (Figure 7-13) and Type A (Figure 7-14), 
respectively. 
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Figure 7-10 . Oak Ridge Type L Tank. 
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Figure 7-12. Oak Ridge Type N Tank. 
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Table 7-3 . Group 3 Inactive Tanks. 

Tank ID 
Operating capacity Installation 

m-> gal date 

TH-1 9. 47 2,500 1948 
TH-2 9.09 2,400 1952 
TH-3 12.50 3,300 1952 
TH-4 53.00 14,000 1952 
W-1 18 . 20 4,800 1943 

W-1-A 15.20 4,000 1951 
W- 2 18 . 20 4,800 1943 
W-3 161.00 42,500 1943 
W-4 161. 00 42,500 1943 

W-13 7.58 2,000 1945 
W-14 7.58 ~,000 1945 
W-15 7.58 2,000 1945 
WC-1 8.14 2,150 1950 

WC-15 3.79 1,000 1951 
WC- 17 3.79 1,000 1951 

7-18 



WHC-EP-O566 

Figure 7-13. Oak Ridge Type K Tank. 
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Figure 7-14. Oak Ridge Type A Tank. 
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• Tanks W-1 through W-4 and W-1-A received waste from Building 3019, 
which is a radiochemical processing facility. The principal 
radionuclides in the waste were cesium, strontium, and TRUs. 
Tanks W-1 through W-4 were taken out of service in the early 1960s, 
and the Tank W-1-A was taken out of service in 1986 because of 
leaks. Tank W-1-A was emptied when removed from service. Tanks W-1 
and W-2 contain only liquids and Tanks W-3 and W-4 contain liquids 
and a sludge phase that contains TRUs and toxic metals. Tanks W-1 
through W-4 are constructed from gunite while Tank W-1-A is 
constructed from stainless steel. Tanks W-1 and W-2 are designated 
Type B (Figure 7-15), Tanks W-3 and W-4 are Type C (Figure 7-16), 
and Tank W-1-A is Type I (Figure 7-17), respectively. 

• Tanks W-13, W-14, and W-15 were connected to the metal waste drains 
from the Radiochemical Processing Facility, Building 3019, but also 
collected chemical waste from recovery of fission products. The 
tanks were taken out of service in 1958. They contain liquids with 
little sludge. The _liquid phase contains low levels of 
radioactivity. These tanks are constructed from stainless steel 
with an outer concrete shell. Tanks W-13 and W-14 are designated 
Type F (Figure 7-18), and Tank W-15 is Type G (Figure 7-19), 
respectively. 

• Tank WC-1 was used to collect and monitor process liquid waste from 
isotopes production and development laboratories in Buildings 3038, 
3028, 3029, 3030, 3031, 3032, 3033, and 3047; the filter in 
Building 3110; the stack in Building 3039; and the scrubber in 
Building 3092. The tank was taken out of service in 1968 because of 
a leaking discharge line; it contains liquids with little sludge. 
The liquid phase contains low levels of radioactivity • - The tank is 
constructed from stainless steel and sits on a concrete pad. It is 
designated Type Hand is shown in Figure 7-20. 

• Tanks WC-15 and WC-17 were used to collect LLLW from research 
laboratories in Building 4500. They were taken out of service in 
the 1960's (exact date unknown) because of leaks. They contain 
liquids with little sludge. The liquid contains low levels of 
radioactivity. These tanks are constructed of stainless steel and 
Tank WC-15 is known to be in-leaking at the seams and the dish head. 
Tank WC-15 is also known to contain an organic layer within the 
liquid phase. Both tanks are designated Type J and are shown in 
Figure 7-21 . 
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Figure 7-15. Oak Ridge Type B Tank. 
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Figure 7-16. Oak Ridge Type C Tank. 
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Figure 7-17. Oak Ridge Type G Tank. 
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Figure 7-18. Oak Ridge Type F Tanks. 
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Figure 7-19. Oak Ridge Type I Tank. 
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Figure 7-20. Oak Ridge Type H Tank. 
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Figure 7-21. Oak Ridge Type J Tank. 
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7.6.1.4 Group 4. Table 7-4 describes the operating capacity and installation 
dates of ORNL group 4 inactive tanks. 

Table 7-4. Group 4 Inactive Tanks. 

Tank ID 
Operating capacity Insta 11 at ion 

m3 gal date 

7560 3.79 1,000 1957 

7562 45.5 12,000 1957 

T-30 3.12 825 1961 

W-19 8.52 2,250 1955 

W-20 8.52 2,250 1955 

• Tanks 7560 and 7562 were used as waste tanks for the Homogenous 
Reactor Experiment and Tank 7560 was later used as the clean vapor 
condensate tank for the Homogenous Reactor Experiment 2. The tanks i~{!~ 
were removed from active service in 1961. 1'Ji!) 

7-24 



/4~ :,:~:~t)~ 

~ ! 
f~jo/ 

;Iii 

WHC-EP-0566 

• Tank T-30 was used to store radioactive materials for the Curi um 
Recovery Facility, Building 4507, which later became the High 
Radiation Level Chemical Recovery Facility. The out-of-service date 
for this tank is unknown. 

• Tanks W- 19 and W-20 were used to collect waste produced from 
recovery and reprocessing of uranium and other nuclear material from 
the Metal Recovery Facility in Building 3505. The tanks were 
removed from service in 1960. 

The results of a previous sampling campaign revealed that the Group 4 
tanks contain an aqueous phase with little or no sludge or are empty (tanks in 
Building 7560 and Tanks W-19 and W-20}. 

7.6.1 . 5 Group 5. Table 7-5 describes the operating capacities and 
installation dates for ORNL Group 5 inactive tanks. Additional information on 
each tank is provided in the list following Table 7-5. 

Table 7-5 . Group 5 Inactive Tanks . 

Tank ID 
Operating capacity Installation 

m3 gal date 

3013 1.52 400 1949 

3001- B 0.28 75 1943 
3001-S 7.58 2,000 Unknown 

3003-A G·o. Go 16,000 1943 
3004-B 0.11 30 1956 

7503-A 41.70 11,000 1962 

H-209 9. 47 2,500 1961 

• Tank 3013 is connected to the drains in Building 3013. 
Building 3013 was originally an environmental processing laboratory 
that dealt with low-level contaminated environmental samples. The 
out-of-service date is unknown. 

• Tank 3001-B is a holdup tank for hot-lab drains in Building 3001 . 
The tank was taken out of service in 1965. 

• Tank 3001-S is a tank that is shown on engineering drawings to be 
located south of Building 3001. This area is currently a parki ng 
lot, and the standpipe shown on the drawings is not visible . 
Investigative work is under way to determine if . this tank exist s . 
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• Tank 3003-A received LLLW from three cells and a stack in 
Building 3003. Building 3003 was the air-handling building for the 
graphite reactor (Building 3001). Because it was the air handling 
system, condensate from this equipment is expected to be 
contaminated wit~ low levels of fission products. The tank was 
taken out of service in 1965. 

• Tank 3004-B was a waste holding tank for the Low Intensity Test 
Reactor. The out-of-service date is unknown. 

• Tank 7503-A was a waste holding tank for the Molten Salt Reactor 
Experiment. The out-of-service date is unknown. 

• Tank H-209 was used for condensate and floor drain holdup from 
Building 3517. The out-of-service date for this tank is unknown. 

These tanks have not been evaluated for waste characteristics. 

7.6.1.6 Group 6. Table 7-6 describes the operating capacity and installation 
dates of ORNL group 6 inactive tanks. 

Table 7-6. Group 6 Inactive Tanks. 

Tank ID 
Operating capacity Installation 

m3 gal date 

3002-A 6.06 1,600 1943 
T-14 184.00 48,500 1979 
S-424 1.89 500 1955 
WC-4 6.44 1,700 1944 
WC-5 3.79 1,000 1952 

WC-6 1.89 500 1952 
WC-8 3.79 1,000 1952 

W-1-I 1.89 500 1959 

W-17 3.79 1,000 1951 
W-18 3.79 1,000 1951 

WC-11 15.20 4,000 1951 
WC-12 3.79 1,000 1951 
WC-13 3.79 1,000 1951 

WC-14 3.79 1,000 1951 
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• Tank 3002-A was used to collect liquid condensate from 
Building 3002. Building 3002 was the filter house for the Old 
Graphite Reactor. The removal-from-service date is unknown . 

• Tank T- 14 was used as an overflow emergency waste tank for the New 
Hydrofracture Facility. The removal-from-service date is unknown . 

• Tank S- 424 was used to collect highly corrosive chloride-bear i ng 
supernate from a precipitation operation. 

• Tank WC-4 was used as a waste tank for Building 3026. Waste 
primarily generated from the Roll Up Process, which involved 
dissolving uranium targets and extracting isotopes. The tank was 
taken out of service in the 1950's. 

• Tanks WC-5, WC-6, and WC-8 received waste from development projects 
in Buildings 3508, 3541, and 3592. 

• · Tank W-12 received waste from examination of reactor components in 
Bu i lding 3525. It received the waste Tank F-501 . The removal-from­
service date is unknown. 

• Tanks W-17 and W-18 served as waste tanks for isotope production in 
Building 3026 . 

• Tank W-1-I was used to collect waste liquids from isotope recovery 
operation in Building 3028. The exact removal - from- service date is 
unknown. 

• Tanks WC-11, WC-12, WC-13, and WC-14 were used as waste tanks for 
the 4500 Complex. 

These tanks have not been evaluated for their waste characteristics . No 
analysi s of contents is available . 

7~6.2 Active Tanks 

The following subsections discuss the 6 groups of active USTs at ORNL. 

7.6.2.1 Fission Products Development Laboratory Tanks. Table 7-7 lists the 
operatinef capacity and installation dates for the ORNL active tanks used for 
the fission products development laboratory. 

These tanks were used to collect production process wastes from a variety 
of operations, such as supernate from cesium and strontium precipitation 
operations, raffinate from a 144Ce extraction process , and general 
decontamination solutions which contained 60co, 90Sr, 192Ir , 147Pm , 137Cs, and 
134Cs. 
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Table 7-7. Fission Products Development 
Active Tanks. 

Tank ID 
Operating capacity Installation 

m3 gal date 

S-223 9.47 2,500 1955 
S-324 3.79 1,000 1955 
S-523 3.79 1,000 1955 

These tanks will be used for decontamination of facilities used in 
isotopes production programs that were discontinued in fiscal year 1990. 
Building 3517 will then be used for isotopes storage. The Liquid Low-Level 
Waste Concentration System will be used to transfer waste generated by 
isotopes storage and transfer operations and possibly for future waste 
management treatment programs. 

7.6.2.2 Evaporator Complex and Melton Valley Storage Tanks. Table 7-8 
discuses the operating capacities and installation dates for the ORNL active 
tanks associated with the evaporation complex. 

Table 7-8. LLLW Evaporator Active Tanks. 

Tank ID 
Operating capacity Installation 

m3 gal date 

C-1 189 50,000 1964 

C-2 189 50,000 1964 

W-21 189 50,000 1979 
to 

W-23 189 50,000 1979 

W-24 189 50,000 1980 
to 

W-31 189 50,000 1980 

Tanks C-1, C-2, and W-21 through W-23 are used as feed or concentrate 
storage tanks for the LLLW evaporator located in Building 2531. Tanks W-24 
through W-31 are concentrated waste storage tanks located in the Melton 
Valley Complex. These tanks are constructed of stainless steel and are 
located in concrete vaults. With the exception of two tanks (C- 1 and C- 2), 
the tank vaults have stainless steel liners. Consequently, there are two 
types of designations, 01 for Tanks C-1 and C-2, and 02 for Tanks W-21 
through W-31. They are shown in Figure 7-22. 
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Figure 7-22. Oak Ridge Type 01 and 02 Tank. 
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Current and future use remains unchanged for the tanks in the evaporator 
complex. 

7.6 . 2.3 Radiochemical Engineering Development Center Tanks. Table 7-9 
discuses the operating capacities and installation dates for the ORNL active 
tanks associated wi th the Radiochemical Engineering Development Center . 

Table 7-9. Radiochemical Engineering 
Development Center Active Tanks. 

Tank ID 
Operating Capacity Installation 

(m3) (gal) Date 

B-2-T 7.08 1,870 1965 
B-3-T 7.08 1,870 1965 
C-6-T 2.65 700 1965 
F- 111 0. 47 125 1962 
F-126 4.54 1,200 1962 
WC-20 37.90 10,000 1976 

7-29 



WHC-EP-0566 

The LLLW was produced from radiochemical operations designed to recover 
isotopes produced from irradiated HFIR targets and other sources. The LLLW at 
the Radiochemical Engineering Development Center was primarily generated from 
disposal of spent off-gas scrubber solutions. Other sources included routine 
and nonroutine wash down of hot cells and other contaminated equipment. The 
Radiochemical Engineering Development Center is the major contributor of TRU 
radionuclides in the Liquid Low-Level Waste Concentration System. 

Current and future use remains unchanged for the tanks serving the 
Radiochemical Engineering Development Center. 

7.6.2.4 High Radiation Level Examination Laboratory Tanks. Table 7-10 
discusses the operating capacity and installation dates for the ORNL active 
USTs associated with the High Radiation Level Examination Laboratory. 

Table 7-10. High Radiation Level 
Examination Laboratory Active Tanks. 

Tank ID 
Operating capacity Installation 

m3 gal date 

F-201 0.15 40 1962 
F-501 0.76 200 1962 
W-12 2.65 700 1947 

Building 3525 provides for the post-irradiation mechanical disassembly of 
reactor components so that physical and metallurgical examinations can be 
conducted. The LLLW is produced from the decontamination and cleanup of the 
hot cells used in the disassembly and examination process. 

Current and future use remains unchanged for the tanks serving 
Building 3525. 

7.6.2.5 High Flux Isotopes Reactor. Table 7-11 describes the operating 
capacities and installation dates for the ORNL active tanks associated with 
the HFIR. 

Table 7-11. HFIR Active Tanks. 

Tank ID 
Operating capacity Installation 

m3 gal date 

HFIR 49.2 13,000 1961 
T-1-A 56.8 15,000 1963 
T-2-A 56.8 15,000 1963 
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The Liquid Low-Level Waste Concentration System services a major research 
reactor facility. The LLLW from the HFIR primarily results from regeneration 
and backwashing of primary and pool demineralizer systems, sampling 
operations, gaseous waste filter pit inleakage and condensation, and stack 
drainage. Other waste is generated by routine maintenance and decontamination 
of contaminated equipment. When in operation, the HFIR is the primary source 
of 6°Co in the Liquid Low-Level Waste Concentration System. 

Current and future use remains unchanged for the tanks serving the HFIR . 

7.6.2.6 Miscellaneous. Table 7-12 lists the operating capacities and 
installation dates for miscellaneous ORNL active tanks included within this 
document. 

Table 7-12. Miscellaneous Facility 
Active Tanks . 

Tank ID 
Operating capacity Installation 

m3 gal date 

2026-A 1.89 500 1962 
T-13 15.20 4,000 1979 
W-16 3. 79 1,000 1951 
WC- 2 3. 79 1,000 1951 
WC-3 3. 79 1,000 1951 
WC-7 4.17 1,100 1951 
WC-9 8. 14 2,150 1952 

WC-10 7.58 2,000 1951 
WC-19 8 . 52 2,250 1955 

• The 2026 Facility {Tank 2026-A) provided analytical sample analysis 
for various programs at the ORNL. The LLLW was generated upon 
disposal of various samples once analysis was completed and from 
routine washdown and decontamination of hot cells and other 
contaminated equipment. The waste from the Hot Off-Gas Pot Scrubber 
treatment facility is transferred via a pipe that intersects the 
Tank WC-2 discharge line. 

The 2026 Facility continues to generate LLLW from analysis of 
samples at the ORNL. The primary activities conducted within the 
facility include analysis of LLLW waste tank contents, reactor fuel 
analysis, and work for others. The facility is key to environmental 
characterization of materials considered by the Federal Facility 
Agreement and other environmental compliance programs. The Hot 
Off-Gas Pot Scrubber waste will continue to be collected. 
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• Tank T-13 served as a waste tank for the New Hydrofracture Facility. 
TlhlelWNefw Hyd~rofrac
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Potential future uses include pilot plant operations to develop new 
LLLW treatment processes and decontamination activities. 

• Tank W-16 serves Building 30260 (Segmenting Hot Cell Facility) in 
the Isotopes Complex. Multigram quantities of radioisotopes were 
separated, purified, stored, and distributed in facilities serviced 
by the liquid Low-Level Waste Concentration System. A wide range of 
radionuclides was produced. Isotopes were produced for use in 
research, medical, and industrial applications. Most waste was 
generated as a result of routine and nonroutine hot-cell and 
equipment decontamination. Waste includes residual solutions used 
for isotope separation, trace quantities of isotopes, and other 
contaminated liquids. 

Tank W-16 may potentially be used for the decontamination of 
Building 30260. 

• Tanks WC-2 and WC-10 service the Isotopes Circle facilities. 
Multigram quantities of radioisotopes were separated, purified, 
stored, and distributed in facilities serviced by the Liquid Low­
Level Waste Concentration System. A wide range of radionuclides 
were produced. Isotopes were produced for use in research, medical, 
and industrial applications. Most waste was generated as a result f_:~-~-:~.: .. _?_ti 
of hot-cell and equipment decontamination. Waste includes residual - ~ 
solutions used for isotope separation, isotopes, and other 
contaminated liquids. 

Significant isotopes production in the facilities serviced by the 
liquid Low-Level Waste Concentration System was terminated in fiscal 
year 1990. However, the Liquid Low-Level Waste Concentration System 
continues to collect waste from routine cleanup and washdown of hot 
cells and other components. The liquid Low-Level Waste 
Concentration System will be used during formal cleanup and shutdown 
stabilization of the facility through fiscal year 1994. Research 
and medical production activities will continue in a limited portion 
of these facilities for the foreseeable future. 

• Tank WC-3 was used primarily to collect residuals from metallurgical 
sampling and analysis from the 3025 Facility (Irradiated Materials 
Examination and Testing Facility). The waste solutions came from 
etching, dissolution, and decontamination of particulate residue 
from physical property analysis (such as tensile and shear testing) 
of irradiated metals. · 

Current and future use will remain unchanged for Tank WC-3 . 
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• Waste solutions from health physics research of contaminated animals 
(Geosciences laboratory) were stored in Tank WC-7. Original tank 
waste included fission products and other contaminated waste 
generated during animal contamination studies. The LLLW from the 
Evaporator Complex Building 2533 sump (Cell Ventilation Filter Pi t) 
is transferred to the central liquid Low-Level Waste Concentration 
System via the Tank WC-7 discharge line. 

Current waste in Building 3504 is generated from disposal of contam­
inated soil samples and from decontamination of equipment used in 
collecting soil samples. The tank discharge line will continue to 
receive condensate from the Evaporator Complex Building 2533 sump. 

• Tank WC-9 received LLLW from Building 3503. Building 3503 
originally was a high-level radiation engineering laboratory. The 
LLLW was generated by pilot plant studies. The tank also receives 
waste from the Hot Off-Gas Pot, which collects condensate from the 
off-gas pot and cell ventilation gaseous waste collection systems . 

Currently , WC-9 receives condensate from the Hot Off- Gas Pot. 

• Tank W-19 received LLLW produced from the regeneration of reactor 
pool and canal demineralizers at Buildings 3019, 3001, 3042, 3004, 
and 3010. Tank WC-19 also received condensate from off-gas HEPA 
filter pits associated with these reactors (Oak Ridge Research 
Reactor/Bulk Shielding Reactor). 

Although the reactors are not currently being operated, LLLW is 
produced from the regeneration of demineralizers at Buildings 3042 
and 3019. Since the Federal Facility Agreement has been signed, 
Tank WC-19 has continued to be used to process ion-exchange 
regenerant from the shutdown reactors. One reactor will be 
restarted in the near future . 

7.7 UNDERGROUND STORAGE TANK WASTE PHYSICAL DESCRIPTION 

This section describes the physical characteristics of the tank waste as 
determined by sampling campaigns for selected active and inactive USTs. Only 
43 of the 91 ORNL USTs examined in this report have known waste volumes. For 
a full listing of the tank waste volumes and masses, see Table 0-10. 
Figure 7-23 shows the relative percentage of waste ·volumes compared to 
operating capacity. 

7.7.1 Inactive Underground Storage Tanks 

As of February 1992, 33 inactive tanks have been sampled ; these tanks are 
listed in Table 7-13. Of the tanks sampled to date, 30 were found to contain 
residual liquid and 17 to contain sludge. The presence of sludge is dependent 
on pH and cation and anion content. No sludge was observed in tanks with a pH 
less than 5 (6 tanks), but all tanks with a pH greater than 9 {12 tanks) 
contained a sludge. Low dissolved solids were observed in most of the tanks 
with a pH between 5 and 9. Only one tank (7860-A) had a significant organic 
1 ayer. 
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Figure 7-23. Percent of Operating Capacity Filled with Waste. 
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7.7.2 Active Underground Storage Tanks 

Waste investigations of the active USTs have included collection of 
liquid and sludge samples from six of the Melton Valley storage tanks 
(Tanks W-24 through W-28 and W-31) and from two of the storage tanks at the 
evaporator service facility in Bethel Valley (Tanks W-21 and W-23). The 
supernatant liquids in Tanks W-29 and W-30 were also sampled and analyzed. 
The two remaining active storage tanks (Tanks C-1 and C-2) were not sampled 
because the tank design did not include sample access ports. Data for the 
Melton Valley storage tanks is current as of December 1990, and the evaporator 
service tank data is current as of January 1990. Table 7-14 presents the 
inventory of radioactive liquid wastes and sludges in the_ active storage tanks 
sampled to date. 

Generally, all of the liquid samples appeared to be single phase and 
ranged from pale to deep yellow with little if any turbidity. The sludges 
were not homogeneous and varied in consistency and color. The consistency of 
the soft sludges that had been sonicated ranged from "similar to mustard" to 
"like peanut butter with gritty particles." A "hard" sludge sample collected 
from Tank W-27 had the consistency of a hard mud and the appearance of 
concrete pieces mixed with mud or clay and was too stiff to sonicate. The 
hard sludge from Tank W-31 had the appearance of mud or clay with a little 
grit (Sears er al. 1990). 
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Table 7-13 . ORNL Inactive Tank Waste Volumes . 
Total Li quid Sludge 

Tank m3 gal m3 gal mj gal 
7860-A IO . SO 2,774 IO . SO 2,774 0 0 
7560 0. 00 0 0. 00 0 0 0 
7562 1.43 378 1.43 378 Trace Trace 
T-1 44 . 79 11,838 41 .80 11,047 2.99 791 
T-2 46.40 12,253 41 .80 11,048 4. 56 1, 205 
T-3 15.49 4,092 7.81 2,063 7.68 2,029 
T-4 40.40 10,669 35.40 9,341 5.03 1,328 
T-9 6. 70 1,771 4.88 1,290 1.82 481 
T-30 0 .15 40 0. 15 40 0.00 0 
TH-1 1.05 278 I.OS 278 0.00 0 
TH-3 0. 55 145 0. 55 145 0.00 0 
TH-4 50.30 13,297 26.40 6,982 23.90 6,315 

W-1-A 0.09 . 25 0.09 25 0.00 0 
W-1 4.59 1,213 4.59 1,213 0.00 0 
W-2 2.45 647 2.45 647 0.00 0 
W-3 129 . 62 34 , 123 121. 00 31,847 8.62 2, 276 
W-4 79. 70 · 21,044 64.60 17,062 15.10 3,982 
W-5 58.30 15,409 38.90 10,278 19.40 5, 131 
W- 6 311.00 82,175 292 .00 77 , 044 19 . 40 5,131 
W- 7 46 . 10 12,175 26 . 70 7, 044 19 .40 5, 131 
W- 8 117 .00 30,817 107 .00 28,244 9. 74 2, 57J 
W- 9 58.90 15,563 49.20 12,990 9. 74 2,573 

W-10 291.00 77,043 267.00 70,618 24.30 6,425 
W-11 3.63 959 3.40 897 0.23 62 
W-13 1.73 457 I. 73 457 0.00 0 
W-14 0.98 259 0.98 259 0.00 0 
W-15 2.51 664 2.51 664 0.00 0 
W-19 0.00 0 0.00 0 0.00 0 
W-20 0.00 0 0.00 0 0.00 0 

WC-17 1.40 370 1.40 370 Trace Trace 

Totals 1,327 . 23 349,765 1, 155 .32 304 ,332 171.91 45 , 433 
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Table 7-14. ORNL Active Tank Waste Volumes. 

Tank 
Total liquid Sludge 

m3 gal m3 gal m3 gal 
C-1 26.3 6,939 0.0 0 26.3 6,939 
C- 2 171.2 45,220 0.0 0 171.2 45,220 

W-21 83.7 22,100 60.6 16,000 23 .1 6,100 
W-22 75.7 20,000 75.7 20,000 0.0 0 
W-23 78 .4 20,700 16.7 4,400 61. 7 16,300 
W-24 179.5 47,400 129 . 5 34,200 50 .0 13,200 
W-25 179 .5 47,400 90 .9 24,000 88.6 23,400 
W-26 171.1 45,200 113 . 9 30,100 57.2 15,100 
W-27 177.5 46,900 110. 5 29,200 67.0 17,700 
W-28 179.4 47,400 165 .0 43,600 14.4 3,800 
W-29 178 . 7 47 , 200 178. 7 47,200 0.0 0 
W-30 178 .7 47,200 178.7 47,200 0.0 0 
W-31 174.1 46,000 149.9 39,600 24.2 6,400 
Total 1,853.8 489,659 1,270.1 335,500 583.7 154,159 

NOTE: Inventory in Melton Valley Storage Tanks as of 
December 1990; inventory in Tanks W-21 and W-23 as of 
January 1990; inventory in Tanks C-1, C-2, W-22, W-29 , 
and W-30) as of November 1, 1989. 

7.8 WASTE CHARACTERIZATION CAPABILITIES 

This section identifies those laboratory facilities currently capable of 
analyzing and characterizing tank waste samples. 

7.8. 1 Existing 

Presently, the laboratory facilities at Oak Ridge with capabilities of 
analyzing the tank waste samples include the High Radiation Level Analytical 
Laboratory (Building 2026), the Transuranium Laboratory (Building 7920), and 
the Chemical and Physical Analysis Laboratory (Building 4500S) . 

7.8.2 Planned 

In March 1990, an Analytical Laboratory Needs Assessment Team was formed . 
The team's objective is to ascertain the restructuring efforts and management 
considerations necessary to meet the total projected laboratory workload in 
order to observe all regulations and their asso

1
ci~ted

1 
t
1

imbetables . The_team'ds f_!~.,t_J_"~-.~,?1 
basic approach is to determine the present ana yt1ca a oratory capacity an .__:::;,.J 
capability and compare them with the projections of future analytical needs as 
evaluated by the laboratory users . The difference between the current 
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laboratory capability and the future analytical needs is the key to this 
assessment. This difference is currently being quantified 
(McMahon et al. 1991). 

As a part of this quantification, the current status of each of the 
analytical laboratories was determined through a study-team questionnaire sent 
to each plant laboratory. Plans for future laboratory capabilities will be 
based partly upon this information. 

7.9 UNDERGROUND STORAGE TANK WASTE CHEMICAL CHARACTERISTICS 

This section describes the general chemical compositions of the tank 
waste as determined from sampling campaigns for selected active and inactive 
USTs. Results of those sampling campaigns for both inactive and active tanks 
are listed in Tables 0-1 to 0-9. Chemical totals for individual tanks are 
listed in Table 0-11. 

7.9.1 Inactive Underground Storage Tanks 

The inactive tank chemical contents measurements included metals 
{uranium, silver, arsenic, barium, cadmium, chromium, mercury, nickel, lead, 
selenium, and thallium); and anions (chloride, fluoride, nitrate, phosphate, 
sulfate, cyanide, hydroxide, hydrogen ion, carbonate, and bicarbonate). 

For the most part, the distribution of the Resource Conservation and . 
Recovery Act of 1976 (RCRA) metals within liquid and sludge phases in the 
inactive waste tank was dependent first upon the pH and second upon the anion 
cont~nt of the liquid phase. The high levels of chromium, mercury, and lead 
observed in many of the inactive waste tanks is not surprising because of the 
various laboratory activities that were associated with the waste-tank system. 
For many years a common cleaner for glassware was a mixture of sulfuric acid 
and potassium dichromate, which was routinely flushed down the hot cell 
drains. Another common practice was the cleaning and decontamination of lead 
bricks and other forms of lead shielding. The use of mercury in electro­
chemical techniques and for other processes or activities would account for 
the levels of mercury observed. Although cadmium was present in most of the 
sludge samples, it was usually in amounts below the regulatory limits. Little 
or no cadmium was observed in most of the liquid phases analyzed, but the 
cadmium observed in the liquid phase of one tank (Tank W-1-A) was above the 
regulatory limit. · 

For basic waste tanks (pH> 9), much higher levels of RCRA metals were 
found in the sludge phase. Excluding the acidic tanks, the only EPA hazardous 
metals observed at significant levels in the liquid phases were chromium and 
mercury. Some of the acidic tanks also had elevated levels of lead and nickel 
in the liquid phase. 

Dissolved solids observed in the inactive tank samples ranged from 0. 1 to 
159 mg/ml, and suspended solids ranged from <0.1 to 11.3 mg/ml. Low dissolved 
solids were observed in most of the tanks with a pH between 5 and 9. 
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Density measurements ranged from 0.9982 to 1.1303 g/cm3 (8.315 to 
9.415 lb/gal) for the aqueous samples. For the only tank with a significant .,,~,m.\ 
organic layer (Tank 7860-A), the density of the organic samples ranged from ';,SJJ 
0.9088 to 0.9135 g/cm3 (7.57 to 7.61 lb/gal). 

The higher measurements for suspended solids, dissolved solids, and 
density were observed in Tank W-7. These high measurements probably result 
from the high level of uranium present in the liquid phase of Tank W-7. 

7.9.2 Active Underground Storage Tanks 

The active tank samples were analyzed for major chemical constituents, 
total organic carbon, metals listed as hazardous under the RCRA and general 
waste characteristics. Because of limited access into the tanks and the 
relatively high radiation levels of the waste, only one location in each tank 
was sampled. Full characterization of the wastes under RCRA is planned to be 
conducted when the wastes are processed for disposal and more representative 
samples can be collected. 

The liquid wastes in the storage tanks, except Tank W-21, are essentially 
high pH (typically 11 to 13), sodium/potassium nitrate salt solutions. The 
nitrate concentration varies from 3 to SM, with the average being about 4M. 
The waste solutions also contain about 0.08M chloride; five tank solutions 
contain dissolved carbonate. The concentrations of heavy metals 
(e.g., uranium, thorium, RCRA metals), as well as the iron and aluminum, are 
generally in the low parts per million range. 

Tank W-21 was found to be acidic when it was sampled during the study . 
This aqueous waste contained significantly higher levels of calcium, 
magnesium, and heavy metals than did waste in the other active tanks and was 
not in equilibrium with the interstitial liquid (pH of 7) in the sludge phase. 

The solid wastes (sludges) contain precipitated metals such as sodium, 
potassium, calcium, magnesium, uranium, and thorium. The sludges also contain 
low levels of aluminum and iron. 

The study included some preliminary screening tests for RCRA hazardous 
characteristics. The full RCRA characterization was not performed because of 
budget limitations. The liquid phases in eight tanks were corrosive and/or 
contained a toxic metal at a concentration high enough to classify the waste 
as RCRA hazardous. The classifications of the sludge samples are preliminary, 
based on the total metal contents obtained with a HN03 leach, and are not the 
extraction procedure toxicity or the toxicity characteristic leaching 
procedure results. All sludge samples exceeded the extraction procedure 
toxicity equivalent limits for mercury and lead and are potentially RCRA 
hazardous. That is, the metals content would result in the classification of 
the sample as RCRA hazardous if the sludge dissolved completely in the acetate 
buffer used in the regulatory test. Several sludge samples were also 
potentially RCRA hazardous with respect to chromium and cadmium. 

Selected samples from the waste tanks were analyzed for the EPA Target -~·-\ 
Compound List volatile and semivolatile organic compounds (Sears et al. 1990). :~ 
Very few target compound list compounds were found in the waste samples. 
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7e9.3 Waste Chemical Characterization Totals 

Using the information presented in Tables 0-1 through 0-9, an estimate of 
the total mass of the different chemical species for each tank with known 
waste volumes was calculated. The totals for each chemical spec i es and for 
all the active and inactive tanks examined are l i sted in Table 7-15. 

7.10 UNDERGROUND STORAGE TANK WASTE 
RADIOLOGICAL CHARACTERISTICS 

This section describes the general radiological characteristics of the 
tank waste samples. Table 0-12 gives a tank-by-tank listing of individual 
isotope totals. 

7.10.l Inactive Underground Storage Tanks 

The inactive tank sample ana]yses included measurements of the following 
radionuclides : 137Cs 60Co, 90Sr H, 233U 238U, 252Cf, 238Pu, 239Pu, 244Ce, 241 Am, 
134Cs , 22sTh, 232Th, 23tu, 1s2Eu , 1s~Eu, and i4c. 

In general, most of the alpha activity was found in the sludge of bas i c 
waste tanks, with little to no alpha activity observed in the basic liqu id 
phase. Low levels of alpha activity were observed in the acidic waste tanks, 
and one acidic tank (Tank W-13) approached the limits for classification as 

. .:>~~ TRU waste. The only TRU waste ident i fied was found in the waste tanks with 
~i:J sl udge. El even of the 17 tanks with sludge are cl assi fi ed as TRU waste . 

Of the beta-gamma emitters, the most abundant radionuc\ides observed were 137Cs and 90Sr with their associated short.:1 ived daughters, 1 7Ba and 90Y, 
respectively. Most of the beta activity observed in the liquid phase of the 
inactive waste tanks resulted from 137Cs, which was 1 to 2 magnitudes greater 
than the water-soluble 90Sr. The liquid-phase gamma activity was also caused 
by the 137Cs, which was usually several orders of magnitude greater than other 
water-soluble gamma emitters. With the exception of several of the more 
acidic liquid wastes, the gamma active europium isotopes were not observed in 
the liquid phase of the inactive tanks. When present, the europium isotopes 
were observed only in the sludge of basic tanks. 

7.10.2 Active Underground Storage Tanks 

The liquid samples had dose rates (field survey) on contact with the full 
25O-ml (8.4-oz) sample jars of 0.1 to 0.5 R/h, except for the samples from 
Tank W-26, which measured 1.2 R/h. Dose rates (field survey) for the wet 
sludge samples ranged from 1 to 2.8 R/h for a 25O-ml (8 .4-oz) sample . Dose 
rates of up to 50 R/h/g were observed for dried sludge samples . 

All of the compos i te sludge samples except the soft sludge in Tank W-31, 
were identified as TRU wastes. If the Tank W- 31 sludge were dried , then the 
solid residue would also be classified as TRU waste . 
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Table 7-15. Estimated ORNL Tank Chemical 
Mass Totals. 

Component 
Mass 

Percent 
kg lb 

CO ·l 
3 8,170 18,010 0.2 

Cl" 8,970 19,770 0.2 
F" 2,920 6,440 0 .1 
ow 1,480 3,260 0.0 
NO . 

3 337,200 743,400 9.0 
PO ·3 

4 9,160 20,200 0.2 . 
so ·2 

4 13,930 30,700 0.4 
Al 1,800 3,960 0.0 
Ba 97 213 0.0 
Ca 24,690 54,430 0.7 
Cr 211 466 0.0 
Fe 748 1,650 0.0 
Pb 267 588 0.0 
Mg 5,050 11,130 0 . 1 
Ni 51 113 0.0 
K 27,100 59,750 0.7 
Se 28 62 0.0 
Si 40 88 0.0 
Ag 10 22 0.0 
Na 144,700 318,900 3.9 
Organics 4,870 10,730 0 .1 
Others 655,900 1,446,000 17 . 5 
H20 2,503,000 5,519,000 66.7 

Totals 3,750,392 8,268,882 99.8 

In general, little or no alpha activity was observed in the basic liquid 
phases in the tanks. The liquid samples were all non-TRU solutions; their 
salt residues, if dried, would also be non-TRU. 

The most abundant beta-gamma emitters observed were 137Cs and 90sr and 
their short-1 ived daughters, 137Ba and 90Y, respectively. Gamma- active 
europium isotopes were observed in the sludges but were not detected in the 
liquid phase of any tanks that were basic. 
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7.10.3 Waste Radiological Characterization Totals 

Using the information presented in Tables 0-1 through 0-6 and 0-9, 
estimates of the total curies and masses of the different radioactive isotopes 
contained within each of the tanks with known waste volumes were calculated . 
The totals for each isotope for all the active and inactive tanks examined are 
listed in Table 7-16. 

Table 7-16. Estimated ORNL Tank 
Radionuclide Content. 

Radionuclide A~tivity 
(Ci) 

L)"Pu 103 
238pu 279 
23au 6 
235U 176 
233u 73 
144ce 214 
137cs 26,290 
90Sr 49,620 

Total 76,761 

7.11 FACILITIES FOR PROCESSING RETRIEVED 
TANK WASTE 

Mass 
kg lb 

5.00 11 
0.00 0 

17,480.00 38,530 
81,420 .00 179,500 

7.70 17 
0. 00 0 
a.so 1 
0.50 1 

98,913.70 218,060 

This section discusses the existing and planned facilities for processing 
stored waste . 

7.11.l Existing 

The Liquid Low-Level Waste Concentration System currently uses two liquid 
waste evaporators for volume reduction of the generated waste to minimize the 
required storage capacities for interim storage of the waste. 

7.11.2 Planned 

A Waste Handling and Packaging Plant is currently being planned and 
designed. It is anticipated that this facility will be operational by fiscal 
year 2000. This plant will receive waste prior to ultimate disposal. The 
LLLW Solidification Project is also being planned to increase the available 
storage capacity for the LLLW. The project will include campaigns to remove 
the supernate from the tanks and immobilize it in a cement matrix . 
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7.12 SOIL AND GROUNDWATER CONTAMINATION 

This section explains the general geological conditions surrounding the 
Oak Ridge site and also identifies those tanks that are known or suspected 
leakers or currently experiencing inleakage of ~urface or groundwater. 

7.12.1 Leak Detection 

A number of tanks have been identified as either leakers or tanks that 
receive inleakage of surface water or groundwater. These tanks are listed in 
Table 7-17. They are all inactive and are no longer receiving additional 
waste. 

Table 7-17. ORNL Tanks Identified as Leakers. 

Tank Status Tank Status 

W-1 Leaker WC-1 Leaker 

W-1-A Inleakage WC-6 Leaker 

W-2 Leaker WC-8 Leaker 

W-3 In leakage WC-11 · Leaker 

W-4 In leakage WC-12 Leaker 

W-5 Inleakage WC-13 Leaker 

W-6 Inleakage WC-13 Leaker 

W-7 In leakage WC-14 Leaker 

W-8 Inleakage WC-15 Leaker 

W-9 Inleakage WC-17 Leaker 

W-10 Inleakage W-17 Leaker 

W-11 . Leaker W-18 Leaker 
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8.0 SAVANNAH RIVER SITE, SOUTH CAROLINA 

This section provides a detailed description of the HLW storagi tanks at 
the SRS in Aiken, South Carolina. A general site description of the 
facilities, environmental conditions, fuel processing activit i es, and waste 
storage methods is provided. The information is based on referenced documents 
and interviews with SRS personnel . 

8.1 SAVANNAH RIVER SITE INTRODUCTION AND HISTORY 

The SRS was established in 1950 by the U.S. Atomic Energy Commission . 
Figure 8-1 shows the location of the SRS. 

Figure 8-1. SRS Location. 
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Major site facilities include five nuclear reactors, a fuel and target 
fabrication plant, a naval fuel materials facility, two chemical separations 
plants, the Defense Waste Processing Facility (DWPF), and the Savannah River 
Laboratory, which is a process development laboratory that supports production 
operations. Many other facilities necessary to support operations are located 
on the SRS, including the heavy water production plant. The heavy water 
production plant, located in the D Area, began operation in 1953 and was shut 
down in 1981. Of the five reactors at the SRS, three reactors were operating 
in 1988. The K Reactor operated from January 1 to April 10, 1988; the 
P Reactor operated from January to April and 10 days in August 1988; and the 
L Reactor began operation January 1, 1988. A fourth reactor, the C Reactor, 
operated until 1986, when it was shut down for repairs. The fifth reactor, 
the R Reactor, was permanently shut down in 1964. 

The SRS has had two primary operations contractors since the start of 
operation in 1950. The first was the E. I. duPont de Nemours & Company, which 
operated there from August 1950 to March 31, 1989. On April 1, 1989, the 
second contractor, the Westinghouse Savannah River Company assumed 
responsibility as the prime contractor for the SRS. Other current site 
contractors include the Savannah River Ecology Laboratory, which is operated 
by the University of Georgia and handles both basic and applied research, and 
Bechtel Savannah River Company, which handles onsite construction activities. 

8.2 SAVANNAH RIVER SITE DESCRIPTION 

The SRS is located in south-central South Carolina and occupies an almost 
circular area of approximately 842 km (325 mi 2

). The major geophysical 
feature is the Savannah River, which forms the southwestern boundary of the 
site and is also the South Carolina-Georgia border. The SRS occupies parts of 
three South Carolina counties: Aiken, Barnwell, and Allendale Counties. The 
closest major population centers are Augusta, Georgia and Aiken, South 
Carolina. The SRS is a controlled area with limited public access. The 
production facilities occupy less than 8% of the SRS area. 

The local topography is characterized by gently rolling, forested hills . 
Approximately 80% of the site is forested and 20% is wetlands. In general, 
terrain elevations decrease gradually from the Appalachian foothills northwest 
of the site toward the Atlantic coastal plain to the southeast. The local SRS 
terrain elevations also decrease gradually toward the Savannah River, which 
runs along the southwestern boundary of the SRS. Elevations at the SRS range 
from 30 to about 121 m (100 to about 400 ft) above sea level. Figure 8-2 is a 
site diagram showing SRS boundaries, area locations, and roads. Site railroad 
trackage is shown in Figure 8-3. 

The SRS comprises 18 production, service, and research and development 
areas scattered across the site. Each area is identified by a numerical and 
letter designation. 

The primary facilities are the production areas. The fuel and target 
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components are manufactured in the 300-M Area and then are shipped to the site .-,~ 
reactors. The targets and fuel are placed in heavy-water-moderated production f:~ 
reactors for irradiation. Originally, the site operated five reactors. ~ 
Currently, two of the reactors, located in the 100-K and 100-L Areas, are 
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Figure 8-2. SRS Map. 
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Figure 8-3. SRS Railroad Trackage . 
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(ff~ being prepared for possible operation. Two other reactors, located in the 
{;{f~, 100-P and 100-C Areas, are in cold standby. The fifth reactor, located in the 
~~ R Area, is in a permanent shutdown status. The SRS reactors operated at 

relatively low temperatures and pressures and have not been used for the dual 
purpose of generating electricity. The reactors are cooled by a heavy-water 
moderator. The heavy water is then ci rculated through heat exchangers in a 
closed l oop . Inside the heat exchangers, water withdrawn from the Savannah 
River and ons i te cooling reservoirs is used to remove heat from the heavy 
water without contacting it. The heavy water is then recirculated through the 
reactor vessel, and river water is released through an outfall to onsite 
streams or cooling ponds before returning to the river. 

The irradiated fuel is transported by shielded railroad cars to either 
the 200-F or -H Area canyons for the recovery of nuclear materials. The 
200-F Area Tank Farm is shown in Figure 8-4, and the 200-H Area Tank Farm is 
shown in Figure 8-5. The 200-F and -H separations processes dissolve part of 
the irradiated components in acid and extract and separate the desired nuclear 
materials. This is done using the PUREX process that was discussed in 
Section 4 . S.4. Other products are extracted from irradiated components in 
separate processes in the 200-H Area, resulting in a slightly higher 
h\dioa~ive lev1] for the area waste. Recovery and purification of 239Pu, 

Pu, U, and 5U take pl ace in these two areas. 

The liquid radioactive waste generated by the separation facilities is 
neutralized and stored in USTs until it can be processed in the DWPF, 
currently under construction in the 200-S and -Z Areas. High- and low-level 

$~ components of the tank waste will be separated for di fferent disposal methods . 
-,__1!E.:P High-level waste will be processed into a glass waste form for disposal in the 

federal geological repository when it becomes available. Until then the glass 
"logs" will ·be stored onsite. Low-level waste will be combined with a 
specially formulated cement to form saltstone, which will be stored in vaults 
at SRS. The nuclear material products are shipped to other DOE facilities for 
additional processing. 

In addition to the USTs, the SRS has a centrally located 0.79-km2 

(196-acre} site between the 200-F and -H Areas for the disposal of solid LLW 
and the storage of TRU and mixed waste. The site also has storage buildings 
for nonradioactive hazardous wastes and mixed wastes located in the Central 
Shops and U Areas along with a central sanitary landfill. 

The SRS also contains many production support, research and development, 
and waste management facilities. There are three pperational coal-fired 
powerhouses located in the A, D, and H Areas. The powerhouses generate 
electricity and steam. The largest powerhouse, which is located in the 
400-0 Area, produces electricity and exports process steam to the C, F, H, and 
S Areas through an 11-km (7-mi} long steamline. The heavy-water rework 
facility used to purify the reactor moderator is also located in the D Area . 
A semi-works facility used to study chemical and waste processing problems and 
to test production-scale equipment is located in the 600-T Area. The 
700-A Area includes the administrative facilities for the DOE and Westinghouse 
Savannah River Company and other contractors. 
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200- F Area Tank Farm . 
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Figure 8-5. 200-H Area Tank Farm. 
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8.3 AMBIENT WEATHER AND CLIMATE CONDITIONS 

This section describes the climatic conditions at the SRS. The 
information is from A C1imato7ogica7 Description of the Savannah River Site 
(Hunter 1990). 

8.3.1 Climate 

The climate of the southeastern United States, including the SRS area, is 
classified as humid subtropical. This climate is characterized by relatively 
short, mild winters and long, warm, and humid summers. 

Sunvner weather usually lasts from Hay through September, when the area is 
strongly influenced by the western extension of the semipermanent Atlantic 
subtropical anticyclone (the "Bermuda High" pressure system). Winds are 
relatively light, and weather associated with migratory low-pressure systems 
and fronts usually remains well to the north of the area . The "Bermuda High" 
is a relatively persistent feature , resul t ing in few breaks in the summer 
heat o Daytime temperatures are frequently above 32 °C (90 °F), and 
temperatures of 38 °C (100 °F) or greater occur once per year on the average. 
The relatively hot and humid conditions often result in scattered afternoon 
and evening thunderstorms. 

The influence of the "Bermuda High" begins to diminish during the fall , 
resulting in relatively dry weather and moderate temperatures. Fall days are 

@ 1 frequently characterized by cool, clear mornings and warm, sunny afternoons . 
~!:Jf~V 

f;l-!i!:~ 
~t-.,'-3_'b':;: 

During the winter, low pressure systems and associated fronts frequently 
affect the weather of the SRS area. Conditions often alternate between warm, 
moist subtropical air from the Gulf of Mexico region and cool , dry polar air. 
The Appalachian Mountains to the north and northwest of the SRS moderate the 
extremely cold temperatures associated with occas ional outbreaks of arctic 
air . Consequently, less than one-third of all winter days have temperatures 
bel ow freezing and temperatures below -6.7 °C (20 °F) occur infrequently . 
Frozen precipitation occurs less than once per year on the average. 

8.3.2 Precipitation 

Annual average precipitation is 122 cm (48.2 in.) for the SRS and 109 cm 
{43.1 in.) for Augusta. Precipitation is fairly well distributed throughout 
the year. Average precipitation during the fall months (September, October, 
and November) is slightly less than average for the other seasons, accounting 
for about 18% of the average annual total. For Augusta, precipitation totals 
greater than 0.03 cm (0.01 in) occur on an average of 107 days per year . The 
number of days per month with measurable precipitation range from an average 
of about 6 days in October to about 12 days in July . 

Monthly precipitation extremes for Augusta varied from a high of 30.2 cm 
(11.9 in), recorded in March 1990, to a trace, observed in October 1959 . The 
greatest observed rainfall for a 24-h period was 15 .2 cm (5.98 in . ) in 
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August 1964. Hourly observations from Augusta indicate that rainfall rates 
are usually less than 1.3 cm/h {0.5 in./h), although rates greater than this C_:_; .. ~.) __ ·_:,;_·_:_:,~_-: 

can be expected during spring and sunvner thunderstorms. -

Winter storms that produce accumulations of ice or snow are rare. 
Snowfalls of 2.5 cm {l in.) or greater occur once every 5 yr on the average. 
Furthermore, any accumulation of snow rarely lasts longer than 3 days. The 
average annual snowfall is 3 cm {1.2 in.)/yr and the average number of days 
per year with snow is 0.5. Significant snowfalls generally occur in -February. 
For the reported period of record (1951 to 1986), snow was observed in each of 
the months from November through March. 

Over 50% of the average annual total thunderstorms occur during the 
months of June, July, and August. The occurrence of thunderstorms is least 
frequent during the months of October through January, with an average 
occurrence of about 1 day/month. 

8.3.3 Winds 

The observed wind directions at all locations are fairly well distributed 
among the 16 wind direction sectors. Winds from the northeast, 
east-northeast, and south-southeast clockwise through the west-northwest 
sectors occur with relatively high frequencies (generally 7% to 10% of the 
time). Small differences in the actual occurrence fr-equencies among each 
tower's data set are believed to result primarily from nonconcurrent periods 
of unavailable data during the 5-yr period of record. 

The hourly average wind speeds of less than 7.3 km/h {4.5 mi/h) generally 
occurred during approximately 10% of the hours recorded. For about half of 
the hours, wind speeds were less than 14.5 km/h {9 mi/h). During the 1975 to 
1979 period, the average speed was greatest during the winter season, 
13.1 km/h (8.1 mi/h), and least during the sunrner season, 10.2 km/h 
(6.3 mi/h). The highest monthly average wind speed occurred in March--
13.1 km/h (8.1 mi/h), and the lowest monthly average wind speed occurred in 
August and September--9.0 km/h (5.6 mi/h). Augusta wind data were collected 
at 6.1 m (20 ft) above ground during this period. 

Since operations began at the SRS, there have been six confirmed tornado 
occurrences on or in close proximity to the site: (1) late June 1952; 
(2) May 28, 1976; (3) July 2, 1976; (4) April 23, 1983; (5) August 26, 1985; 
and (6) October 1, 1989. On all occasions, o~ly light to moderate damage was 
reported; however, none of this damage was to onsite production facilities. 
Investigations of tornadoes occurring near SRS in 1975 and 1976 indicated that 
maximum wind speeds were between 161 and 282 km/h (100 and 175 mi/h). 

A total of 36 hurricanes have caused damage in South Carolina over the 
past 290 yr (1700 to 1989). The average frequency of hurricanes in the state 
is once every 8 yr; however, the observed interval between hurricane 
occurrences has ranged from 2 months to 27 yr. Eighty percent have occurred 
in August and September. 

Because the SRS is approximately 161 km (100 mi) inland, winds associated 'i~ 
with tropical weather systems can usually be expected to have diminished below 
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hurricane force (sustained speeds of 121 km/h [75 mi/h] or greater) . Winds 
associated with hurricane Gracie, which passed to the north of the SRS on 
September 29, 1959, were measured as high as 121 km/h (75 mi/h) on an 
anemometer located in the F Area. No other hurricane force wind has been 
measured on the site. Extreme rainfall and tornadoes, which frequently 
accompany tropical weather systems, will usually have the most significant 
hurricane-related impact on SRS operations. 

8.3.4 Temperature 

At the SRS, the annual average temperature is 17.8 °C (64 °F). July is 
the warmest month, with an average high temperature of 33.1 °C {91.5 °F) and 
an average low of 21 °C (70.5 °F). January is the coldest month, with an 
average high temperature of 12.8 °C (55 °F) and an average low temperature of 
1. 7 •c (35 °F). Observed temperature extremes for SRS range from 41.7 °C to 
-19 . 4 •c (107 °F to -3 °F). Average and extreme temperatures for Augusta 
differ little from the SRS data. 

Prolonged periods of cold weather seldom occur. Daytime high 
temperatures during the winter months are rarely less than O °C {32 °F) . 
Conversely, high .temperatures in the summer months are greater than 32.2 °C 
(90 °F) on more than half of all days. 

8.3. 5 Humidity 

The average relative humidities for the SRS are greatest during the 
surrvner months and lowest during the spring months. The average daily relative 
humidity is about 90% in the early morning and around 43% in the afternoon. 

Heavy fog, defined as fog that reduces visibility to less than 0.4 km 
(0 . 25 mi), occurred at Augusta on an average of about 28 days/yr during the 
period of 1951 through 1986. Monthly occurrence frequencies ranged from an 
average of about 3 days/month during the fall and winter months to slightly 
more than 1 day/month during the spring and summer months. The heavy fog 
observed at Augusta is often due to the proximity of the Savannah River. The 
frequency of naturally occurring fog at most of the SRS production areas would 
be expected to be less than that at Augusta because these facilities are 
located higher above river elevation than the Augusta weather station. 

8.4 GEOLOGICAL AND HYDROLOGICAL CONDITIONS 

The SRS lies mostly on the Aiken Plateau. The Aiken Plateau is bounded 
by the Savannah and Congaree rivers and slopes from an elevation of 198 m 
(650 ft) at the Fall Line to an elevation of approximately 76 m (250 ft} . All 
elevations are based on mean sea level. The surface of the Ai ken Plateau is 
highly dissected and is characterized by broad, interfluvial areas with 
narrow, steep-sided valleys. Relief is locally as much as 91 m (300 ft) . The 
plateau is generally well drained although small, poorly drained depressions 
occur. The area is underlain .by a wedge of seaward-dipping unconsolidated and 
semiconsolidated sediments. 
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Recent studies have found that the sediments mapped as Tuscaloosa at the 
SRS are geologically younger than the Tuscaloosa-type section in Alabama. The 
term, Tuscaloosa Formation, was retained, but "Tuscalloosa" is placed within 
quotation marks to indicate that it was used as a hydrostratigraphic term and 
not as a formal stratigraphic term. (Gordon et al. 1987) 

The geological cross section of the SRS can be seen in Figure 8-6. The 
water table at the SRS ranges from 9.1 to 12.1 m (30 to 40 ft). This places 
it around the bottom concrete foundation of the USTs. As the water table 
level fluctuates, water will be "perched" on the concrete base slab on which 
t~e tanks are constructed. This can cause problems for leak monitoring and 
containment. 

8.5 PROCESS HISTORY 

Waste stored in the USTs was generated from a PUREX process. SRS has . two 
process areas and canyons, F and H, that use this process. The F Area canyon 
was used for the recovery of plutonium, and the H Area was used to recover 
highly enriched uranium from reprocessed spent fuel. The enriched uranium was 
used to drive the SRS tritium production reactors. This process was suspended 
in 1989 for environmental reasons. 

As was discussed in Section 4.5.4, the PUREX process is an advanced 
solvent extraction process that uses a tributyl phosphate in kerosene solvent 
for recovering uranium and plutonium from HN03 solutions of irradiated 
uranium. It is the process generally used worldwide for recovering uranium 
and plutonium. Nitric acid is used instead of metallic nitrates 
(e.g., aluminum nitrate) to promote the extraction of ur~nium and plutonium 
from an aqueous phase to an organic phase. Most of the HN03 in the waste was 
recovered by distillation and reused. The waste, containing residual HN03 , 

was neutralized and stored in USTs. 

8. 5. 1 Waste Concentration 

Each waste tank farm (F and H} has two single-stage, bent-tube 
evaporators that are used to concentrate alkaline waste following receipt from 
the process canyons. Waste that is higher in radioactivity is segregated and 
allowed to age before evaporation. The aging allows separation of the sludge 
and supernate and also allows the shorter-lived radionuclides to decay to 
acceptable levels. Alkaline waste is also being segregated into low ruthenium 
waste and high ruthenium waste for processing in the DWFP. The 242-F, 
242-16F, and the 242-16H evaporator systems process the low ruthenium waste; 
and the 242-H evaporator system processes high ruthenium waste. Radioactive 
waste, as received and stored in the tank farms, can be reduced .to about 20% 
to 25% of its original volume and -inrnobilized as crystallized salt (salt cake} 
by successive evaporations of the liquid supernate. Such dewatering 
operations have been carried on routinely in the F Area since 1960 and in the 
H Area since 1963. Since the first evaporator facilities began operations in 
1960, more than 373,100 m3 (98.5 Mgal} of space has been reclaimed. In the 
future, this concentration process will be supplemented with the DWPF for 
vitrification of HLW and conversion of LLW to saltstone. 
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8.6 UNDERGROUND STORAGE TANKS PHYSICAL CHARACTERISTICS 

There are 51 large USTs on the SRS. The USTs can be categorized into 
4 types and are identified numericalll from 1 to 51. The combined capacity of 
all 51 of the SRS's USTs is 221,900 m (58.6 Mgal). The tanks are divided 
into two tank farms, F and H, the same as their respective areas. Ten of the 
tanks are known to have leak sites in their primary liners. It has been 
observed that the leaks through the inner steel liner tend to be self-healing. 
The leak holes will crust over with salt as the leaking liquid dries. Another 
six tanks have been modified for use in waste processing of the feed for the 
vitrification plant. One tank is always kept empty (Tank 46-F) as an 
emergency spare (DOE-SR 1989). 

Installation of each group of tanks was preceded by drilling exploration 
wells to determine the type of soil, load-bearing capacity, presence of 
cavities, and profile of the water table. Holes were drilled to a depth of at 
least 45.4 m (150 ft), one at the center of each proposed tank position. In 
1951 and 1952, during soil explorations of the sites chosen for Type A tanks, 
some cavities and soft spots were found and grouted. Soil explorations for 
subsequent tank installations revealed some deep cavities extensive enough to 
require grouting (DOE-SR 1989). 

A 10.2- to 15.2-cm (4- to 6-in.) concrete working slab was first laid 
completely over the bottom of the multiple-tank excavation. On this 
foundation, individual base slabs were constructed for the support of each 
tank. 

. The cooled waste tanks (Types A, B, and D) have heavy concrete structures 
with large columns to support their radiation-shield roofs. When in use, the 
tanks receive sizable thermal stresses in the base slab. Consequently, the 
tanks were set on reinforced concrete bases with thicknesses varying from 
76.2 cm (30 in.) for Type A tanks to 107 cm (42 in.) for Type Band D tanks. 
Footings under center columns in Type II and III tanks are as thick as 163 cm 
(64 in.). All of these tanks have dual steel liners; a primary liner that 
extends to cover the top of the tank and a secondary carbon steel pan. This 
outer liner extends 1.5 m (5 ft) up the side wall for the Type A and B tanks 
and completely to the top of the side wall for the Type D tanks (DOE-SR 1989). 

Because of the domed construction of the roof, the uncooled tanks 
(Type C) are of lighter construction and have no roof support columns. They 
have a 10.2-cm- (4-in.-) thick reinforced concrete base slab with a 7.5-cm­
(3-in.-) thick cement cover. Also included is a 33.0-cm- (13-in.-) thick 
reinforced concrete perimeter footing to carry the weight of the tank wall, 
roof, and soil cover (DOE-SR 1989). 

All of the SRS tanks have numerous riser penetrations into the interior 
of the tank and the annulus between the two steel liners for Types A, 8, 
and O. They are usually plugged with concrete or lead plugs. 

8.6.1 Type A Double-Shell Tanks 

The Type A tanks are the original 12 storage tanks constructed during 
1951 and 1953. They are known locally as Type I tanks.• Tanks 1 through 8 
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~ were placed in the F Area, and Tanks 9 through 12 are ]ocated in the H Area. 
~J_,.t,~_~_>_:~_J The primary liner has an operating capacity of 2,730 m (0.72 Hgal) with a 
~ maximum capacity of 2,840 m3 (0 . 75 Mgal). The inner diameter of the primary 

liner is 23 m (75 ft) and the height is 7.5 m (24.5 ft). Figure 8-7 shows the 
Type A tanks, including the primary liner, the secondary pan, and the concrete 
support structure. 

Figure 8-7. Savannah River Type A Double-Shell Tank. 
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2 Places 
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Slab and Tanlc 
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The primary liner is a closed cylinder with a flat top and bottom 
constructed from 1.3-cm- (0.5-in.-) thick carbon steel plate . The top and 
bottom are joined to the cylindrical side wall by curved knuckle plates . The 
primary liner is set in a cylindrical pan of 1.3-cm- (0 .5-in.-) thick carbon 
steel plate. It is 1.5 m (5 ft) deep, and 1.5 m (5 ft) larger than the 
primary liner diameter . This secondary liner, t _he pan, provides a 0.76-m­
(2 .5-ft-) wide intervening annulus . The assembly of the primary and secondary 
liners is surrounded by a cylindrical reinforced-concrete enclosure with a 
flat concrete roof and foundation slab. Twelve concrete columns were 
installed within the primary liner to support the flat concrete roof. They 
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are each 0.61 m (2 ft) in diameter with flared capitals and were encased in 
1.3-cm (0.5-in.) carbon steel plate. The concrete wall and roof are 56 cm 
(22 in.) thick. The base slab is 0.76 m (2.5 ft) thick. These tanks are 
covered by 2.7 m (9 ft) of soil for shielding. The tanks are also equipped 
with 36 parallel cooling water coils that are suspended from the ceiling 
inside the primary liner. 

In the F Area, where the water table is relatively low, standard 
waterproofing was applied to the exterior of the concrete encasement. An 
additional brick encasement with a poured asphaltic inner layer was used in 
the H Area where the water table sometimes rises above the tank bottoms . 

All welds in the pan and primary tank were radiographically inspected, 
defects were corrected, and the welds were rechecked. The welds in the flat 
bottoms of both the pan and the primary liner were vacuum-tested for leaks. 
Additionally, the tank as a whole was hydrostatically tested. The water was 
maintained at full height in the tank for 24 h before being inspected for 
leaks. Cooling coils were hydrostatically tested using 20.7-bar (300-psig) 
water and then were leak-tested using 6.89-bar (100-psig) air pressure in the 
piping. 

8.6.2 Type B Double-Shell Tanks 

Tanks 13 through 16 were constructed from 1955 to 1966 in the SRS H Area 
and are designated Type B tanks. They are known locally as Type II tanks . 
They are the second-generation design and are shown in Figure 8-8. These f~) 
tanks have an operating capacity of 3,900 m (1.03 Mgal). The primary 1 iner ":: -:'11 

has a diameter of 25.9 m (85 ft) and a height of 8.2 m (27 ft). 

Type B tanks have a single central roof-supported column instead of 
multiple columns. The top and bottom of the steel primary container were 
jointed to the outer cylinder by curved knuckle plates. The primary liner is 
flared at the top to acco111nodate the roof-support column. This liner is 
joined to the .flat steel top with a continuous butt weld and to a base plate 
fastened to the bottom with a continuous "T" weld. Steel plates used in the 
construction of the tank are of the following thicknesses: 

• Top and bottom 

• Upper knuckle 

• Wall 

• Lower knuckle 

1. 27 cm {0.50 in.) 

1. 43 cm {0.56 in.) 

1.27 cm {0.50 in.) 

2.22 cm (0.88 in.). 

The primary liner was set on a 2.54-cm (1-in.) sand bed within a circular 
secondary liner {pan) of 1.27-cm {0.5-in.) carbon steel plate . The secondary 
liner is 1.52 m {5 ft) larger in diameter then the primary liner and extends 
1.52 m (5 ft) up the concrete side walls. This provides for a 0.76-m (2.5-ft) 
annular space between the two liners. The secondary liner sits on two 
2. 54-cm- ( 1-i n. - ) thick grout 1 ayers between the 1 i ner and the base s 1 ab . The {_Etj 
primary and secondary liners were encased in a reinforced concrete shell. The -
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Figure 8-8 . Savannah River Type B Double- Shell Tank . 
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walls are 83.8 cm (33 in.) thick, and the top and bottom shells are 114 and 
107 cm (45 and 42 in.) thick, respectively. The top of the tank is flush with 
the ground. The tanks were placed above the highest expected elevation of the 
water table, so only standard waterproofing was applied. However, the actual 
water table has been observed as high as 2.42 m (8 ft) above the bottom of the 
tanks. Waste cooling is provided for each Type B tank by 44 parallel cooling 
water coils suspended from the roof. A condenser, filter, and blower are 
installed in the tank ventilation system. 

All welds in the primary liners were radiographically inspected . The 
defects were corrected and then rechecked radiographically. The secondary 
liners were not i nspected radiographically. The welds in the flat bottoms of 
the secondary and primary liners were vacuum-tested for leaks, and the tank as 
a whole was hydrostaticall y tested. Cooling water piping was hydrostatically 
tested using 20.9-bar (300-psi) water and then leak-tested, using soap 
solution, with 7.0-bar (100-psi) air pressure in the piping. 

The top openings into the tanks and annular spaces are similar to those 
in the Type I tanks and are used for either instrumentation or for ventilation 
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system connections . Additional 20.3-cm (8-in.) annulus access ports have been ~-~ 
dri 11 ed through the roof of each Type I I tank to permit survei 11 ance of most •"'~ 
of the outer primary liner wa 11 . ·,>t.,;;1 

All four Type B tanks have developed stress corrosion cracks in the 
primary vessels, allowing some waste to seep into the secondary pans under the 
primary liners. One of these tanks (Tank 16) overflowed its secondary pan and 
leaked liquid waste to the surrounding soil. It is the only recorded tank at 
the SRS that has leaked to the surrounding environment. 

8.6.3 Type C Single-Shell Tanks 

There are eight Type C tanks, four in each of the F and H Areas. They 
are known locally as Type IV tanks. The Type IV designation was applied to 
the uncooled tanks many years after their construction and is not intended to 
denote a chronological sequence of design and/or construction. The F Area 
contains Type C Tanks 17 through 20, which were built in 1958. The H Area 
contains Type C Tanks 21 through 24, which were built from 1959 to 1961 . 
These tanks are of a different design than the described Type A, B, and D 
tanks. Type C tanks have a single steel liner and do not contain cooling 
coils. They were designed for storage of waste that does not require 
auxiliary cooling. Each tank has an operating capacity of 4,920 m3 

(1.3 Mgal), has an inner diameter of 25 .8 m (85 ft), and is 10.3 m (34 ft} 
high at the side walls. The Type C tanks are shown in Figure 8-9. 

· Each Type C tank is basically a steel-lined, prestressed, concrete tank 
in the form of a vertical cylinder with a domed roof. The carbon steel 
plates, 0.95 cm (0.38 in.} thick, were used to form the cylindrical sides and 
flat bottom portions of the steel liners. The knuckle plates at the juncture 
of the bottom and the side wall are 1.11 cm (0.44 in.} thick. Concrete was 
built up around the steel vessel by the "shotcrete" technique, a pneumatic 
method of application in which a thick semi-fluid mixture is blown through a 
nozzle to form a built-up structure. A dense, high-strength concrete is 
formed which enhances the load-carrying capability of the wall. No secondary 
steel pan was provided for these tanks. The wall was prestressed by embedding 
girths of steel under tension in the outer layers of the wall, thereby 
applying a compressive force to the inner layers and to the steel liner. When 
a tank built in this manner is filled, the outward pressure of the contained 
fluid offsets, approximately, the compressive prestresses in the inner layers 
of the concrete. In effect, the concrete wall becomes a structure with 
negligible internal circumferential stresses, and the burden of the tank's 
contents is transferred to the steel bands near the outer surface of the 
concrete. 

All welds in the steel liners were x-rayed. All of the welded tank­
bottom seams and the upper seams of the knuckle rings were vacuum leak tested. 
Each tank was hydrostatically tested by filling it with water to the normal 
fill line before the backfilling operation. Then the tanks were allow~d to 
remain filled until placed in use for waste storage. 
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Figure 8-9. Savannah River Type C Single-Shell Tank . 
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Leak detection for the bottoms of these tanks is provided by a grid of 
channels in the concrete foundations that drain to a sump outside the 
periphery of the tank wall. A 10.2-cm (4-in.) pipe rises to the ground level 
from the sump to allow for liquid level measurement, sampling, and pumpout of 
collected fluid. To detect gross leakage through the sidewalls, an additional 
leak detection feature was provided for the H Area tanks in the form of a 
circumferential open-topped drainage channel, filled with crushed stone, 
outside the concrete tank wall adjacent to the wall foundation. Two vertical 
pipes, on opposite sides of the individual tanks, were installed down to the 
channel to provide a means for detecting leakage, should any come through the 
tank wall and drain into the gutter. Unfortunately the gutters are submerged 
in groundwater "perched" above the concrete working pad around the tank bases; 
this groundwater hi nders the sensitivity of the system. 

Radiation sh i elding of the Type C tanks in the F Area was accomplished by 
applying at least 81.3 cm (32 in.) of earth over each of the 17 .3- cm- (7-in .- ) 
thick concrete domes. The H Area tanks were shielded similarly, except that 
the earth cover was at least 112 cm (44 in.) thick to accommodate a somewhat 
higher radiation level from the waste. 
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The Type C tanks are connected so that a single exhaust system provides 
interior purge through pairs of tanks. However, there is a valve between the ·@ 
pairs of tanks so that the system can be operated independently by connecting 
a portable filter system to any of the tanks. The original exhaust filter 
housings were packed with fiberglass mattering in layers of various densities. 
The HEPA filters have been substituted in the exhaust of four Type IV tanks 
(Tanks 19, 20, 22, and 24). All tanks have forced negative exhaust 
ventilation. 

8.6.4 Type D Double-Shell Tanks 

The tanks constructed most recently were designated Type D tanks. They 
are known locally as Type III tanks. Twenty-seven Type D tanks have been 
completed and are in use. These tanks have been built ir both the Hand the 
F Areas. Each tank has an operating capacity of 4,920 m (1.3 Mgal) and the 
primary liner has a diameter of 25.8 m (85 ft) and a height of 10 .m (33 ft). 
Table 8-1 outlines Type D tank locations and construction dates. 

Table 8-1. SRS Type D Underground Storage Tank 
Construction History. 

F Area H Area 
Tank Construction Tank Construction 

33-34 1969 to 1972 29-32 1967 to 1970 
25-28 1980 35-37 1977 
44-47 1980 to 1982 38-43 1980 to 1982 

48-51 1980 to 1982 

In 1965 the Type D tank design was developed after an investigation of 
leaks from Type A and B primary tank liners. These leaks have ranged widely 
in magnitude and have affected five Type A and four Type B tanks. The 
conclusions of the study were that the primary leak producing mechanisms were 
stress corrosion cracking at sites in or near the weld seams, and that stress 
relieving after fabrication should eliminate the cracking. For the Type B 
tanks, means were provided for heating each finished steel primary liner to 
relieve the stresses generated during fabrication. In addition, some stress 
patterns were avoided or minimized by mounting the roof supporting column on 
the concrete foundation pad instead of on top of the primary liner. There is 
also an annular clearance between the supporting column and the surrounding 
primary steel liner. This modern design is shown in Figure 8-10. 

Each primary liner for the Type D tanks is made of two concentric 
cylinders joined to washer-shaped top and bottom plates by curved knuckle 
plates. Plate thicknesses are listed in Table 8-2. 
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Figure 8-10. Savannah River Type D Double-Shell Tank . 
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Table 8-2. SRS Type D Underground Storage Tank 
Plate Thicknesses. 

Plate 
Thickness 

cm in. 
Top, bottom, and upper knuckle 1.3 0.500 
Inner wall, upper band 1.3 0.500 
Inner wall, lower band 1.6 0.625 
Outer wall, upper band 1.3 0.500 
Outer wall, middle band 1.6 0.625 
Outer wall, lower band 1.9 0.750 
Lower knuckle, outer (29 - 32) 2.5 1.000 
Lower knuckle, outer 2.2 0.875 

( a 11 other II I) 
Lower knuckle, inner 1.3 0.500 

-
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The Type III tanks were made from the following three types of carbon 
steel: 

• Tanks 29-32 and 33-34 

• Tanks 25-28, 35-37, and 44-47 

• Tanks 38-43 and 48-51 

ASTM A516-Grade 70 
hot-rolled steel 

ASTM A516-Grade 70 
normalized steel 

ASTM A537-Class I. 

All three steels are essentially the same composition. The normalized 
heat treatment (analogous to annealing) optimizes notch toughness and hence 
increases resistance to brittle fracture. The ASTM A537-Class I is normalized 
steel also and has lower maximum concentrations for several common impurities. 

The primary liner sits on a 15.2-cm (6-in.) bed of insulating concrete 
within the secondary liner. The concrete bed is grooved radially so that 
ventilating air can flow from the inner annulus (around the supporting column) 
and the outer annulus (between the primary and secondary liners). Any liquid 
leaking from the tank bottom or center annulus wall would move through the 
slots and would be detected at the outer annulus. 

The secondary liner is 1.5 m (5 ft) larger in diameter than the primary 
vessel, providing an annular space of 0.76 m (2.5 ft). The secondary liner is 
mha~ehotf Of. 9t5h-cm ~O. 38-

1
i ~.) steTehl throtugho

1 
~t and its s idewadl l ds rbi se to

1 
~hde !'ul 1

1 
~-·_; __ ~.--'_•_>:_·:,:_~----~-.~-~.·-~,.] e1g o e primary 1ner. ese wo 1ners are surroun e ya cy 1n r1ca . -

reinforced concrete enclosure with 76.2-cm- (30-in.-) thick walls. The 
enclosure has a 122-cm (48-ih.), flat, reinforced concrete roof, which is 
supported by the concrete wall and the central column, which is located within 
the inner cylinder of the secondary liner. The base slab is 107 to 163 cm 
(42 to 64 in.) thick. · 

The tanks in the H Area were built above the natural grade and surrounded 
with mounded earth because of the high water table. A lower water table in 
the F Area permitted installation of these tanks with their tops flush with 
the natural grade. Because the tanks are above predicted water tables; only 
standard waterproofing was applied to the concrete enclosures. The highest 
measured water table was at least 0.91 m (3 ft) below the Type D tank bottoms. 

All butt welds on the primary liners, except welds on the horizontal roof 
surface, and all butt welds on the secondary liners joining bottom plates, 
knuckle plates, and the lowest courses of the center column and outer-wall 
plates were radiographically inspected. Defects were corrected and then 
rechecked. Beginning with the 1974 tanks, all plate welds in the secondary 
liners were also radiographically inspected. All of the tank welds were 
vacuum leak-tested and/or tested using magnetic particle or liquid penetrant 
techniques. Any defects were repaired and then reinspected. 

Each primary liner was stress relieved in place after all burning, 
cutting, welding, and other high-temperature work below the liquid fill line .. -. 
had been completed. Full stress relief at 593 °C (1100 °F) was accomplished tW 
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in accordance with the general requirements of the American Society of 
?S\ Mecha~ical Engineers Boiler and Pressure Vessel Code (ASME 1986) . 
:. ·;\•::,.:~ 

A full hydrostatic test, consisting of filling each tank to a depth of 
9.7 m (32 ft) and allowing it to stand 48 h, was conducted after stress 
relieving. No leaks were found by this test. All circumferential welds in 
the pipe loops of the removable cooling coil bundles below the 1.3-cm­
(0 . 5-i n-) thick plate at the base of the riser plug were radiographed . The 
assembled cooler piping was tested hydrostatically to 34.8 bar (500 psi) and 
halide leak tested at 2.1 bar (30 psi). 

Cooling of liquid waste in the first seven Type B tanks (Tanks 29 to 35) 
is accomplished by removable cooling coil bundles that are suspended in the 
tank through the concrete roof. A maximum of 10 cooling units can be 
suspended in each tank through risers. Each cooling unit has a heat removal 
capacity of 176,000 W (600,000 Btu/h) from freely convective liquid waste. 
All of the other Type D tanks use permanently installed cooling coils similar 
to those in Types A and B tanks. In fresh waste service (liquid plus about 
8% sludge), the total heat removal capacity is 1.76 MW (6 . 01 MBtu/h). Th i s is 
the same for either cooling coil design. 

8. 6. 5 Tank Auxiliaries 

Liquid level for waste in the primary liner is measured using a 
conductivity probe on the end of a graduated tape reeled in or out by a motor 

/·-~;'.'~ drive. A fixed-height probe is used for a backup high-level detection . At 
.,;:1:JJ least two conductivity probes are installed in each annulus to detect the 

··--~•" presence of any liquid in the secondary liner. 

Each tank is equipped with several thermowells, each with multiple 
thermocouples . Type D tanks have stainless steel thermowells. Temperatures 
are measured from the bottom of the primary liner to the top of the tank . 
Thermocouples are also used for primary wall, cooling water exit, and tank 
vent temperature. All readings are displayed in the control house. ' 

All cooling coil units are equipped with pressure relief valves at the 
outlet. The lines also are equipped for pressure gauges. Type D tanks also 
have connections for a flowmeter. 

8.7 UNDERGROUND STORAGE TANK WASTE PHYSICAL CHARACTERISTICS 

The processes in the Hand F Areas have generated over 128,650 m3 

(34.0 Mgal) of HLW. This waste has three general physical types: sludge, 
salt cake, and supernatant. The SRS waste is similar to waste generated at 
the Hanford Site, except that it is more concentrated and hence gives off more 
radioactive decay heat. Table 8-3 shows the waste volumes by type and by 
area. A tank-by-tank listing is found in Table E-1 . 
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Table 8-3. Savannah River Tank Farm Waste Volumes. 
Farm Liquid Sludge Salt cake Total 

m3 20,450 5,180 28,840 54,470 
F 

gal 5,402,000 1,369,000 7,618,000 14,389,000 
m3 38,090 9,350 26,740 74,180 

H 
gal 10,063,000 2,469,000 7,065,000 19,597,000 
ml 58,540 14,530 55,580 128,650 

Total 
gal 15,465,000 3,838,000 14,683,000 33,986,000 

The range of tank fullness for the SRS tanks is shown in Figure 8-11. 

Figure 8-11. Percent of Operating Capacity with Waste. 
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Percent of Tank Capacity 

The following sections describe the three waste forms at the SRS. Waste 
at the SRS has not been concentrated to a dry solid form. A 0.3- to 0.6-m 
(1- to 2-ft) layer of supernatant is kept on top of all tank waste at all 
times . 

8.7. 1 Supernatant Description 

Supernatant is the remaining liquid portion of the neutralized process 
waste . It is saturated with nitrate and nitrite salts, primarily sodium. It 
has essentially the same chemical and radiological composition as the salt 
cake . Average density and water content are 1. 1 g/cm3 (9 .2 lb/gal) and 71%, -~~ 
respectively . ~,t\}, 
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8.7.2 Sludge Description 

Sludge consists primarily of heavy metals and various oxides such as 
iron, manganese, aluminum, and mercury. Sludge results from the 
neutralization of the acidic process waste, allowing the dissolved metals to 
precipitate out of solution. This waste also contains the insoluble 
radionuclides 90Sr and 239Pu. As a consequence, sludge is largely insoluble in 
the alkaline supernatant. A typical density assumption is 1.4 g/cm3 

(11.7 lb/gal) with a water content of 55%. 

8.7.3 Salt Cake Description 

Salt cake is the concentrate rema1n1ng after the supernatant is 
evaporated to reduce waste volume. Its composition is similar to supernatant, 
containin% large quantities of nitrate and nitrite salts. Salt cake also 
contains 7Cs, which is hi~hly soluble in supernatant. Average density and 
water content are 1.9 g/cm (15.8 lb/gal) and 6.4%, respectively . 

8.7.4 High-Priority Waste Tank Safety Issues 

There are no high-priority waste tank safety issues at the SRS. The HLW 
at SRS has a high heat output (over twice that for Hanford high-heat tanks), 
but the SRS USTs were designed to handle the heat load. The tanks are 
equipped with cooling coils and the primary liner was stressed received before 

~) entering service. The heat outputs for the SRS tanks are listed in Table E-1. 

8.8 WASTE CHARACTERIZATION CAPABILITIES 

This section describes the methods used to characterize the UST waste at 
the SRS . 

8.8.1 Waste Tank Inspection 

Special equipment has been developed at SRS to allow visual and 
photographic inspection of the tank interiors, including the annular spaces. 
The techniques used are as follows: · 

• Periscopic--visual and photographic 

• Direct photography 

• Direct wide-angle photography 

• Closed-circuit television . 

These techniques are normally used for tank inspection related to waste 
storage to help ensure tank integrity . Visual inspection can be made of both 
the primary vessel and of the annulus (Street 1989). 
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8.8.2 Waste Characterization 

Supernatant characterization has been a part of the concentration 
process. All samples were analyzed in Westinghouse Savannah River Company hot 
cells. Sludge samples have been analyzed as part of the Tank 16 cleanup. 
However, there is no extensive schedule for waste characterization because the 
waste was generated from only one PUREX and recovery process, and process 
waste streams have already been characterized. 

8.9 UNDERGROUND STORAGE TANK WASTE CHEMICAL CHARACTERISTICS 

The SRS UST process waste consists primarily of sodium nitrate and 
nitrite salts and insoluble metal oxides and hydroxides. The liquid 
supernatant and salt cake contain essentially all of sodium nitrate and 
nitrite and other sodium salts, such as sodium carbonate, sodium sulfate, and 
sodium hydroxide. The sludge contains various metal oxides and hydroxides, 
such as iron (Ill) hydroxide, aluminum hydroxide, mangese oxide, and chromium 
hydroxide. As can be seen, it is very similar to the waste stored in the 
Hanford Site SSTs. Table 8-4 shows the typical chemical composition for SRS 
HLW. 

Table 8-4. Savannah River High-Level Waste Compositions. 
Liquid Sludge Salt cake 

Component wt% Component wt% Component wt% 
Ag Trace Fe(OHh 11.8 NaN03 65.4 
Hg Trace Mn02 2.0 NaN02 0.9 
Pb Trace U02(0H) 2 1.3 NaOH 3.4 
u Trace Al (OHh 13.7 NaAl(OH) 4 7.8 
F' 0.003 AlO(OH) 5.2 Na2C03 2.7 
Fe Trace CaC03 1.5 Na2S04 9.4 
Cl' 0.023 CaS04 0.2 Nal04 Trace 
OH' 1.63 CaC204 0.2 NaF 0. 2 
NO - 1.10 Ni (OH) 2 0.8 Na2C204 0 .1 
N02

' 9.63 HgO 0.4 Insolubles 3.7 3 
Al (OH) 4- 4.54 Si02 0.2 H20 6.4 
co ·2 0.72 Th02 1.8 
Crb ·2 0.014 Ce(OHh 0.2 
so !oz 0.22 ZrO(OH) 2 0.2 
P04.3 0.12 Cr(OHh 0.2 4 NH+ Trace Mg(OH) 2 0.2 
Nat 11.0 NaN03 1.1 
H20 71.0 NaOH 1.3 

Zeolite 1.5 
Others 1.2 
H20 55.0 

Total 100.0% 100.0% 100.0% 
Densi!Y 1.1 1.4 1.9 
(g/cm ) 

Source: ORNL 1991. 
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Given chemical compositions and the tank waste volumes listed in 
Table 8-3 , Table 8-5 was produced. A tank-by-tank listing is found in 
Table E-2 . 

Table 8-5. Estimated Savannah River Tank 
Chemical Mass Totals. 

Component Mass 
kg lb 

co ., 2,256,000 4,974,000 
c1~ 14,700 32,400 
F- 96,980 213,800 
OH" 9,384,000 20,700,000 
NO - 56,560,000 124,700,000 
N0

3
- 1,341,000 2,957,000 

POZ.3 77,520 170,900 4 so -z 6,858,000 15,130,000 4 
Al 4,154 ,000 9,157,000 
Ca 147,500 325,100 
Cr 29,440 64,900 
Fe 1,257,000 2,771,000 
Mg 16,830 37,100 
Ni 103,100 227,200 
Si 18,960 41,800 
Na 32,250,000 71 , 120,000 
Others 11,770,000 25, 950,000 
H20 63,780,000 140,600,000 

Totals 190,115,030 419,172,200 

8.10 UNDERGROUND STORAGE TANK RADIOLOGICAL CHARACTERISTICS 

Percent 

1. 2 
a.a 
0.1 
4.9 

29.8 
0.7 
a.a 
3.6 
2.2 
0 . 1 
0.0 
0. 7 
a.a 
0.1 
0.0 

17 .0 
6. 2 

33.5 

100 . l 

The ~rimary radionuclides contained with i n the SRS waste are the fiss i on 
products 37Cs and 90Sr and their decay products. The waste also contains 
quantities of TRU isotopes such as plutonium and uranium. The waste 
act ivities range from 1.5 Ci/l (5.7 Ci/gal) for supernatant and 2.7 Ci/L 
(10.3 Ci/gal) for salt cake, to 21.6 Ci/l (81.8 Ci/gal) for sludge. The 
sludge has a high activity because of the large concentrations of insoluble 
90Sr and precipitated 137Cs. Table 8-6 shows the estimated radionuclide 
content for all of the HLW tanks (Fish 1991) . A tank-by-tank listing is shown 
in Table E-3. 

8.11 FACILITIES FOR PROCESSING RETRIEVED TANK WASTE 

The DWPF i s a major construction effort currently underway at the SRS. 
The facility will be the nation's first HLW vitrification plant . The DWPF 
wi ll accept HLW currently stored in waste tanks in the F and H Areas , mix i t 
with borosilicate glass, heat the mixture until it is molten, and then pour 
the material into stainless steel containers. As the mixture cools , it 
becomes a solid 
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Table 8-6. Estimated Savannah River Tank 
Radionuclide Content. 

Radionuclide 
Activity Mass 

(Ci) (kg) (lb) 
.::~.,,Pu 2,570.0 42.0 92.0 
23au 57.0 168,700 372,000.0 
235U 2.4 1,129 2,490.0 
147pm 25,420,000 26.2 58 .0 
144ce 2,786,000 0.9 1.9 
137cs 131,400,000 1,518 3,347.0 
90Sr 126,800,000 920 2,028 .0 
90y 126,800,000 0.2 0.5 
Others 124,700,000 21 46 .0 
Totals 537,908,629.4 172,357.3 380,063.4 

glass form that is considered suitable for storage in an offsite geologic 
repository. The geologic repository will effectively isolate the nuclear 
waste from the environment. The scheduled date for operation of the DWPF i s 
1992 . 

The SRS has emptied four of their USTs , three Type Cs and one Type B. 
This was accomplished using long-shaft centri fical pumps to slurry the waste . .;":{~ 
The removed waste was transferred to Type D tanks for storage. Recycled •:,:.,?,;J) 
supernatant was used to slurry the tank sludge and salt cake. The Type B tank 
(Tank 16) was also cleaned in 1979 and 1980 using dilute oxalic acid solutions 
followed by clean water rinses. Radionuclide inventories within the tank were 
reduced from approximately 100,000 to 4,100 Ci. No additional tanks can be 
emptied or cleaned because of a lack of Type D tank space. 

Figure 8-12 outlines the present and future waste operations and 
treatment. 

8. 12 SOIL AND GROUNDWATER CONTAMINATION 

From 1961 to 1962, following leakage from Tanks 9, 10 , 14, and 16, 
roughly 134 (Tank 16) and 25 (Tank 14) leak sites were observed by periscope 
on the primary tank walls, as defined by accumulation of dried salt. No leak 
sites were visible during limited inspections of Tanks 9 and 10, even though 
these two tanks, like Tanks 14 and 16, contain appreciable amounts of dried 
waste in the annular spaces. Up to the present time, five of the Type A tanks 
(Tanks 1, 9, 10, 11, and 12) and all four of the Type B tanks (Tanks 13, 14 , 
15, and 16) have experienced some leakage from the primary tank to the annular 
space inside the secondary liner. 

Tank 16 is the only SRS waste tank from which leakage through cracks in 
the primary tank has actually reached the ground surrounding the tank. The 
tank began receiving fresh high-heat waste from enriched uranium processing in 
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Figure 8- 12. Treatment Operations for Savannah River High- Level Waste . 
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late May 1959. Subsequently, during September 1960, a large number of very 
· small leaks resulting in a leak .rate of about 15.1 l/min (4 gal/min), and the 

level of waste in the annular space exceeded the 1.5-m (5-ft) height of the 
steel pan for an estimated period of 6 h while a transfer jet was being 
installed in the annulus to remove the leaked waste. 

A maximum of 2.65 m3 (700 gal) of alkaline waste rose above the top of 
the secondary pan. Intens ive inspection and monitoring over the intervening 
years confirmed that most of this 2.65 m3 (700 gal) was contained in the 
concrete containment wall, and on1!r a few tens of gallons of waste containing 
approximately 7 Ci/l (primarily 13 Cs) was actually leaked to the surrounding 
soil . Because of the high water table, this leaked waste immediately reached 
the groundwater. The soil in this area contains clay with a significant ion 
exchange capacity, consequently during the ensuing years, the radioactivity 
has migrated only a few feet (DOE-SR 1089). 
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APPENDIX LEGENDS 

Containment Legend 

• Tank 
- Single Steel Shell 
- Double Steel Shell 
- Concrete 
- Rubber Lined 
- Glass Lined 

• Vault 
- Octagonal 
- Pillar and Panel 
- Partitioned Square 
- Concrete 
- Stee 1 Liner 

Construction Materials Legend 

• Carbon Steel 
• Stainless Steel 

- 347 
- 304L 

• Reinforced Concrete/Cement 
• Rubber 
• Glass 

Radioactive Isotopes Half Lives 

(SSS) 
(DSS) 
(C) 
(RL) 
(GL) 

(0) 
(P&P) 
(P) 
(C) 
(SL) 

(CS) 
(SS) 
(S.Sl) 
(SS2) 
(RC) 
(R) 
(Gl) 

24,400 years 
86 years 
4.51 x 109 years 
7 . 1 x 108 years 
2.47 x 105 years 
1.62 x 105 years 
8.0 x 104 years 
1,600 years 
21 years 
2.5 years 
284.9 days 
2.55 minutes 
30.23 years 
28.1 years 
64 hours 
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ll,000 · lM,OCIJ llS,000 &,•i2,0CIJ 
131,0ll l,!JS,OCIJ l61,000 &,l42.0CIJ 
139,(X)O 1,961.0CIJ 447,000 l,213,0CIJ 

6,000 &S,OCIJ 631,000 7,Jl9,0CIJ 
112.COO Ua6.00J ~J.000 4,000.0CIJ 
117,000 l,6l7,0CIJ •26,000 4,96&,0CIJ 
lll,000 1,629,0CIJ lJ&,000 6,2:51,0CIJ 
136,(Dl 1,926,0CIJ m.,oco l,l74,0CIJ 

73,COO 1,034,000 610,000 7,114,0CIJ 
12.000 170.0CIJ '6l.000 H23.0CIJ 

10<,COO 1,473,0CIJ 
lll,000 1,629,0CIJ 
2l0,(X)O 3,S40,(XX) 

62,COO 1'71.(XX) 
125.COO 1.710.0CIJ 
92,000 J..'-Ol,(XX) 
~000 36&,0CIJ 

111,000 2,563.0CIJ 
12,000 170,0CIJ 

S60,(XX) ~31,(XX) 
71,C.OO 1,00l,COO 

4,(XX) 47,0CIJ 

St• nr 

I , .. 11 I n•1 
1.-.-1 -m..ooo I 

.. 

lJO.OOJ l ,739.0CO 

m= I 6,lm,(XX) 

, ...... T••• ~~---~t...i.. .. 

, .. ,1 I , .. 11 11•1 m (Cll 

-;50 I U<7.:s>o 

74 

rt l,000 
130 
114 
lll 
&3 ll,lOO 

101 l,(XX) 

124 
9Z 
&S 

20,(XX) 

124 

99 
16l 

71 
n 

2,(XX) 

71 l,lOO 
as 

llO 
4l0 
..00 

JlO 

109 

24,000 

.. 

93 
90 
140 
Ill 
180 
174 6,000 
116 
107 
171 l ,000 
194 35,000 140,(XX) 
U1 10,000 40,0CIJ 
171 l,lOO 
19? 2.000 2.0CIJ 
161 l0,000 40,(XX) 

!l,000 a,cm 
l&I 

S0,000 40,0CIJ 
131 

jlj 
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H•tO.t,•t I (IIIW./1,r 
(8""1,rl ,-r-l 

,R.~ 
ffi.500 31.J 

&.200 Co•a.iu (CTT'O<'naidc 

l,600 Cotitaw (ffl'OCY'JUdc 
17,(XX) 10 Cooaia l<m>eyuiclc 
17,700 2 Coctaw lcm,cywdc 
12:Dl Coat:aiu (itff'OC'"l'laidc 

I~ 10 CoaQ.1&1 f~dc 
23,0CIJ 211 Coataw (em,cyuidc 

2l,200 10 Cot,taia, (<m>cyuidc 

J.C.200 10 Coaa.iu (Cff'OCV'lo id~ 
l,(XX) Coaw..fcrrocyuaJdc 

CoacaiM Of'PJUC u1ta 

42,(XX) ~ 

l.lO,OCIJ 90 Hip heat load 

l,000 10 Co•t1W (ttrocy,ia.ide 
l .OCIJ 10 Coab.ic., (ert'OCV'la ide 

l,000 10 Coac,i,u (<m><yaAidc 
S,(XX) 10 Coac:&W Ccmxyuide 

Co1c:aW orp..mc: s.&.lt:1:; Hydrop p, accq,mulatioa 

.· 
· :•· .. 

Hydrorn p, ICCDtHbtioa. 
Efrdrorn p, acaaalatio• 
H,,drofC11 tu 1CCllmal1tio• 
Hych:orca pA accamulacioa 

Hydrorc• p, aoc:amalatioa 
Hyd.torn P, ICCll..alal1c:io1 
Hydtoftll, p, ><=malatioa 
Hvdrof'Ca tu aec.umulacioG: Ornaic ulb 

42,(XX) 60 
4l,OOJ 60 
,l(l,(XX) JO Potntia.l h)'dtQfQ p• acc:umalatio• 
•2,(XX) 100 
44,000 lO 
43,(XX) 70 , 

.l&,OCIJ ~ 

Hl'drof'C:11 n• 1c:cumabcio• 

HJdrt,rn P-' accam•latio• 
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Table A-1. Hanford Site Underground 
Storage Tank Physical Characteristics. 

(sheet 3 of 3) 
~--MO.Wd_. Ul IWpl ,.., U...,il 

1u 1wp11-,s1.~ .. 
1L7 IWpl I•• Salt Caka 
lU lllr-1 r-.r st."" 

u ... ,..,._....., Stanp Ta• k n-.n-ipd•• U ... rc:r-•H St.n.c,a Taak Wa.t.• o-.cripd•• (A. et M• rdl 1"1) 

Taak Typo 51a ... i:..ade• c........... S.rrico I c...-..i.. C-llacl 0?-ndac T-iw.... I Sol I U1•i• I s1.~.. I SallCaka 51•"7 ,.... T,mp.11!:&llm.owt-11.qe I B,alO.IJel I 
. Ma,.ri• I Cail• Ca,_.;Jy 0,.,.dac (B~r Ra...i.. 
• T• -11. f Vull T• -11. Vnlt (pl) (pl) I 0•1 C.uacil)' (pl) I 0•1 (pl) 0•1 (pl\ 0•1 (('!) I ml (pl) n•i <Pl (pl) (Cl) (l!i.Jlu,) I ,... ... , 

T•tala • > ll.1.S.A..000 '4.901..,Qft t 'in.~000 _.,., :4..J,O'l.000 I Ti'G.S7'-.000 I 14.JU.CC, U"T~OOO :l-Ult.000 ?S:2.51l.OOO l.o-t0.000 ::..o,Loco ,o-1.150 l.147~ I ~ I 3&.J 

T • 101 A lucti,,o :ZOO.Wat SSS 1944 to 19?9 CS/RC No $33,IXQ I UJ,IXQ 1,&S9,00l :zjll, JO,IXQ ~IXQ lal,000 1,459,000 7J S,IXQ 10 C4ataiu fcm,cyuid< 
T • 101 A laa«iw :ZOO.Wat SSS 1944 to 1976 CS/RC No SJJ,!XXJ 32,IXQ 442,IXQ ~ 13,IXQ 17l,00l 19,000 269,000 
T 103 A luctift :ZOO.Wat SSS 1944 to 1974 CS/RC No 533.00I 'l7.00l 379,IXQ lllo ',IXQ 53.00I Zl.000 326.000 1.000 
T • 100 A Jucziw :ZOO.Wat SSS 1944 to 1974 CS/RC No 5.13,00I 445,00I 6,299,00I llllo J,IXQ 40,000 442,000 6,ll9,000 
T • 105 A lucaw :ZOO.Wat SSS 1944 to 1976 CS/RC No lJJ,IXQ 98,00I 1,33&,00I 11'!1, 98,IXQ 1,3&&,000 
T • IN ,. A lu«iw :ZOO.Wat SSS 1944 to J.97J CS/RC No 133,IXQ 21.00I • 296,IXQ 4llo ,. 2,IXQ 'l7,r,:xJ 19,(1:XJ 269,0CIJ 115,IXQ 40,IXQ 
T • 107 A la.Ktnoo :ZOO.Wac SSS 1944 to 1976 · CS/RC .. ·• No · · $33,IXQ U0,IXQ ,--:Z,,.C:Z.IXQ 34,i, • 9,00I 12)).0CIJ 171,000 2,422,0CIJ · · ' - · · ., 74 · S,IXQ C4ataiu ferrocyu.ide - • · • · · · _.: 
T • lOS A Inca... :zoo.w.,, SSS 1944 to 1974 CS/RC No 533.IXQ 4'.IXQ 623.00I I'll, 4'.IXXl 623.000 I.COO 
T 109 A l.aa<CY< :ZOO.Wat SSS 1944 to 1974 CS/RC No '33,IXQ .\a,IXQ IZJ,IXQ 11~ .\a,IXll &Zl,000 1,000 
T • U0 A w«iw 200-Wat SSS 1944 to 1976 CS/RC No $33,00I 379,00I 5,36.S,OOI 71llo J,IXQ 40,IXQ 376,000 l,3:ZS,000 69 Hy,lrop pu=ma.latioo 
T • lll A lu«iw 200-Wac SSS 1944 to 1974 CS/RC No l33.00l 4.\a,IXQ 6,41,(,IXQ l6llo 2,00I 'l7,00l ~000 6,457,000 1,CllO 
T • · 111 A lucaw 200-Wat SSS 1944 to 1977 CS/RC No $33,IXQ 67,00I 943,0CIJ 13llo 7,00I 93,0CIJ 60,000 lS0,000 
T • ::ot B lu«iw 200-Wat SSS 1944 to 1976 CS/RC No l5.00l 29.00I 410.0CIJ 53~ l.OOI 13.00I 23.000 397.000 
T • ::ol B lu<CW :ZOO. Wac SSS 1.944 to 1976 CS/RC No lJ,OOl Zl,OOI 297,00I ~ Zl.000 297,000 
T • :03 B luaiw 200-Wat SSS 1944 to 1976 CS/RC No 55,00I 35,IXQ 65,00I 64llo 35,000 496,000 
T • :»4 B lu<-ti"" 200-Wac SSS 1944 to 1976 CS/RC No 55,IXQ 3&,IXQ $3&,00I 69llo J&,000 ll&,000 

TX • lot C !uaiw 200-Wat SSS 1941 to 1980 CS/RC No 751,IXQ 17,00I 1,230,00I Ullo J,IXQ 40,r,:x, '4,000 1,ISI0,000 
TX • lO'l C lucti,.. :::00.Wnt SSS 1941 to 1977 CS/RC No 753.IXQ 113.r,:xJ 1.31&.IXQ llllo 113.00I 1.311.IXQ 
TX • 103 C lu<CY< 200-Wat SSS 1941to 1980 CS/RC No 751,IXQ U7,00l 2,2Z3,00l Zll\ 1~7,000 2,2Z3,000 
TX • 100 C laacaw 200-Wat SSS 1941 to 1977 CS/RC No 751,00I &S,IXQ 759,00I 9llo 1,IXQ 13,00I 64,IXQ 746.,IXQ 
TX • 105 C luaiYe 200-Wat SSS 1941 to 1977 CS/RC No 75&,IXQ 609,IXQ 7,102.00I IOll, 60!1,IXQ 7,102.00I !19 C4a01i.u orpoic .. 101 
TX • lN C !ucaw 20().Wac SSS 1941 to 1977 CS/RC No 751,00I 453.00I 1,2l0,00l ~ 453,000 $,2.!3,00I 
TX • 107 C loactive 200-Wnt SSS 1941 to 1977 CS/RC No 753.IXQ 36.00J •n.OOI l"- l.OOI 13.000 35.000 .ooll.lXQ UCO 
TX • 1.. C lucaw 200-Wat SSS 1941 to 1977 CS/RC No 75&,IXQ U4,00l 1,.563,00I lffi 134,00J 1,.563.00I 
TX • 109 C lucaw 20().Wac SSS 1941to 1977 CS/RC No 751,IXQ 314,IXQ 4,471,IXQ 51"' 314,IXQ 4,471,IXQ 
TX • 110 C 1.aa<-tiw 200-Wc.t SSS 1941 to 1977 CS/RC No 751,IXQ 462,IXQ l,381.00I 61"' ·. 462,IXQ 5,3&&.IXQ 
TX • 111 C lna<-tiw 200-Wac SSS 1941to 1977 CS/RC No 751,IXQ 370,IXQ ~U,OOI -49llo 370,IXQ 4,315,00J 
TX • 11: C luce- 200-Wnt SSS 1941 to 1974 CS/RC So 753.00I 649.00J 7.569.00I 16\'!, 649,IXQ 7.569.00I 
TX • llJ C l.aa<CY< 200-Wac SSS 1941 to 1971 CS/RC No 75&,()X) rnl,OOJ 7,079,0CIJ ~ Offl,000 7,079,00J 
TX • ll• C lucaw :::00.Wac SSS 1941 to 1971 CS/RC No 75&,IXQ 5.Jl,IXQ 15,Zl9,00l 71"' 535.CllO 15,Zlo;.OOI 
TX • U3 C 1..- 20().Wat SSS 1941 to 1977 CS/RC No 75&,IXQ 64(),IXQ 7,464,00I 14llo 640,000 7,~IXQ 
TX • 11' C lu«iw 200-Wat SSS 1941 to 1969 CS/RC No 751,IXQ 631,IXQ 7,J~IXQ 13llo 631,00I 7,359,00I 
TX - 117 C Jucaw 200-Wac SSS 1941 to 1919 CS/RC No 75&,IXQ 626.00I 7.JOJ.IXQ 13"' 626.IXQ 7.300.IXQ 
TX • ua C 1.aa<tiw 200-Wesc SSS 1943 to 19'!0 CS/RC No 75&,IXQ 347,00I 4,047,00I 46'1\ J.47,000 4,047,IXQ 74 4,900 C4aw"' o,paic .. 10 
TY • 101 C !ucti,,o 200-Wat SSS 19'l2 to 1973 CS/RC No 751,00I 11&,IXQ 1,671,00I 16llo ll&,000 1,671,000 61 l,OOl 5,IXQ 10 C4• ttiM fmocyuidc 
TY • 101 C lucaw 200-Wac SSS 19'l2 to 19?9 CS/RC No 73!,IXQ 64,CllO 746.,IXQ I'll, 64,00I 746.,00I 
TY • 103 C ·' · laacaw 200-Wat SSS 19'l2tol973 CS/RC · No 751,00I 162,IXQ , 2,294,00I Zl~ - . · · 162,0CIJ 2,294,0CIJ •. ·, • , . ., _ • ' 70 3,000 · 700 5,00I ·· C4001i.ufomocyui4c 
TY • 100 C lucaw 200-We,t SSS 19'l2 to 1974 CS/RC No 753.IXQ '6.IXQ 649,IXQ - ~ 3.IXQ 40.000 •3.000 60!1.000 • . .. 71 1.400 5.00I 2D C4aw .. fomo<Y1aide · . . 
TY • 10$ C Jucaw 200-Wat SSS 19'l2 to 1980 CS/RC No 75&,00I ZJl,OOl J,2'71.,00I ~ Zll,000 3,271,000 JJ,000 • 4,0CIJ 
TY • lN C laa«iw 200-Wat SSS 19'l2 to 19'l9 CS/RC No 751,IXQ 17,00I 241,00I ?.\ 17,000 241,CllO 211,000 :Z.CXXJ 
U • 101 A luaiw 200-Wac SSS 1944 to 1960 CS/RC No 533,00I ~IXQ 352,00I 5llo 3,00I 40,IXQ 22,000 312.000 JO,OOl 20,00I 
U • 101 A !ucti,,o 200-Wat SSS 194-4 to 19?9 CS/RC No 533,00I 374,IXQ 4,499,00I 70llo l&,OOI 240.000 4J,00l 60!1,00I 313.00I J,6l0,00l 
U 103 A Jue~ 200-West SSS 194-4 to 1978 CS/RC No 533.IXQ '61.IXQ 5.559.IXQ 11'!1, 13.00I 173.000 32.000 453.000 4Zl.CXXl •..933.IXQ 90 HY<lro ... o, acnmafati09 

U • 1.,. 11. lucuw :ZOO.Wat SSS 1944 to 19'll CS/RC No lJ3,IXQ 122,IXQ 1,72!,000 ZJ~ lZ!,000 1,72.&,000 '5,000 90 
U • 105 A lucaw 200-Wat SSS 1944 to 1978 CS/RC No $33,IXQ 41&,000 S,016,IXQ ~ 37,00I 493,00I 32.000 45.l,OOO 349,000 4,070,IXQ 92 Hydrop pa •=malatioo 
U • lN A !ucaw 200-Wac SSS 1944 to 1977 CS/RC No 533,IXQ 226,IXQ 2,725,IXQ 4?.\ U,OOI 200,0CIJ 26,000 :36&,IXQ l&S,CllO 2,157,r,:xJ U C4awu o,iuic .. 10 
U 107 A l.aacti,,,c 200-Wat SSS 1944 to 1.980 CS/RC No 533,00I 406,00I <1,123,IXQ 76llo 31,IXQ 413,0CIJ 1.'l,CXXl Zl:Z.CXXl 360,IXQ 4,19&,IXQ 11 C41ttiu orpojc .. 101 
U • lOS A " Iucti,,e 200-Wac SSS 194-4 to 19?9 CS/RC No 533.IXQ '61.IXQ l.s71.00l 11'!1, 2',IXQ 320.IXQ 29.000 411.000 415.IXQ 4.J.IO.IXQ 90 HY<lto ... o, •=mulatio• 
U • 109 A lat<CY< 200-Wat SSS 1944 to 1978 CS/RC No ~IXQ 463,IXQ 5,151,IXQ "-' 19,IXQ ~3,IXQ 43,000 680,000 396,(1:XJ 4,61&,000 &a Hy,lrogn pa acaoma.laaoo 
U • U0 A Ja..ctn.. 200-Wac SSS 1.944 to 1975 CS/RC No m,r,:x, 116,00I 2,634,00I 35llo 186,000 2,634,00I &,100 
U • W A . . laaaiw 200-Wat SSS 1944 to 1980 CS/RC No SJJ,IXQ 329,IXQ J,9JZ,00l · ~ • 26,0CIJ :36&,0CIJ 303,000 3,5.14,IXQ .. .. .. . 
U • lll A !uc,n,, 200-Wat SSS 1944 to 1970 CS/RC No $33,00I 49,00I 61J0,IXQ 9llo 4,00I • ll,IXQ · 45,000 637,IXQ , . . . · . · l,500 •· · • - ,. • 
U • l01 B 1 .. ..;,,. 200-Wat SSS 1944 to 1977 CS/RC No ll.OOI 5.00I 70.00I !Ill, 1.00I 13.00I ',IXQ 57.000 

u - = I B lucaw 200-w .. , sss 1944 to 1977 CS/RC No lS,OOl I S,OOI 70,00I ~ 1,00I 13,00I 4,IXQ 57,0CIJ 
U • :03 B !uaiw 200-Wat SSS 1944 to 1977 CS/RC No Sl,IXQ J,IXQ (1,IXQ lllo l,OOI ll.000 2.000 2!,IXQ 
U • :»4 B . luaiw 200-Wat SSS 1944 to 1977 CS/RC No lS,OOl 3,IXQ 41,00I lllo 1,00I 13,000 2,00I 21,000 
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Table A-1.1. Hanford Site Underground Storage 
Tank Farm Physical Characterist i cs. 

A.u•mNO.uitl• U,J IWpJ '"' U1• i4 
lU IWpllerSl• ~p 
1L7 1w .. 11 .. s.11c.i.. 
!~ ~ /~I hr S1• rT!_ 

TrJ,o Sta,_. I...cado• Coa.......,.al S.m• C...IN<II- c-!lq O,. .. dq T.ouWu• Sol Li1,,i4 5l""co SaltCau Sta...,. p....i,r T,.,._ !:od.m.aWt..u.... HootO.~• 

• Tuk I Vult Taok I Vnlt I , .. n , .. 11 11\) I c. .. c1., , .. n I m, I , .. n (I~) , .. n 11\) I , .. n I (!\) m , .. n I (Cl) I (8~r) I _ ... ) I ~ 
Ua~•..,,...•• se.r..c.. Ta.ak r .... ~,d•• U.....,,....• ..l S......p Ta&& r..,._ Wu .. o..a;pt1 .. 

. Ma,.nal C.ila Capacity °'""dq (A"'I'.) (8~r R.•a.t. 

I IZS..524.0C'O 60.S01.089 mno.a:o I ·~ :?O.JOZ.OC'O I 270..5i 6.0C'O H.32!.089 197..lZZ.OC'O Z4.Zll.OC'O .SU 8UXXJ I 2.0<0.0C'O I ZZ.091.0C'O !ll 002-7~ 11.147.:.:SO I rn..500 I }l 

A 02 luc<iYc 200-E.ut SSS 19:IS CS/RC No 6,000,0C'O 1,sJ6,000 19,JlS,OC'O ~ 1,0C'O 106,0C'O SS6,IXXJ 7,rTl,OC'O 972,0C'O 11,336,IXXJ 1S9 21S,IXXJ 760,0C'O 100,0C'O 310 
A."i E2 >,a;-,e 200-E.uc 0SS 19Sl. CS/RC No 7,980,0C'O 6,J69,089 1,1,1!1,0C'O - s,.ll7,0C'O 73,l30,0C'O •IS,089 »l,OC'O 937,000 10,147,CXXJ 11l 
AP E2 >,a;-,e 200-e.... OSS 1986 CS/RC No 9,121),0C'O 6,310,CXXJ lol,!33,CXXJ - 6,321),CXXJ lol,233,CXXJ 
AW E2 A<u... 200-E.ut 0SS 1980 CS/RC No 6,.MO,OC'O s,JS6,CXXJ 72,00l,OC'O 7K -1,0ZS,CXXJ Sl,64S,CXXJ 1,l.JS,CXXJ 16,07.l,OC'O 196,CXXJ 2,2:ls,CXXJ 
AX 03 luc<iw 200-Eut SSS 1964 CS/RC No 4.000,0C'O SIOO>OC'O 10.617.CXXJ 23~ l.CXXJ .CO.CXXJ 19.IXXJ 26&.CXXJ SM.CXXJ 10.30'1.IXXJ 130 3.CI)) 
AY El Aaiw 200-E.ut DSS l Y'IO CS/RC No 1,960,0C'O 1.362,0C'O 11,24&,0C'O - 1,247,CXXJ 16,620.0C'O !l.S,C.00 1,621,0C'O , 
AZ. e.1 Aanoe 200-E.ut oss 1977 cs:Rc No 1,960,CXXJ 1.sias,rx,:, ZS.•9S,OC'O ~ 1,779,CXXJ - 23,710.CXXJ 12&,CI)) · 1,ru,rx,:, ... • .•• • - .. 
B AAB luctift 200-E.ut SSS 194• CS/RC No 6,616,0C'O 2.0S7,0C'O 2&,2'AOC'O ll~ IS,CXXJ 197,0C'O 1,6!17,IXXJ 2-1,029,0C'O J.IS,CXXJ •,02-1,0C'O . . 61 ZI.SOO 

BX A luc<iw 200-E.ut SSS 19•7 CS/RC No 6,396,0C'O lJ}g,OC'O Zl,64S,OC'O 2•~ 50,0C'O 66l,OC'O 1,JS•,OC'O 19,172,0C'O 1SS,OC'O l.BOl,OC'O •. 70 72.-'00 ~ 2ll.OC'O I 
BY C l••- 200-E.ut SSS 19•9 CS/RC No 9.0ll6.0C'O •,744,0C'O S7.120.(XXJ s~ 719.(XXJ l(ll87.0C'O •.02S.CXXJ '6.938.0C'O 102 ZS.100 lU.600 6 
C A.AB lucaw 200-E.ut SSS 194-4 CS/RC No 6,616,0C'O 2.ISl,OC'O .30,Jl•,OC'O ll" 17•,0C'O 2.)19,0C'O 1,9Tl,IXXJ V,99:1,0C'O 101 29.,ll-O Z12.0C'O 23 
S C Ju.a.. 200-W,.. SSS 19:11 CS/RC No 9,096,0C'O l,5182.0C'O 71.,764.0C'O - 46,0C'O 613,0C'O 1,171,IXXJ 16,Sl7.,0C'O •,76S,OC'O SS,s69,CXXJ 97 2•,CI)) 

SX 01 luc<iYc 200-Wcot SSS 1954 CS/RC No lS,000,CXXJ -1,•Sl.OC'O Ss,86S,CXXJ ~ 63,0C'O 139,0C'O 1JJ2,IXXJ Zl,696,0C'O 2.8SB,CXXJ l l,330,0C'O 167' l.Sl,500 ?70,0C'O ll•,OC'O 60 
sY E2 A<u... 200-Wcst OSS 1976 CS/RC No l,421),(XXJ 2,S-0,to> JQ.2S7,0C'O 7•" 80S,OC'O 10,730.0C'O 71,IXXJ 1,00S,OC'O 56•,0C'O 6,S71,0C'O 1,103,000 11,94-4,CXXJ 123 
T A&B lo,ctiw 200-Wcot SSS 1944 CS/RC No 6.616.0C'O 2.06S.OC'O 29.187.CXXJ ll~ 7•.0C'O 986.0C'O 1.9'11.IXXJ 23.196.0C'O 72 119.CI)) .CO.OC'O 10.0C'O S 

TX C I.a.KUY< 200-Wcst SSS 19•& CS/RC No 13,6•<, (XXJ I 6,50:!,(XXJ 31,137,(XXJ 51 \'\ S,OC'O 66,(XXJ 2•1,IXXJ l,413,0CO 6,6S9,0CO T7, 6S&,IXXJ 37 2.500 I 4,500 
TY C Juc,jye 200-Wcot SSS 19:12 CS/RC No ~OC'O 63&,0C'O 1,17Z,OC'O 14" 3,0C'O 40,0C'O S71,ClXI 1,086,0C'O 6•,0C'O 746,IXXJ 70 60,COO 6,700 J..5,0C'O 10 
U AAB l.aaco... 200-Wcst SSS 194-4 CS/RC No 6,616,0C'O l,S50,0C'O 43.'!12,0C'O S•" 16&,0C'O 2,::J7,0C'O 631,IXXJ 9,03S,OC'O 2.7•• , 0C'O 32.000,0C'O M lGl,600 20,090 
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1,000 
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Table A-2. Hanford Site Underground· Storage 
Tank Chemical Compositions (pounds). 
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llil.000 

J,OU,000 

7'7,000 
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Ul ,000 11,000 U,000 1,000 

·- ,.ooo , .ooo 3,000 . - 1.000 

110,000 J&,000 11,000 10,00CI 

$4.000 ,,ooo 10,000 ) ,000 

1'9.000 U.000 ,,.ooo 14,000 

1%,000 %,000 1,000 1,000 

?9,000 1,000 &,000 1,000 

J),000 ,.. ... l.5.000 1,000 

n ,ooo 4',000 l&,000 , .ooo 
151.000 12.000 1'.000 ,.ooo 
'4,000 lf,000 ,.s,000 1.000 

$4.000 U ,000 U,000 -',000 

'4,000 )1,000 '9,000 1,000 

n ,ooo 4-',000 ,,.._ , ,ooo 
lOl.000 4.5.000 41.000 9 ,000 

141,000 11,000 '7,000 U ,000 

<&,000 14,000 lt.000 1 ,000 

.S-,,000 , .... 11,000 1,000 

-',000 l.000 

5.000 1.000 

1,000 1,000 

),000 l.000 

""""-
7• ~ Xe I l<l I J: 

, ... ~ I --1 :,, ... 
Ut, u, . .... 

Jl,000 1,000 

1,000 1.000 

1.000 t.000 

$2.000 U .000 

Jl,000 1,000 

l,000 t.000 

ll.000 
-. ~· 

-',000 

, .ooo 1,000 

1.000 :.ooo 
49,000 11,000 

.S-,,000 1,,000 

l,OOCI 1,000 

, ,ooo 1.000 

l .000 1.000 

-',000 l . OOCI 

-',000 1,000 

11.000 ),000 

:.0.000 , .ooo 

1-',000 · 4,000 

· -. .-
ll,000 -',000 

&,000 1.000 

30,000 1.000 

1,000 1,000 

3,000 J , OOCI 

, ,ooo 1.000 
, ,ooo 1.000 

1'.000 4.00CI 

, ,ooo 1,00CI 

1,000 1,000 

1,000 

, ,000 1,000 

, .ooo 1.000 

1,,000 &,OOCI 

3,000 1,00CI 

&,000 l ,000 

1,000 

1.000 
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Table A-2. Hanford _Site Underground Storage 
Tank Chemical Compositions (pounds). 

(sheet 3 of 3) 

l 
o ..... .. I st Ac I l<• 

I 1"4,,, ........ lJ..ll.C.. ... 

n.,.. °' 
360,000 111,000 

l-',000 31,000 

14,000 %1,000 

J.!%4,000 ..-Z.000 

%70,000 10%,000 

$1,000 11,000 - 494,000 11.-',000 

111,000 .... -
160,000 00.000 

1,Ml,000 l"4,DOO 

I.U0,000 41&,000 

113,000 ... -
IQ,OOCI )0.000 

-"·000 Z::.OOCI 

H,000 ,...000 

10-',000 44.000 

n,.ooo ...,_ 
332.000 -',000 

02.000 lU.000 

1'1,000 4,000 

J,7tl ,000 1,.000 

1,))1,000 %1 ,000 

105..000 1,00CI 

)iM,000 LOOO 

1.119,000 U ,000 

I.J.SJ,000 Z::.000 

J,OU.000 11,00CI 

1.-.000 11.000 

1.,u.000 19.000 

l.,..S7l ,000 uooo 
J,J:l'l.000 )<1.000 

J,Ud,,000 ,.,_ 
1,141,000 lCl,000 

l. O'll.000 1,.000 

)lj.000 U.l,000 

11&,000 - 3,000 

444.000 
, ... _ 

124,000 47,000 

OLOOO 144...,. 

-47,000 11,000 

..,ooo 1!.000 

1.~000 1.S.000 

1-34-',000 '4,000 

ll'-.000 117.000 

l,lQ0,000 11,000 

'54,000 U,000 

l.11',000 ,.,000 

l.l,:Z,000 10,000 

I.l-4.5.000 L.5.00CI 

.511,000 193,000 

Kl,000 "1,000 

ll-',000 -"',000 

14,000 -',000 

U .000 -',000 

1,000 . 3,000 

1,000 3,000 
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_:J Total Total ruo pH I O~nlc• I Anion• 
(Dry) COJ Cl I F OH NOJ N02 

. 
Tot.aJ• •> I 

772,770,000 5:z2.Zl7,000 :Zl7~l 7:zl,000 4,418,000 lA,000 69,000 19,:49,000 247,721,001 37,556,000 

21.lS 0.lS 0.6S 0.0'1, 0.0'1, 2.SS 3:Z.lS ~ 

A 19,315,000 14,803,000 3$73,000 lll.000 7,000 432.000 3.203,000 J.40.000 

AN s-4,181,000 43.309,000 JS,432.000 247,000 365,000 32.000 2,.596,000 12.336.000 &.141,000 

Al' s.4,233,000 45,047,000 33,362,000 143,000 2!5,000 2.219,000 11..772.000 U77,000 

AW 72.003,000 -40.216,000 27,205,000 91 ,000 339,000 16.000 Z.155,000 11..456.000 6,o&7,000 

AX 10.617,000 9..361.000 1.133.000 32.000 73,000 6.130.000 129.000 

AY 13.243.000 9,A,49,000 7.229,000 :za,ooo 76,000 1.000 511.000 U21.000 1.793,000 

AZ 25.495,000 ll.737,000 10,lll,000 41.000 103,000 1.000 . 706,000 3,924.000 2.544,000 

B 2!.250,000 17.Ul.000 3,575,000 311..000 23,000 1.115,000 6.!51,000 676,000 

BX 21,645,000 ll.236,000 6..&93.000 247,000 19,000 397,000 4,711.000 575,000 

BY 57,120.000 47..&27,000 &.343,000 259,000 10.000 758.000 29.766.000 790,000 

C 30.314,000 17,770,000 10.339,000 4,000 JS6,000 :za.ooo 1.326,000 5,516,000 955,000 

s 72.764,000 59,631.000 11.6.53.000 368,000 15,000 l .Ul.000 36,167,000 1,117.000 

sx ss .865 .000 42,%1,000 11,125,000 1.000 367,000 23,000 1.219,000 23,930,000 1,015,000 

SY 30.257,000 17,118,000 l.2.0S5.000 162.000 197,000 1.000 37,000 1.113.000 7,009,000 1.677,000 

T 29.182.000 17.176.000 9.370.000 1.000 354.000 25 ,000 1..301.000 5.3-19 .000 820.000 

TX 

I 
31.137,000 71.241.000 9.329,000 262.000 3,000 6.53,000 46,730,000 975 ,000 

TY 3.372.000 .l ,463.000 Ull,000 104,000 &,000 373,000 1.939,000 2 17,000 

u 43.272.000 35,036,000 7,296,000 3,000 211,000 &,000 671,000 21,01& ,000 s::za.ooo 

/ 

I ~ I 504 Al BIi I c~ Cr Fe 

U-,.l89 ,000 3,164.000 16,000,000 I l.,Zl3,000 J.µS,000 

L~ 0.5S :Z.lS 0.Z'I, o._~ 

326,000 154,000 164.000 49,000 72.000 
1,073,000 25,000 3,404,000 2.000 17,000 

l.Ul,000 3,465,000 

2.205.000 129,000 2,442,DOO 70,000 147,000 

120.000 93.000 53,000 15.000 :Z.000 

370,000 11,000 706.000 1,000 15.000 

479,000 11..000 1.001.000 7,000 17.000 

2.233.000 200,000 362,000 103.000 222.000 
1,731,000 144,000 :303.000 33,000 175.000 

1.36.5 .000 431.000 358 .000 108.000 94.000 

2.592.000 1&6,000 4U,OOO 116.000 257.000 

2,041,000 600,000 513,000 147,000 153,000 

2,305,000 440,000 49 1,000 138,000 202.000 

351.000 89,000 924,000 ll,000 24,000 

2.592.000 191.000 435.000 117.000 260.000 

1.031.000 707,000 409 ,000 123.000 31,000 

747,000 62.000 117.000 36,000 74,000 

1,152.000 340,000 363,000 &4,000 33,000 

Ci.tJon• 

I l'b Mi I N1 

440,000 

O.lS 

17,000 

9,000 

34,000 

4,000 

4,000 
52.000 

41.000 

22.000 
61,000 

34,000 
45,000 

11.000 
61.000 

8,000 
l &,000 

19,000 
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Table A-2.1. Hanford Site Underground Storage 
Tank Farm Chemical Characteristics. 

I 
Othen 

K I Se SI I Ac Na 

59,000 16-4,463.00 l 33,314,000 

0.K 21.3S ~, 
4,409.000 631.000 

27,000 15.535,000 4,941.000 

16,16.5.000 5.322.000 
ll.995,000 4,579,000 

2.6.59.000 63.000 

3.506,000 1.169,000 

4..&93.000 1.629,000 

5,722.000 1.79-4.000 
4.310,000 1.459,000 

13.316.000 940,000 

5.U7,000 2.203.000 

17.355,000 1,434,000 

11..7 &5 .000 1,782,000 

32.000 5,473,000 l,0&4,000 

5,670.000 2.132.000 

20.259.000 .l69.000 
1,768.000 599,000 

10.256,000 934,000 
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,,.---..__ 

T• ... 

II 
T••I 1'ul' I 1',u.31 I =• I = I 11234 

ccn I (l\l ('CO 0'1 (CO ""' (CTI I (l\l (CO 0 •1 (C O I 
T•ta .. •> I 1u. r-'-.J.U lJU.7%4 11 .01 ... 1.1,1 L1 .,, I 3.113.IH I 1 ... :0., ... 1 Lt!< I 

A lll ~-., ... "'"" :z.•n .. II 0 7 4&,1%4 0 310 0 

A 1U 1',13~7$7 ..... 33' 1: 14 0 I .,,,, 0 •• 0 

A . 1U •~177 ..... 34' 11 10 • I 1,771 0 51 0 

A . 11M 7,047.2,61 12,.1,a ~ :0 u 0 : 1%.017 0 ,. 0 

A lU ff,7 18 I 0 0 0 0 0 0 0 0 0 

A 1N 49,731 lC,J:t, 1.u, .. .. 0 • 13,930 0 u• 0 

AK lll 

AK 1H ' .. .. 
AK 1n 

A1< ... 
A.'< lU 

AK . lN 

A1< . ,.., 
M . 111 

M In 

M 103 

M llM 

M IU 

M IN 

M 117 

M 111 

AW lll 

AW 101 

AW IU 

AW 1M 

AW 11• ,,.-
AW IN 

,4 \,;p ·';/ 
AX 111 2,.6U 7,317 17' 10 24 0 1 1,:.S, 0 ,, 0 

AX ltl 14 ,'39 1'4 119 3 ' 0 0 :« 0 1 0 

AX us 1"3 ,lll 1 0 0 0 0 0 0 0 0 0 

AX 1M 17,0I0,977 1,001 .ID4 11 21 0 0 .. 1 0 • 0 

AY . lll 

AY lU 

AZ 111 

AZ lU 

" 111 l~l·U .•7,lji6 30 19 ll 0 1 41,494 0 l41 0 

• . lH "-"1 . ., ... 31 1 • 0 1 ··- 0 33 0 

• tu ,,.,·u 1:Z.114 171 • j 0 1 1%.,697 0 11 0 

• IN 24. 4$'1 %.,ll4 103 • 0 0 0 1,115 0 14 0 .. ... 'TT,S'70 1,2.!59 11 0 0 0 0 1.2'9 0 I 0 

• lN ,,,20 1,llJ 1 0 0 0 0 1,1,0J 0 11 0 

• 1.-r 133.lU 12.'4% 4t I 0 0 1 1:Z.S53 0 .. 0 

• 11• 142.0-U 3-'.r!.l ' 0 0 0 I 34,161 0 ... 0 

• l" 3-',321 "·"' 0 0 0 0 1 ll,"" 0 n 0 .. 111 ?.S4,7%% '7 . .Sll 1 44 • 13 0 1 41,111 0 Jll 0 

• 111 1.110,'36 :Z.1141 ll l 0 0 0 !.,!27 0 19 0 .. . 111 ,~- l,141 l 0 1 0 1 J,IOII 0 1.J 0 

• . 1ll 

• 2H 760 17,UO , .. 7 • 0 ' 17,30) 0 uo 0 

• a, 1 0 1 0 0 0 0 0 0 

• . .... u 0 1 0 0 0 0 0 0 

:ax . lll 3,- %Jl,J93 .,. 17 11 0 3 l0,4U 0 144 • 
:ax 1H 75',.1.37 JOI %1 1 1 0 0 a, 0 1 0 

:ax 103 4",31.J Ul 0 0 0 • 0 17J 0 1 0 

:ax , .. t ,%60.,09t J.«7 n 1 1 0 I '-"'" 0 ,. 0 

:ax 113 7,1,j;),d:Z.1 , .. 0 0 l 0 0 ]01 0 l 0 

:ax . lN 13,"'7,$99 41.J 0 0 1 0 0 1'3 0 1 0 

:ax . 1.-r uo.n> ~- " 1 • 0 1 ~= 0 34 0 

:ax . 1M 10,oa.s ,10 3 0 0 0 0 - 0 ' 0 

1IX tff =-- U,090 .,.. 1 0 0 • U .901 0 111 • 
:ax 110 1.,1%:S.SOl 1, ... , •• 1 0 • 0 l,.l13 0 10 0 

:ax 111 1,14"7,00l .,. 1 0 0 0 0 ..,. 0 • 0 

:ax . 1U 11,SU lS&.,'14 u 0 0 0 " l34,JJ73 l 1,631 • 

I =• I nJ.>t I ..... I ~II I h,!41 I c., .. ~-131 I o•• (CTI I (l\l ccn I m,) ,en m,1 (CTI I 0 •1 (Cll I n., ,en O>I (CO I 0•1 

u"j 1.Nnl LNll I I I I 11.1" ·"' I '·" ' 
0 0 0 

0 0 0 m, .. l 0.00 

0 0 0 1,..,1, 0.00 

0 0 0 0 0.00 

0 0 0 33 .9td 0.00 

• • 0 • 0.00 

. . 
• - . . , . . . -. --

0 0 0 0 0.00 

0 • 0 0 0.00 

0 0 0 1,.:n 0.00 

0 0 0 110,0'71 0.00 

0 0 0 0 0.00 

0 0 0 ... 1.J17 0.00 

0 0 0 .. 9,JH 0.00 

0 0 0 4,JM 0.00 

0 0 0 )6,601 0 .00 

0 0 0 1,6.56 0.00 

0 0 0 4%.,16.S 0.00 

0 • 0 1,,,.,, 0..00 

0 0 0 1%.091 0.00 

0 0 0 &o,047 0.00 

0 0 0 JJ6,Q.40 0..00 

0 • 0 114,144 0.00 

0 0 0 

0 0 0 

0 0 0 

0 0 0 0 0.00 

0 • 0 %47,sa, 0..00 

0 0 0 • 0..00 

0 0 0 !9'%.419 0.00 

0 • 0 l41.J9' 0..00 

0 • 0 .s.,ua.1u 0..00 

0 • 0 tl,YI• 0..00 

0 • 0 . .. 0..00 

0 0 0 14.61' 0.00 

0 0 0 ,,,,ooa .... 
0 • 0 331,&n 0.00 

0 0 0 ... ,., 0.00 

Table A-3. 
Tank 

C.131 I ·-rcn O>I (CO I 
::t.!71.ffl , .. , !3..U7..!N t 

:Z.'54.91• 

:.., ... I ',71',454 1,.,.. 0 11.u, 
0 0 3.,!04,12.1 

l!. IJ6 I 0 

0 0 0 

0 0 0 

0 0 0 

r:.: :, 0 11. 61d 

l16,J67 3 a..sn..s,11 

0 0 • 
?,- . 0 , .. .,.,. 0 9,1$4 

"·"' 0 7,:,07 

ll..69-4 1 1.ll6 

1,1!4 0 149 

4-'.J11 1 ::.uo 
]1,6'4 1 44,10 

1z.m 0 ].lll 

63.U'l 1 !'l..no 
3 ...... 14 0 

131,734 ' 124.,110 

0 0 0 

1':Z.04l 7 u,.311 

0 0 132,967 . ...., .. ,. 11.521 

14!\ '-IO • J.7&4,049 

..s...,,iJn 141 l--"4.17• 

U.1 11 0 '1,!n 

430 • 4,.33] 

1.U:1' 0 34"7,741 ,...,., 
' = .. , 

l1',.37' 10 

__ ..., 
..... • 4,1'8 

WHC-EP-0566 

Hanford Site Underground .Storage 
Radionuclide Composition. 

(sheet 1 of 3) 

I - I OU...n 

0'1 (CTI I Olil (CO I 0>1 

"' I 
!3.:.aa.•n I ,.11 I 1.1n..,, I 1t.1, 

'1 %.4S7.S,4 .... .,,_ 1 .. tt 
107 ',r..oo.s o.m u1 • ..oi U7 

0 1a.1n 0.00 %Jl,Jl0 0.3' 

" l,.504,91' 0.01 l7,4Jj 0.6l 

0 0 0 .00 u 0 .00 

0 0 0..00 - OS4 

0 0 0.00 :Jll o.o, 
0 0 0 .00 H , IOl a~, 
0 11. ... 0.00 !.46' 0 .04 

139 &.6k,A:a .... ...,., u, 

0 0 0..00 10..$60 0.11 

0 l°' 0.00 "" 0.01 

0 9,1M 0..00 _%.,Ol9 0.44 

0 7,.l61 0..00 171 0.00 

0 l,ll6 0.00 19t O.Ol 

0 141 0.00 14 0.00 

0 Z:,Uj 0..00 1n 0.01 

1 44,1!2 0.00 .., 0.00 

0 .s..:n 0..00 19 0.00 

1 !&.!U o.oo ll,Ul O.l4 

0 0 0..00 1,'761 o.u 
1 11"-JJI 0.00 3'1 0.01 

"" 0.01 

1 0 .00 

10 .... 
0 0 0..00 3,311 OM 
1 u,.,,. 0..00 7,Ul 0.13 

• Ul,01' 0..00 "' 0.01 

0 11.S"-' 0.00 4.161 0.11 .. ],7"4,n-lli OJl1 ll,S01 O..ll 

1' 1,.!&4,6U ... , ·~ 0.1' 

1 '1.391 0.00 !.,OCI 0.42 

0 ·= 0..00 .. 0..00 

• "'·"' 0.00 ,.cm 0. 1% 

l 14>,0U 1.00 ... , 0.01 

' 204,llt 0.00 "1 0.01 

0 ..., .. 0.00 130 .... 
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T .. a I T-l p.n, I hJ.3a l1UI I 11"1.U I tr ..... I (CD I Ot.\ <en (T>I <en I n•1 <en I n•• (Cl! I (T>l (en I (T>J 

T•ta• •> I l"-1~ 3,lU..7%, lt , 411 '" 1.1!1 I t . l .,. I l.1113.•M I ,ut 11.•u I L1'4 I ,_..,_, I 

llY 111 1.!M,71.3 lU 0 0 0 0 0 Hl 0 l 0 0 

:av 111 '31.0U 2.109 0 0 0 0 0 1.7U 0 II 0 0 

:av 1&3 1,J'4.$11 J0,919 '" n " 0 • l0.7ll 0 lU 0 0 

llY 1M 1.$11.17> ll<.= lU • 1, 0 u 314,-"9 l 1.Cl?.3 0 0 

llY . 1e.., 1,Z00,9'1.3 119,'10 .. l 11 0 11 119,JU I , ... 0 0 

llY 1H 1,.WZ.H.!I 1,411 ll I 10 0 0 1,nl 0 11 0 0 

:av 1rT .. "-l .. ll ,4'1 " I 1 0 • 3l.I30 0 11, 0 0 

:aY 1N .5.51.%41 ..... H 1 10 0 1 ,._ 0 ll 0 0 

:aY '" •k ,44l ~17? 0 0 0 0 0 1.1-"l 0 ,. 0 0 

'.IY . 111 1,4U,6l1 o, .. 1 11 0 0 .,. • l 0 0 

'.IY . Ill 1.$97,- 7,02 0 0 0 0 I 1.J'1 0 47 0 • 
~v . IU ll,0,.1$9 l>l 0 • 0 0 0 '" 0 1 0 0 

C lll 44.>.lk ll ,050 111 • 1 0 l 11,95,1 • n 0 0 

C UJ l,9ff,U.S 100,$3' 1,011 71 $l 0 u 9',1H I U3 0 0 

C 1&3 ,,,.1...,., 47.311 1 .. 11 , 0 7 <14,971 0 ,,. 0 0 

C . , .. 113,7,0 '1 ,04.5 ... 1.3 .. 0 ' ... - 0 ,.., 0 • 
C .. , 6,00.,,911 n .1n 1., 12 ,. ,. • I• 91..Ul 1 ,., 0 0 

C lH 1,l),44,,.,SJ2 17,-'Jl )Oj It ' 0 l 17..l'9 0 111 0 0 

C lN 11,.2u 13..51' 1U ' • 0 • ?J,J.S., 0 1•9 0 0 

C lH •.un '·'" .. l 1 0 I ,.,11 0 n 0 0 

C '" 10.1-•'1 1,.3$1 1 0 0 0 0 1,.5-41 0 10 0 0 

C Ill 13.9'1 .. , Ill • II 0 0 Ill 0 • 0 0 

C Ill 1IOJ21 6, &-40 .. l ' 0 1 6, 19'1 0 ... 0 0 

C lU 11,05' 10,1S7 •1 ? 1 0 l 10.1n 0 .. 0 0 

C lit 13 u 0 0 0 0 0 u 0 0 0 0 

1;.:..._ 

---) 
C :e1 u 1,494 0 0 0 0 0 1, 41-4 0 10 0 0 

C :al 1.::., , .. 0 0 0 0 0 , .. 0 l 0 0 

C ::.H I 1 0 0 0 0 0 l 0 0 0 0 

• Ill 1.!H..Jfj 1',05' 11, 7 14 0 l 14,90 0 97 0 0 

• 1n •~= Z..:10 " I : 0 0 1., .. 0 14 0 0 

• IU l.U< "' . 1 0 0 0 0 , .. 0 I 0 0 

• , .. 991 .41' 13 .056 179 • ' 0 ? 11.9!1 0 .. 0 0 

• 10, u:z..o,, 141 ll 0 0 0 0 l>l 0 l 0 0 

• 1H J5&.U1 100 1 0 0 0 0 .. 0 l 0 0 

• lrT 1.Z,.C.360 .. ..... 1.102 lP .. 0 11 77,"19 1 ,., 0 0 

• 1N ,,.., ..... 1,-'" 17 1 l 0 0 1.$3• 0 11 0 0 

• I" :..':'07.JU , ... l 0 0 0 0 170 0 I 0 0 

• lit J,,...,.,,... .S.616 " l 1 0 I , .. n1 0 ,. 0 0 

• lll 4,006,,l.n IOl ' 0 0 0 0 ,n 0 ' 0 0 

• Ill 11..-.n, 1'0 I 0 0 0 0 ICI? 0 1 0 0 

3X lit 1,.(.0Q.4-13 , ,%1$ , .. 1 ,. 0 l 9,1H 0 .. 0 0 

u 111 3,91%.Ul 1, 19• 19 I • 0 0 1.1,, 0 I 0 0 

3X IU ,,6,64.66.l •1' 1 0 I 0 0 ,., 0 l 0 0 

3X 1M 314,.jJl 1,6.31 191 ' l> 0 I 7,$74 0 .. 0 0 

3X lU 1,17S,.644 ... 16 I • 0 0 -• l 
0 • 0 0 

3X 114 11>.~ 1.0:s 0 0 0 0 0 l,J9S 0 • 0 0 

3% 1rT l .4.A.4" 10.uo U17 ' ?O 0 1 10.76] 0 "' 0 0 

3% , .. Z.U1,.j38 11 ,"-l U9 10 " 0 1 11-547 0 A 0 0 

sx '" '-"·'" 1 ,119 17• ' " 0 1 7,0.5-4 0 $4 0 0 

3X . ltt 1.~.s 11,034 17] . 10 ' 0 1 10,9'10 0 ,, 0 • 
3% 111 ~01.l,S'tl 14,lU ,.. 11 ll 0 1 H,OOl 0 Ill 0 0 

sx tU U09,'1J .... , ?00 1 II 0 I ,,,.. 0 " 0 0 

3X 113 l,<4J,£.7S7 l.-ll'I ., 1 1 0 0 l,.!1' 0 " 0 0 

sx 11• t..11,.cao 11,1'79 <• l 1• 11 0 l 17,711 0 Ill 0 0 

3% tu l,...,.n• ,,,11 Ill • l 0 I 4.$40 0 " 0 0 

3Y ltl 

>Y 1n 

3Y . 1u I I I 

11"1.U I n,.,o I ,,.iu I nut I l'wJ.•1 I c.i .... I J.llf I (CO I ,m (CO I n., (Cl! I "'' ,en "'' (CO I ,,., ,en I "" <en I (T>l 

LN'1 I I .MU I I I I I I I :1.1tt."1 I LN! 

0 : I H,.9'1$ O.DO 

0 13l,ll9 0.00 

0 0 U,104 0.00 

0 0 4&1,9"..A O.DG 

0 0 )6-4.~1 O.DG 

0 0 463,3 .... O.DO 

0 0 170.010 0.00 

0 0 110.144 O.DO 

0 0 14&.$.!II O.DO . . 
0 0 

• . 
414.115 0.DG 

0 0 .,o.,u 0.00 

0 0 16.151 O.DO 

0 0 161,o:a1 O.DO 

0 0 0 0.00 

0 0 0 0.00 

0 0 0 0.00 

0 0 :u.990 0.00 

0 0 

0 0 1,.!l.5 0.00 

0 0 • O.DO 

0 .. • ,s.-1 0.00 

0 0 0 0.00 

0 0 l ,7'9 0.00 

0 0 l,.lU 0.00 

0 0 1 0.00 

0 0 0 O.DO 

0 0 0 0.00 

0 0 0 0.00 

0 0 ll ,Sl• l 0.00 

0 0 0 0 .00 
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Table A-3.1. Hanford Site Underground Storage 
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C.UT ~ 'YM o-~ 
(CO (II,) (Cl! (11,l ccn (11,l ,en 0•1 

lt.lt3...,., , .. !.1.:,.tf_..,. A3 !!.:.N.1'11 • 1..1~"' " 
l!j,.14' ' 11.sn.,n - ll.JIOl,'53 • l:l.5,1'0 ' 

Ill.JU l l.111.6CI 139 l.11l.!6-I • M.1>4• 1 
.. 

),016.111 u na.n• • %1a,D> 0 l .. U& 1 
,,,u.ou '" ..,.,..,,. , .. <...'01.D1 0 11,:,, 1 

l .612.1'°' n t.9"ZJ.J41 •T 1.n,.00, 0 41.131 t 

431,90I 11 .s,:us.01, D -',llf= 0 lH.1.2.l l 

,.1,t.o-n u, 4,'11.,$-4$ 1l .... ~..s..,&J 0 .$4,0'1, 1 

l ,.5l3,Sll " ll,s4,.!9'1 1n 11,n.:,, • 131,iSU • 
4'.SU 1 114,0,40 l 11,,o.s:, 0 ··- 0 

1.7ll,1't I ,. 1,19'7,.]14 " l, l '1,6"j 0 69,6.5,1 I 

140,$,,14 ' 39',4,l.4 • ,,..m 0 11.SA • 
41(\IOI 11 n!.611 • >'J.7l• • 1~190 0 

A-25/A-26 



WHC-EP-0566 

BIBLIOGRAPHY 

TANK INFORMATION 

Anderson, J . 0. , 1990, A History of the 200 Area Tank Farms , WHC- MR-0132, 
Westinghouse Hanford Company, Richland, Washington. 

WASTE VOLUMES 

Hanlon, B. M., 1991, Tank Farm Surveillance and Waste Status Report for 
September 1991, WHC-EP-0182-42, Westinghouse Hanford Company, 
Richland, Washington. 

CHEMICAL INFORMATION 

DeF igh-Price, C. , D. L. Merrick, R. D. Prosser, S. A. Wi egman, and 
R. T. Wilde, 1985, Hanford Defense Waste Disposal Alternatives: 
Engineering Support Data for the Hanford Defense Waste - Environmental 
Impact Statement, RHO-RE-ST-30 P, Rockwell Hanford Operations , 
Richland, Washington. 

RADIOLOGICAL INFORMATION 

Boomer, K. 0. , 1991, Systems Engineering Study for the Closure of Single-Shel l 
Tanks, WHC-EP-0405, Vol. 1, Draft A, Westinghouse Hanford Company, 
Richland, Washington. 

DeFigh- Price, C. , D. L. Merrick, R. D. Prosser, S. A. Wiegman, and 
R. T. Wi l de, 1985 , Hanford Defense Waste Disposal Alternatives: 
Engineering Support Data for the Hanford Defense Waste - Envi ronmenta l 
Impact Statement, RHO-RE-ST-30 P, Rockwell Hanford Operations, 
Richland, Washington. 

A-27 



WHC-EP-0566 

This page intentionally left blank. 

A-28 



WHC-EP-0566 

APPENDIX B 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

8- 1 



WHC-EP-0566 

APPEND IX LEGENDS 

Containment Legend 

• Tank 
- Single Steel Shell 
- Double Steel Shell 
- Concrete 
- Rubber Lined 
- Glass Lined 

• Vault 
- Octagonal 
- Pillar and Panel 
- Partitioned Square 
- Concrete 
- Stee 1 Liner 

Construction Materials Legend 

• Carbon Steel 
• Stainless Steel 

- 347 
- 304L 

• Reinforced Concrete/Cement 
• Rubber 
• Glass 

Radioactive Isotopes Half Lives 

(SSS) 
(DSS) 
(C) 
(RL) 
(GL) 

(0) 
(P&P) 
(P) 
(C) 
(SL) 

(CS) 
(SS) 
(SSI) 
(SS2) 
(RC) 
(R) 
(Gl) 

24,400 years 
86 years 
4.51 x 109 years 
7. I x 108 years 
2. 47 x 105 years 
1.62 x 105 years 
8.0 x 104 years 
1,600 years 
21 years 
2.5 years 
284.9 days 
2.55 minutes 
30.23 years 
28.1 years 
64 hours 
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Table B-1. Characteristics of the K-65 Residues Stored at the 
Fernald Environmental Management Project. 

Silos 1 and 2 
Characteristics Vitro Litz NLO Gill 

(1952) (1974) (1980) (1988) 
Physical 

Dry weight (kg) 1.59 X 106 -- 8.79 X 106 --
Volume (m3) 3,155 -- 5,552 --
Density (kg/m3 ) 1,179 -- -- --
Water content (%) 30 -- -- --

Radiological 
Analyte (ppm) (ppm) (ppm} (ppm) 

Radium 0.3 0.28-0 .36 0.2 0.13-0 . 21 
Uranium 2,110 1,800-3 , 200 600 1, 400-1,800 
Total thorium -- -- -- 301-322 

Chemical 
Carbonates+ -- -- -- --
Sulfates (%) 20 -- -- --
Quartz (%) 25 -- -- --
Muscovite (%) 60 -- -- --

Silo 3 
DOE 

( 1987) 

--
3,902 

--
--

(kg) 

0.0151 

18 ,000 
--

--
--
--
--

NOTE: Data validation is currently in progress (DOE 1991) . 
•Assumes all radium in K-65 residues is 226Ra with specific activity of 

0.988 Ci/g. 
Source: DOE 1991. 

8-3 



Table B-2. Radionuclide Concentrations in the Silos (1989 Sampling Program). 
(sheet 1 of 2) 

Silo 1 

Nuclide Sample numbers 
(pCi/g) SlNEIA SlNEIB SlNEIC SlSEl S1SE2 SlSWl SlNWl 

22sTh ND ND ND ND ND ND ND 
210Th 21,412 39,693 30,751 10,569 20,848 40,818 43,771 
212Th ND ND ND ND ND ND 766 
226Ra 108,100 192,600 166,400 116,800 89,280 181,200 163,300 
22sRa ND ND ND ND ND ND ND 
210Pb 181,100 83,110 77,460 71,920 48,980 69,480 54,350 
214u 815 326 622 663 814 594 897 

£ 
:I: 
n 
I 

ICXI FT1 21s,236u I "'0 ND ND ND ND 56 ND 50 4a I 

z3su 920 398 610 

U total (ppm) 2,753 1,189 1,831 

Nuclide 
(pCi/g) S2SW1 S2NW1 S2NE2 

22sTh ND ND ND 
210Th 31,825 32,784 8,365 
212Th ND ND ND 
226Ra 145,300 61,780 657 
22sRa ND ND ND 

545 ·759 

1,633 2,280 

Sample numbers 

S2SW2 S2NEI 

411 ND 

29,716 40,124 

851 ND 

104,900 65,520 

ND ND · 

532 

1,602 

S2NW2 

638 

25,391 

ND 

68,310 

ND 

687 

2,066 

--
--
--
--
--
--

0 
01 
0\ 
en 
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Table B-2. Radionuclide Concentrations in the Silos (1989 Sampling Program) 
(sheet 2 of 2) 

Silo 1 

Nuclide Sample numbers 
(pCi/g) S2SW1 S2NW1 "S2NE2 S2SW2 S2NE1 
210Pb 141,900 145,200 87,930 77,940 150,700 
234U 859 1,107 974 121 848 
21s,216u ND 74 47 ND 36 
21su 661 1,069 874 46 814 

U tot a 1 (ppm) 1,972 3,210 2,620 137 2,437 

NOTE: Data validation is currently in progress (DOE 1991). 
ND= Not detected. 
Source: DOE 1991. 

S2NW2 --
399,200 --

1,404 --
70 --

1,240 --
3,717 --

Table B-3. Radionuclide Concentrations in the Silos (1989 Sampling Program). 
(sheet 1 of 3) 

Silo 3 

Nuclide Sample Numbers 
(pCi/g) #21 #22 #23 #24 #25 #26 

221Ac 523 416 234 1,363 534 706 
211Pa 521 401 266 NA 556 889 
22sTh 907 ND 554 ND 459 859 
210Th 41,911 33,881 21,010 71,650 40,968 41,555 

~ :c 
n 
I 

l'T1 
""0 
I 

0 
U1 
0\ 
0\ 

- ------- - - -----



co 
I 

0\ 

Table 8-3. Radionuclide Concentrations in the Silos (1989 Sampling Program). 
(sheet 2 of 3) 

Silo 3 

Nuclide (pCi/g) 
Sample Numbers 

#21 #22 #23 #24 #25 #26 
z32Th 1,451 ND 815 911 411 ND 
22,Ra 453 451 64 213 295 335 
226Ra 2,589 2,192 467 6,435 3,073 1,862 
22sRa 525 559 82 ND 392 441 
210Pb 2,437 2,221 454 6,427 2,493 1,910 
z34u 1,935 1,618 348 1,524 1,467 1,910 
z3s1236u 152 117 ND 127 54 76 
z3su 2,043 1,649 320 1,600 1,392 1,860 

U total (ppm) 4,040 4,305 738 2,595 3,064 4,554 

Silo 3 

Nuclide (pCi /g) 
Sample numbers 

#27 #28 #29 #30 #33 --
221Ac 421 412 443 773 566 --
231Pa 458 NA 564 931 431 --
22slh ND 996 537 ND 949 --
z30Th 53,227 63,649 61,190 68,759 65,488 --
z32Th ND 755 672 581 672 --

a: :c 
n 
I 

l'T1 
"'tJ 
I 

0 
u, 
0\ 
Ol 
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Table 8-3. Radionuclide Concentrations in the Silos (1989 Sampling Program) . 
(sheet 3 of 3) 

Silo 3 

Nuclide (pCi /g) 
Sample numbers 

#27 #28 #29 #30 #33 
224Ra 370 106 137 449 313 
226Ra 1,518 3,702 4, 169 2, 240 4,451 
22sRa 325 ND 117 360 415 
210Pb 1,084 2,589 3,553 1,942 3,674 
z34u 1,317 1,052 1,843 1,643 1,600 
23s,236u 80 42 158 75 118 
23su 1,243 994 1,951 1,574 1,878 

U total (ppm) 2,740 1,463 1,114 4,050 3,854 

NOTE: Data validation is currently in progress (DOE 1991). 
NA= Not analyzed. 
ND= Not detected. 
Source: DOE 1991. 

--
--
--
--
--
--
--
--
--
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Table 8-4. Organics Concentrations in the Silos. 

Contaminant Silo 1 Silo 2 Silo 3 

Volatile organics analysis data (ppb) 

Methylene chloride 840-4,100 1,100-6,300 1,000-2,800 
Acetone 140-5,300 ND-1,600 3,400-12,000 
Chloroform 480-1,500 660-1,300 560-810 
2-butanone 7,100-21,000 7,800-15,000 9,700-16,000 
4-methyl-2-pentanone ND-1,400 ND-2,700 ND 
Toluene ND-430 ND-250 180-6,800 
Trichloroethane ND ND-120 ND 
Chloromethane ND ND ND-140 
Styrene ND-350 ND-200 ND 
Total xylenes ND ND-200 ND 

Semivolatile organics analysis data (ppb) 

Bis (2-ethylhexyl) phthalate 93-6,000 ND-560 ND-40 
Di-n-octyl phthalate ND-820 ND ND 

Pesticide organics analysis data (ppb) 

Aroclor-1248 ND-8,000 ND ND 
Aroclor-1254 1,100-14,000 420-6,000 ND 

NOTE: Data validation is currently in progress (DOE 1991). 
ND• Not detected. 
Source: DOE 1991. 
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Table B-5. Inorganics Concentrations in the Silos (1989 sampling program). 

Contaminant (ppm) Silo 1 Silo 2 

Aluminum 60.4-1,430 464-2,570 

Antimony ND ND-7.2 

Arsenic 14.7-68.4 57.5-1,960 

Barium 1,970-7,860 89.2-8,370 
Beryllium 0.88-2.8 0.66-6.0 
Cadmium 2.1-8.0 3.4-19.1 
Calcium 2,150-5,700 2,430-301,000 
Chromium 21. 0-165 12.9-68.8 
Cobalt 349-1,260 6.2-2,430 
Copper 122-473 ND-1,790 
Iron 4,340-75,100 4,010-37,800 
Lead 35,800-85,100 153-29,800 
Magnesium 1,500-6,020 1,520-8,740 
Manganese 33 .5-257_ 74.2-403 
Mercury 0.23-2 .8 ND-2.3 
Nickel 629-2,580 14.6-2,200 
Potassium 158-492 37.8-289 
Selenium 106-180 ND-118 

Silver 5.0-23.3 ND-22.8 
Sodium 360-13,100 226-4,070 

Thallium ND-0.52 ND-1.4 

Vanadium 72.2-240 21.9-214 
Zinc 14.4-212 11.2-154 
Cyanide 0.52-4.4 ND-4.5 

NOTE: Data validation is currently in progress. 
ND• Not detected. 
Source: DOE 1991. 

B-9 

Silo 3 

10,800-23,700 

ND 

532-6,380 
118-332 

10.0-39.9 
21. 5-204 

21,300-39,900 

139-560 

ND-3,520 

1,610-7,060 
13,900-67,600 

646-4,430 
38,200-80,900 

2,420-6,500 

ND-0 .69 

1,200-6,170 

1,300-22,800 

101-349 

9. 2- 23.8 

22,900-51,700 

3.1-73.9 
418-4,550 

301-672 

ND 

..... 
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Table 8-6. EP Toxic Metals Range of Values for K-65 and Metal Oxide Silos 
(1989 sampling program). 

Analyte Silo 1 Silo 2 Silo 3 (ppm) 

Arsenic ND-0.484 0.163-0.592 ND-41.5 
Barium 0.079-14.5 0.095-2.62 0.020-0.156 
Cadmium ND-0.100 0.017-0.278 0.108-6.32 
Chromium 0.020-0.964 ND-1. 02 0.336-11. 9 
Lead 0.159-904 0.155-714 ND-1.01 
Selenium 0. 217-0. 997 0. 240-1. 56 0.92-11.7 
Silver ND-0.121 ND-0.213 ND-0.032 
Mercury ND ND ND-0.003 

NOTE: Data validation is currently in progress. 
ND• Not detected. 
Source: DOE 1991. 
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Table B-7 . Geotechnical Analytica-1 Results (1989 sampling plan). 

Water Speci fie Sample IO Color content 
{%) gravity 

SI-NE-IA Dark brown 50.7 3.I9 

SI-NE-IC Light brown 71. 5 2. 74 

Sl-SE-2T Sandy brown 31. 9 3.37 

SI-Compos. NA 22.8 2.58 

S2-NW-IA Brown 25.9 2.87 

S2-NE-2BT White 21.8 2.59 

S2-SW-1A Black 73.5 3.11 

S2-Compos. NA 34.2 2.78 

S3-NW-IA Reddish brown 7.4 2.35 

S3-NW-1C Brown 3.7 2.08 

S3-SE-IA Reddish brown 10.2 2.58 

S3-SE-1C Dark brown 6.3 2.29 

, SJ-Compos. NA 3.8 2.75 

NOTE : Data validation is in progress {DOE 1991). 
NA= Not applicable. 
NP= Non plastic. 
Source : DOE 1991. 

Liquid Plastic Plasticity 
limit limit index 

55.2 50.0 5.2 

70.3 66.6 3.7 

NP NP NP 

NP NP NP 

NP NP NP 

NP NP NP 

NP NP NP 

NP NP NP 

NP NP NP 

NP NP NP 

NP NP NP 

NP NP NP 

NP NP NP 

200 Sieve 
(percent 
finer) 

72. 7 

71. 5 

43.9 

54.5 

39.8 

51.9 

63.3 

38. l 

93.2 

93.9 

90.0 

92.9 

87.8 

~ 
:I: 
n 
I ,.., 

-a 
I 

0 
u, 
en 
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Table B-8. Fernald Environmental Management 
Project Underground Storage Tank 

Physical Characteristics. 

-·· 

11•1 

I T,mp. l!:.d••'" t..h.. I S-c O.~•• 

(Fl (pl) (Cori,.) (Bbolarl I ~~ ,~-
UlG.0001 I 

1,i21l,IXXI . , [,..,.,«-,o~w .. 
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I 
I 

Tank Teeal Tetal H20 pH 
Oqaaics I· Ani•a.s 

I · (SU•) ·. (Dry) COl I . Cl r OH NOl I NO? I 1'04 504 Al B& CA I 
I 

.xi, 
,. 1;;:~1 161..UOO 77,100 4007,uw 

0.3 ~ 4.r,,,, 

7 15,339,000 7,455,000 7,884,000 5,600 36,600 29,000 
15,339,000 9,142,000 6,197,000 13,800 38,700 1,387,000 
8,820,000 8,211,000 609,000 141,600 1,800 251,000 

C.ti•a• 
Cr r. n I Mc 

~30 ...,..,uw oll,wu 

O.K 2.1~ 1.li'!fo 1.5~ 

690 296,000 45t000 28,000 
370 191,000 137,000 94,000 

2,870 335,000 42,000 489,000 

WHC-EP-0566 

. Table B-9. Fernald Environmental Management 
Project Underground Storage Tank 

Chemical Characteristics (pounds). 

Olh•rw 

NI K s. Si I Ac I Na 

M,-;oQ lln,l!OO .J,.16,11 

I 
~ ~Zto,QQQ ~y,,,.,.. 

o.:m O.J'JI, o.~ o.~ 1.1~ 51.~ 

Z3,900 2,400 1,070 110 100,000 6,480,630 
i0,100 1,500 540 100 20,000 7,247,890 
30,300 98,900 1,850 140 306,000 6,510,540 
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Table B-10. Fernald Environmental Management 
Project Underground Storage Tank 

Rad i ological Characterist i cs. 

(Cll 
C.137 

(Ul 
. s..,. I no 

,en I 1n 1 <Cll ,m 
I I 

I I 
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APPENDIX C 

IDAHO NATIONAL ENGINEERING LABORATORY TANK DATA 
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APPENDIX LEGENDS 

Containment Legend 

• Tank 
- Single Steel Shell (SSS} 
- Double Steel Shell (DSS) 
- Concrete (C} 
- Rubber Lined (RL} 
- Glass Lined (GL} 

• Vault 
- Octagonal (O} 
- Pillar and Panel (P&P} 
- Partitioned Square (P} 
- Concrete (C} 
- Steel Liner (SL} 

Construction Materials Legend 

• Carbon Steel 
• Stainless Steel 

- 347 
- 304L 

• Reinforced Concrete/Cement 

(CS} 
(SS} 
(SSl} 
(SS2} 
(RC} 
(R) 
(Gl) 

• Rubber 
• Glass · 

Radioactive Isotopes Half Lives 

24,400 years 
86 years 
4. 51 x 109 years 
7 .1 x 108 years 
2.47 x 105 years 
1.62 x 105 years 
8.0 x 104 years 
1,600 years 
21 years 
2.5 years 
284.9 days 
2.55 minutes 
30.23 years 
28.1 years 
64 hours 
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Table C-1. Idaho National Engineering 
Laboratory Underground Storage Tank 

Physical Characteristics . . 

HutO• t,• c I (Bt• /1,r 11.,...,.. 
(Bt.Ar) ,-.re.• ) 

i~ u 

l,llOO 2.S SodiaaWuc.c 
3,600 2.S Sodi• m.Wutit 

28,!XXl 20.3 Al•mia .. Wutc 
3,600 2.S SodiamWuu 
3.600 2.S Sodiacs Wut~ 

3,600 2.S Sodiom W,u.~ 
3,200 2.S Sodi• mWutc 
9,300 10.2 Zlreot.i11.m Wute 
9,llOO 10.l Zireoaitaa Wutc 
6.700 !0.2 Zircoaiam Wutc 

J Spa"' 
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Taal< I Te&al . I Te&al H20 pll · 1 Ori,aaics Aai•a• I (Dry) C03 I a I F I OR I N03 NO? I P04 I S04 Al 

Te1al.a => 

I 
23,410,000 6,242,!00 17,167,.500 I 25,.500 I 311.9()0 I I ",5-0,?00 15&,000 25&,-IOO 

71J'!II. Q.1'!11, 1-3'!!, 19.4'!1. O."r.!. 1.1':'o 

WM-180 I.500,000 406,500 1.093,500 <<1 2,400 500 320,300 6,000 18,000 
WM-lSl 2,850,000 Tn..JOO 2,0TT,iOO <<1 4,600 900 608,500 11.400 34,200 
WM-In 2,850,000 829,300 2,020,700 <<1 700 900 658,400 18,500 43,000 
WM-133 2,850,000 772.JOO 2.on,100 <<1 4,600 900 608,500 11.,400 34,200 
WM-l!W 2.830.000 766.900 2.063,100 <<1 4.500 900 604.200 11.300 34.000 
WM-1&S 2,880,000 780,.SOO 2,099,500 <<1 4,600 900 614,900 11.500 34,600 
WM-136 2,.540,000 688,300 1,851,700 <<1 4,100 800 542.300 10,200 30,500 
WM-137 · 1.,830,000 439,200 1,390,800 <<l 109,600 209,900 27,800 13,600 
WM-183 1,960,000 470,400 1,489,600 <<1 117,400 214,800 29,800 14,500 
WM-189 L320.000 316.600 1.003.200 < <1 79.100 151.400 20.100 9,800 
WM-190 I I I I I 

Cadea• 

I Ba I Ca Cr I Fe p~ I ~,: 

~ o.~I 14,300 I J..800 
0.1-:r. o.t':!o O.OI'. 

uoo 800 
2,900 1.400 
7,700 1.000 5,400 1.800 
2,900 1.,400 
2.800 1.400 
2,900 1.,400 
2,500 1,300 

200 400 
200 500 
100 300 

I I 

NI 

IIOO 

0.0I'. 

500 

100 
100 
100 

I 
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Table C-2. Idaho National Engineering 
Laboratory Underground Storage Tank 
Chemical Characteristics (pounds). 

I Othcn 

K Sc I SI I A,: I Na 

24,900 I I 50&,500 3'?,.."00 
Q.l';!, ?.~ 1.5'lf. 

uoo 45,800 9,700 
2,900 86,900 18,600 
9,400 37,300 44,700 
2,900 86,900 18,600 
2.800 86,300 18. 700 
2,900 87,800 19,000 
2,500 n .soo 16,600 

TT,600 
83,100 
55.900 

I 
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WM-115 1,96UOO 31l 21,300 m 
WM-IN 1,730,000 711 19,:llO 612 
WM-117 4;m,900 ~ 

'l't'M-la 4,6&&,JOO 101 
WM-ltt 3.ll&.000 61 
WM-1.90 

( 
I 
'-,:;. _, 

R.,l:U PmU7 c., ... 8aU7 

I 
C.1.31 

n•i /Cl mi (Cl) I ml (Cl) (J\l /Cll 11•1 (Cl I 
"67.200 .... 1 I l'-"97.ooo 

17,000 0.012 539,000 
32,400 0.0'22 1,025,000 

453,100 Q.314 7,0Zl,000 
32,400 o.ozz 1,025,000 
32.100 o.ozz 1,0l&.000 

32.700 O.OZl 1,036,000 

2&.800 Q.021) 913,000 
13,900 0.010 2,l49,000 
14,300 Q.010 2,730,000 
10.000 0.007 1.339.000 
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Table C-3. Idaho National Engineering 
Laboratory Underground Storage Tank 

Radiological Characteristics. 

Srl'O y,o OdHn 

n•i ,en I (J\l ,en 11•1 ,c, ,,., 
lOl 16.J-dOOOI ... ~ 

13.73 4~000 7.J 
26.11 163,000 13.J 

17U& 7,(1)9,000 llJ.S 
26.11 163,000 13.J 
U.!13 &57.000 13.7 
26.39 1'72,000 13.9 
23.ZS 769,000 12.3 
~ 1,JU.000 29.0 
S.S3 1,9-14,000 31.1 
46..M 1.JO'l.000 20.9 

C-7/C-8 
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APPENDIX LEGENDS 

Containment Legend 

• Tank 
- Single Steel Shell (SSS) 
- Double Steel Shell (DSS) 
- Concrete (C) 
- Rubber Lined (RL) 
- Glass Lined (GL) 

• Vault 
- Octagonal (0) 
- Pillar and Panel (P&P) 
- Partitioned Square (P) 
- Concrete (C) 
- Steel Liner (SL) 

Construction Materials Legend 

• Carbon Steel 
• Stainless Steel 

- ·347 
- 304L 

• Reinforced Concrete/Cement 

(CS) 
(SS) 
(SSl) 
(SS2) 
(RC) 
(R) 
(Gl) 

• Rubber 
• Glass 

Radioactive Isoto~es Half Lives 

24,400 years 
86 years 
4. 51 x 109 years 
7 . 1 x 108 years 
2.47 x 105 years 
1.62 x 105 years 
8.0 x 104 years 
1,600 years 
21 years 
2.5 years 
284.9 days 
2.55 minutes 
30.23 years 
28.1 years 
64 hours 

D-2 
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Table 0-1. Oak Ridge National Laboratory Active Tanks 
Chemical and Radiological Sample Results 

(Tanks W-21, -23, -24, -25, -26, -27, -28, and -31). 
(sheet 1 of 2) 

Ciancteristic 

P!MX2i IJ!YProiCS and misa:tlaDeom data 
ms (ml{ml.) 
TS (mctmL) 
Density (llmL) 
IC (ml/L) 
TC (mlfl.) 
TOC (ml/L) 
R CR.A IIICia• . 
Al (mlfl.) 
. .a.s (mlfl.) 
Ba (m11L) 
Ca (m11L) 
Cr (IDI/L) 
Hg (mlfl.) 
Ni (mlfl.) 
Pb (11111L) 
Se (IDCIL) 
TI (mlfl.) 
Pmcz:ss metals 
.-\I (m;,L) 
13 (mlfl.) 
Cl (mc,L) 
Co (IDI/L) 
Fe (ml/L) 
K (mlfl.) 
M; (mc/L) 
Na (me,1.) 
Si (mc,L) 
Sr (mCIL) 
Th (m"L) 
·U (m11L) 
/\niom 
Chlonde Q:!) 
Fluoride (1:i) 
!'licnte (1:i) 
Phosphate (1:i) 
Su~te (?:i) 
Alkalinity 
pH 
w Q:D 
OH" (?:i) 
co/ (M) . 
HCOj (?:i) 
Rcw'p111ma emitters 
Gn:m alpila (Bq,mL) 
Grou bC1a (Bq/mL) 
''c (Bq,mL) 
1'4Cc (Bq/mL) 
61Co (Bq/mL) 
IJ4ea (Bq/mL) 
117Ca (Bq/mL) 
wEu (Bq/ml.) 
'"Eu (Bq/ml.) 
wEu (Bq/mL) 
1H (Bq/mL) 
"Nb (Bq/mL) 
1~u (Bq/mL) 
-sr (Bq/mL) 
"Z: (~illL) 
Nplla eminen 
.!tu (Bq/ml.) 
.wu (Bq/mL) 
!19puf4fpu (Bq/lllL) 
;Jlpuf'' Am (Bq/ml.) 
l'4Cm (Bq/ml.) 

'N:1-U 

393 
421 

1.2391 
<l.0 
m 
nt 

l.l 
3.8 

:, 
2.0 

1:1 
0.9'2 

15 
7.1 

<::.3 
<0.94 

<1..2 
1.0 

23000 

:.;o 
20000 
5600 

61000 
<1 

160 
95.l 

150 

0.059 
<0.053 

5.0 
<0.0,3 
<0.0,2 

0.56 
0.085 

2.14c+03 
, .99e+05 

<l.0.+00 
<1.5e+03 

8.50c+03 
5.l2e+03 
3.19e+OS 
3.3lc+04 
1.66c+04 
5.l2e+03 
3.50c+o2 

<l.5c+02 
l.95e+03 
7.46e+04 

<i.le+cl 

6.80c+Ol 
3.96e+02 
6.20c+Ol 
2.61c+02 
l.l5c+03 

D-3 

w::3-Ll 

381 
383 

1.:.i23 
8340 
"00 
1160 

<0.44 
<3.0 
<0.19 

1.7 
0.4: 
0.07 
3.0 
::?.7 

<::.3 
<0.94 

1.8 
10 
18 

0.70 
78000 

3.4 
r.ooo 

<1 
o.~ 

15.8 
17 

0.10 
<0.053 

3.23 
<0.053 

0.081 

12.8 

0.15 
0.70 

8.:?0e+Ol 
4.62c+05 
6.35e+Ol 

<1.611+03 
6.21e+02 
,.63e+03 
<4.36c+05 

<Z.le+02 
<l.6e+02 
<8.5e+02 

l.19e+02 
<1.0c+02 

3.78c+03 
,.12e+02 

,,.a.~a. 

<4.00c+OO 
6.00c+OO 
6.00c+OO 
3.90e+Ol 
,.00c+oo 

W:4-U 

377 
383 

1.23-48 
1910 
2400 
"89 

<0.69 
<3.7 

0.:9 
0.22 
3.1 
0.046 

<0.38 
6.7 

<4.7 
<1.4 

46 
0.95 
7.:: 

<0.57 
<::.6 

11000 
<1.3 

100000 
:.is 
<0.74 
c::.2 

9.4 

0.073 
<0.026 

U9 
<0.053 
<0.052 

13.1 

0.:9 
0.15 

<0.01 

S.OOc+OO 
l.30e+OS 
7.87e+02 

<7.4e+02 
3.29e+02 
l.34e+03 
Ule+OS 

<3.2c+02 
<6.0c+Ol 
<4.0c+02 

3.08c+o2 
<1.Sc+02 
<1.le+03 

9.13c+02 
,l.UC~U. 

W"..S-U 

348 
334 

1.:018 
15.8 

478 
462 

<0.69 
<3.7 

3.2 
<0.12 

1.9 
0.054 
0.45 

<::.l 
<4.7 
<l.4 

<4.:: 
0.60 

280 
<0.57 
<2.6 

17000 
<1.3 

78000 
<1 
Z3 
<..,, --<0.10 

0.071 
<0.026 

4.19 
<0.053 
<0.052 

12.5 

0.06 
<0.01 
<0.01 

2.00c+OO 
3.92e+OS 
3.:9e+02 

<l..3e+03 
1.38c+03 
3.77e+03 
3.1:1e+0S 

<l.6c+02 
<l.2e+02 
<6.9e+02 

3.-45C>t-0: 
<6..3e+Ol 
<1.9e+03 

1.95e+04 
c.;l .~•Ul 
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Table 0-1. Oak Ridge National Laboratory Active Tanks 
Chemical and Radiological Sample Results ;::{b (Tanks W-21, -23, -24, -25, -26, -27, -28, and -31). ·1 ·~:·-..-!.:·:, 

(sheet 2 of 2) 

Chandcristic W26-U W27-U W28-U W31•U 

PbYsx2J IAOOdld and misa:ll;aDCDa cbta 
ms (mc,ml.) 369 358 485 351 
TS (miimL) 366 355 478 3,49 

Density (J/IIIL) 1.:111 1.2118 1.28j2 1.2015 
JC (ms/L) 2580 4.7 7.0 18.9 
TC (ms/L) 3860 364 581 ~ 

TOC (ms/L) 1280 359 574 445 
RCRAmews 
A& (ms/L) 1.2 <0.69 <0.69 <0.69 
AJ (mc,1..) <3.7 <3.7 <3.7 <3.7 
Ba (ms/L) 0.20 4.1 S.B 3.S 
Cd (ms/L) ,.s 0.1: 0.Sl <0.12 
Cr (ms/L) l.B 2.8 0.38 6.0 
He (ms/L) <0.08 <0.048 0.14 0.15 
Ni (ms/L) a.: <0.38 1.4 <0.38 
Pb (ms/L) 3.2 <2.1 <:.1 <:.l 
Se (ms/L) <4.7 <4.7 <4.7 <4.7 
n (mlfl..) <1.4 <1.4 <l.4 <1.4 
l"nx:css mc:tals 
Al (mlfl..) 4.8 <4.: S.l 4_: 

B (ms/L) 3.9 0.67 0.35 0.:0 
Ca (mlfl..) 20 2600 7800 79 
Co (ms/L) <0.51 <0.S1 <0.57 <0.S1 
Fe (mlfl..) <:.6 <2.6 <:.6 <:.6 
K (ms/L) SlOOO &SOO 26000 9500 
Mc (ms/L) 3.S <1.3 1600 <l.3 
Na (ms/L) 68000 90000 96000 94000 ~1 ?~ .-,,:,,,. 

Si (mi'!..) 11.9 <1.0 <1.0 8.57 \ti¥ 
Sr (mlfl.) <0.74 18 6S 1:: 
Th (mlfl.) 10 <!.: <:..: <'' 
u (me,,L) 1130 <0.1 <0.1 o.:s 
Anioas 
Chkmclc (hi) 0.099 0.071 0.14 0.073 
Fluoride ~ <0.()26 <0.026 <0.026 <0.026 
Ni1ra1e ~ 3.29 4.S2 5.91 4.52 
Phos!)bale (hi) <0.0S3 <0.0S3 <0.053 <0.053 
Sul!ale ~ <0.0S2 <0.052 <0.0S2 <0.052 

~ 
pH 11.2 11.B 9.1 11.7 
OH" (1:!) <0.01 0.01 <0.01 0.01 

co/ ~ 0.::0 <0.01 <0.01 <0.01 
HCOj ~ 0.02 <0.01 <0.01 <0.01 
Reu/nmma cminc:n 
Grou alpha (Bq1mL) 1.03c+03 <l.Oe+OO 4.40c+Ol <l.Oe•OO 
Groabeia (BqnnL) :.:0e+06 3.30e+OS 9.BOe+OS 3.S8c•05 
"c (Bq/mL) 1.:3e+02 l.Ble+O:Z 1.67e+02 u2c+o:: ,.,Ce (Bq/mL) <2.3e+03 <7.SC+O:Z <1.Be..-03 <7.Sc,;,OZ 
"°Co (Bq/mL) 1.:::2.e+04 3.09e+02 8.72e+03 3.23e+02 
.IJ4es (Bq/mL) 1.31e+04 1.61e..-03 1.06e+04 S.Ole+03 
IJ7es (Bq/mL) :Z.07e+06 :Z.16c+OS 5.66c+OS 2.29c+05 
lllEu (Bq/mL) <:.le+O:Z <1.lc+02 1.67e+03 <9.3e•Ol 
I.UEu (Bq/mL) <2.4e+02 <6.6c+Ol 7.37e+..02 <6.7e+Ol 
WEu (Bq,mL) <l.lc+03 <4.0e+O:Z <9.3e+02 <4.lc+OZ 
'H (Bq/mL) 6.18e+02 :Z.09e+02 1.19e+02 l.S6c+02 
"Nb (Bq/mL) <l.4e+02 <3.0e+Ol <1.lc+02 <3.3e+Ol 
'"Ru (Bq/mL) <2.8c+03 <1.le+03 3.0"'..e+03 <1.le+03 
-Sr (Bq/mL) 4.90e+02 S.S7e+04 1.7Se+OS 7.38c+~ 
"zr (Bq/1111.) <2.7c+02 <S.lc+Ol <2.2«+02 <S.7c+Ol 
All!!!! emincn 
mu (Bq/mL) 3.60c+Ol 
mu (Bq/mL) 9.20e+02 
.l.llu (Bq/mL) l.OOe+Ol 

11~ l.!Ppuf"'°Pu (Bq/mL) 1.00e+Ol 
.l.llput41Am (Bq/mL) <1.Sc+Ol 

0-4 
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Table D-2. Oak Ridge National laboratory Active Tanks 
Chemical and Radiological liquid Sample Results 

(Tanks W-29 and -30). 

Characteristic: W"..9-LI w.:9-t.:: w:9-U W30-Ll WJO.U W'.30-U 

l'?M;aJ oroocnies and misce!laacDm data 
ms (111C,lml.) 37S 376 37.S 371 377 370 
TS (mc/lDL) '3i7 379 382 396 391 374 
Oensiry (~mL) 1..:51 1.:277 1..:54 1 ...... .s 1.2218 1.2211 
IC (m&ll-) 4i'8 477 4$6 602 596 600 
TC (m111.) 985 1040 833 805 695 799 
TOC (~&11-) 501 563 377 203 99 199 
RCRA metals 

Ac (m&ll-) <0.69 <0.69 <0.69 <0.69 <0.69 <0.69 
As (m&ll-) <3.7 <3.7 <3.7 <3.7 <3.7 <3.7 
& (m&ll-) 1.0 1.1 1.0 o.so 0.84 0.79 
Cd (m¢.) <0.12 <0.12 <0.12 <0.12 <0.12 <0.12 
Cr- (m¢.) 2.4 2.4 ::.3 3.0 2.9 2.9 
Hs (m&ll-) 0.09 0.08 0.09 0.10 0.10 0.10 
Ni (m11L) <0..38 <0..38 <0..38 <0..38 <0..38 <0..38 
Pb (m¢.) c::.1 <2.1 :u 3.0 2.9 2..3 
Se (111¢.) <4.7 <4.7 <4.7 <4.7 <4.7 <4.7 
n (m11L) <1.4 <1.4 <1.4 <1.4 <1.4 <1.4 
Process meuls 
Al (m¢.) 18 18 17 3" 33 34 
B (111111.) o.so 0.47 0..36 0.49 0.42 0.42 
C. (111&!1-) 4.1 5.S 3.o 10 9.4 ll 
Fe (m¢.) <Z.6 <::.6 <2.6 <2.6 <Z.6 <2.6 
K (m&ll-) 10000 10000 10000 9200 9300 9400 
Ms (m111.) <1.3 <1.3 <1.3 <1.3 <1.3 <l.3 
Na (m&ll-) 110000 110000 110000 100000 100000 110000 
Si (m¢.) <l.0 <1.0 <l.0 <l.0 <1.0 <l.O 
Sr (m&ll-) 1.9 2.1 u 1.7 1.8 1.9 
Th (m¢.) <l.0 <1.0 <l.0 <1.0 <l.O , <l.O 
u (m11L) 4.S 4.3 4.3 5.S 5.a 5.9 
Anions 
~e ® 0.082 O.o78 0.082 0.078 0.082 0.078 
Fluoride ® <0.026 <0.0'2.6 <0.0"'..6 <0.026 <0.02.6 <0.026 
Ni1:-a1e ili) 4.52 4.52 4.52 4.35 4.35 4.3.S 
Phospbace C:!) <0.053 <0.053 <0.053 <0.053 <0.0.53 <0.053 
Sulfate ~ <0.052 <0.052 <0.052 <0.052 <0.0.52 <0.0.52 
Nblilli!Y 
pH 13.0 13.0 13.0 13.2 13.3 13.3 
OH" a:1) 0.064 0.069 0.074 0.13 0.13 0.13 

co/ ® 0.043 0.040 0.054 0.054 0.052 0.052 
Hee; ® <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
~emillen 
Grou ~pha (Bq/mL) <l.Oe+Ol <1.0e+ol <l.Oe+Ol <l.Oe+Ol <1.0e+Ol <l.Oe+Ol 
Grou beca (Bq/mL) 2.lle+os l.98e+05 2.09e+OS 1.97e+O.S l.93e+05 1.92e+OS 
1'C (Bq/mL) l.43e+02 7.3e+Ol .S.6e+Ol 6.8e+Ol 8.6e+Ol l.10e+02 
144Ce (Bq/mL) <l."'-+03 <l.3e+03 <l.3c+03 <l.::C+03 <l.2e+03 < l.3c+03 
dlCo (Bq/mL) 6.4'1e+02 .S.99e+02 ~•02 ,_93e..,oz 4.83e+02 4.91e-,.02 
U4u (BqtmL) 2.5le+03 2..57e+03 2.53e+03 2.0Se+03 2.03e+03 l.96e+03 
IJ7u (Bq/mL) Ule+OS ::.:2e+OS 2.16e+OS l..86e+O.S U7e+.0!5 l.90e+OS 
mEu (Bq/mL) <l.6e+02 <2..0e+02 <2.7e+02 <l.7e+02 <2.2e+Q2 <2.le+02 
IJ4Eu (Bq/mL) <1.Se+02 <l.6e+02 <l.2e+02 <l.5e+02 <1.le+Ol <l.Oe+02 
IJJEu (Bq/mL) <7.2e+02 <7.le+Ol <7.2e+02 <6.7e+02 <6.6e+02 <6.6e+02 
'H (Bq/mL) 2.0le+Ol 2..0le+Ol 2.0le+Ol 2..04c+02 2.0le+02 2.0le+02 
°'Nb (Bq/mL) <6.ole+Ol <6.2.e+ol <6.3c+02 <!5.le+Ol <!5.Se+Ol <.S.8e+OI 
1Atau (Bq/mL) <2..le+03 <2.0e+03 <2.0e+03 <1.9e+03 <l.9e+03 <1.9e+03 
llllsr (Bq/mL) 7.13e+03 7.00e+03 7.lle+-03 6.7.Se•03 6.70e+03 6.70e+03 

"Zr- (Bq/mL) <9.Je+ol <l .le+02 <1.0e+Ol <9.Se+Ol <l.le+Ol <9.3c+OI 

D-5 
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Table 0-3. Oak Ridge National Laboratory Active Tanks 
Chemical and Radiological Sludge Sample Results 
(Tanks W-21, -23, -25, -26, -27, -28, and -31). 

(sheet 1 of 2) 

Characteristic WZl-S w:3-S wu-s WZS-S W"..6-S 

P!Mical oroocnics and miscel1aDeoal data 
TS (m111) SU 54,4 487 531 449 
Ocnsicy (lfmL) 1.40 1.34 1.26 1.32 1.54 
IC (mlfkl) 12000 18100 6630 3920 12000 
TC (mlfltc) 18500 22:00 9'70 6250 18"'..00 
TOC (mlfltc) 6'80 41:0 2940 2330 62:o 

RCRA meU11 

"' (ml/kl) (SO) c:s) (<7.7) (<7.6) (30) 
As (ml/kl) (42) (<SO) <42 <41 65 
Ba (mlfltc) 78 63 44 59 87 
Cd (m11q) 7:1 3: 6.1 11 42 
Cr (m11q) 160 190 36 -'9 liO 

He (m11q) 56 19 26 37 6ol 
Ni (m1,'k&) 75 110 22 34 92 
Pb (ml/k1) 290 (450) 150 220 470 
Sc (mg/k&) <:S <39 <52 <51 <55 
n (m11kc) <10 <16 <16 <16 <17 

l"roa:ss metals 
.'"J (m11kc) 1000 ::BOO 1600 2800 1500 
B (m!fk&) <6.6 <10 3.1 <1.S <7.3 
Cl (m1,l)(c) 45000 55000 29000 38000 36000 
Cl (mC/kl) <1.3 <1.3 
Fe (m11q) :300 1900 600 940 2300 
K (m11q) 8500 18000 7600 9'200 15000 
Mg (m!flc1) 9600 16000 5600 5900 11000 
Na (mg.,q) "8000 8"'..000 69000 66000 51000 
Sr (m11kg) ::00 290 110 150 1:0 
Th (m11'k1) 13700 12000 1"80 3860 9360 
u (m11kc) 31000 17000 3700 4800 ~100 

Bela/I!-• eminc:n 
Grosa alplla (B'1/1) 1.29e+OS U:le+OS 2.34e+04 4.65e+04 9.13e+04 
Grcu bCla (Bq/g) 3.36e+06 6.67e+06 2.62c+06 4.00e+06 5.iOe-,.06 

"c (Bq/1) 1.80e+02 3.65e+02 8.43e+02 1.71e+02 2.lJe-,.02 
, .. Ce (Bq,'1> <:.8e+04 <2.7e+04 <3.9e+03 <4.2c+03 <l.:?e+04 
60Co (Bq/1) 8.07e+04 2..52c+OS 3.39e+04 4.03e+04 1.0Je-05 

"'CJ (Bq/1) 6.99e+03 <6.Se+03 <6.:?e+02 7.07e+02 2.97e+03 
IJTCl (Sq/&) 2.49e+OS 4.9Se+OS 1.96e+OS 2.Zle+OS 6.84e-,.QS 
wEu (Bq/1) 1.30e+06 1.:C+0S 6.:De+04 8.14e+04 4.92e+05 
IJ4Eu (Bq/1) 4.77e+OS 5.14e+OS 3.60e+04 S.06e+04 3.19e+ OS 
wEu (Bq/1) 1.33e+OS l.21e+OS l.03e+04 1.63e+04 7.Sle-,.04 
91Nb (Bq/1) <4.7e+03 <7.0e+03 <-'.6e+02 <S.9e+02 <2.6e+03 
'~u (Bqic) <4.4e+04 <6.Ze+04 <5.7e+03 <-'.9e+03 <:.Se-,.04 

-Sr (Bq/1) 7.SZ-05 U8e+06 !.05e+06 l .65e+06 2.0Je-,.06-

"Zr (Bqis) <3.9e+04 <4.5e+04 <2.8e+03 <4.6c+03 < l .3e+OS 

Alpha emittm 
mu (Bq/1) mu (Bq/1) L13e+03 l.18e+04 S.l5e+02 8.37e.;.02 6.66e+ 03 
Wu (Bq/1) <l.8e+04 <2.Se+04 <3.7e+03 <4.2c+03 <l.2e+04 
J.lllputZ"'!>u (Bq/1) 2.49e+04 l.18e+04 1.S4e+03 233e+-03 5.lle+03 
:Jlputl" Am (Bq/1) S.13e+04 l2le+04 3.74e+03 7.3Se+03 1.-18e•04 
141cm (Bq/1) <:.Se+04 <2.6e+04 <3.6e+03 <3.9e+03 <1.Je-,.04 
1"cm (Bqis) 4."6e+04 l.67e+OS l.63e+04 3.32c+04 6.14e.,.Q4 
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Table 0-3. Oak Ridge National Laboratory Active Tanks 
Chemical and Radiological Sludge Sample Results 
{Tanks W-21, -23, -25, -26, -27, -28, and -31) . 

{sheet 2 of 2) 

Owaaeristic: 

PIMic:al prppcnie ud mitc:dJa- data 
TS (ml/c) 
Oemity (Jlml.) 
IC (mlfkc) . 
TC (mlfkc) 
TOC {mlfkc) 

R~llldall 
A& (mlfkc) 
As (ml/q) 
Ba (mlfkc) 
Cd (mlfkc) 
Cr (m&(q) 
He (m&rq) 
Ni (mclk&) 
Pb (mlfkc) 
Sc (m&(q) 
n (mvq) 

Prna::ssmeta!s 
Al (m;ikc) 
B (mlfkc) 
Ca (mlfkc) 
Cs (mlfkc) 
Fe (mlfkc) 
K (mc,1c&) 
Mc (mlfkc) 
Na • (mlfkc) 
Sr (mc,iq) 
Th (mvq) 
U (ml/q) 

Beu/pmma eminc:n 
Gross alpha {Bqtc) 
Gross beta (Bqlc) 
"c (Bqtc) 
141Cc (Bqlc) 
eoeo (Bqlc) 
"'es (Bqlc) 
wes _(Bqlc) 
w£u (Bq11) 
"'Eu (Bqlc) 
l»£u (Bqlc) 
"Nb (Bq/1) 
'°'Ru {Bqlc) 
l!Osr (Bqlc) 
"z.c (Bqlc) 

Aloha eminc:n 
"""U (Bqlc) 
mu (Bq/1) 
mu (Bqlc) 
.tJPt,uj#pu · {Bqlc) 
lllpuj'l Am (Bq/1) 
ldCm (Bq/1) 
J4'em (Bqlc) 

W%7-Hl-S 

386 
1.26 

ruo 
7690 
24,40 

(<7.2) 
<39 

49 
13 
65 
11 
27 

120 
<49 

20 

4300 
<6.4 

38000 

1400 
6100 
4800 

71000 
120 

1890 
2710 

Wc+04 
l .4"+06 
U9e+02 

<5.6e+03 
l.6lc+04 

< 1.2e+03 
3.75c+05 
l.99e+04 
l.26c+04 

<3.4e+03 
<7.3e+02 
<l.le+04 

4.55c+05 
<1.7e+o3 

5.18c+02 
<5.8e+03 

l.G4e+03 
4.4lc+03 

<6.Se+03 
l .60e+04 

W?7-Hl •H 

471 
1.33 

12700 
16500 
3830 

(<13.) 
<69 

72 
17 
90 
18 
40 

200 
<86 
<:7 

6800 
<11 

54000 

2500 
6700 
5900 

66()00 

150 
3040 
1960 

3.10e+04 
2.02e+06 
4.86e+02 

<7.7e+03 
2.50e+04 

<1.8e+03 
5.7le+05 
2.42e+04 
l.5le+04 
3.26e+03 

<l.4e+03 
<1.6e+04 

5.5le+05 
<2.6e+03 

6.20e+02 
<8.3e+03 

l.86e+03 
6.73,e+ Ol 

<l.Oe+04 
2.15c+04 

0-7 

W28-S 

533 
U9 

3620 
6120 
:soo 

(17.) 
27 
39 
26 
55 
12 
62 

190 
<::9 
<9 

8JC 
4.9 

57000 
<0.B 

630 
11 000 
15000 
66000 

130 
1370 

17000 

5.39e+04 
2.40c+06 
7.60c+Ol 

< l.7c+04 
7.91e+04 

<4.6c+03 
l .9'4:+05 
7.18c+05 
3.20e+05 
9.70e+04 

<2.9e+03 
<2.8c+04 

5.51c+05 
<:.4e+04 

1.46e+03 
3.56c+ 03 

<l.7c+04 
l.5lc+ 03 
5.28c+ 03 

<l.4e+04 
3.83c+ 04 

W31-S 

369 
1.26 

1410 
1820 
410 

{<6.1) 
<33 

17 
1.7 

27 
14 
17 

170 
< 41 
< 13 

1400 
< 10: 

5600 
<1.1 

420 
7900 
870 

69000 
30 

Z790 
3000 

::.3lc+04 
3.18c+06 
3.14e+02 

<9.4e+03 
8.10e+ 03 
3.64c+03 
2.35c+05 

<l.7e+04 
5.86c+03 

<5.9e+03 
<9.2e+ 02 
< l .4e+04 

1.4:C+06 
<4.7c+03 

5.08e+<n 
<9.7e+03 

8.78c+02 
2.43e+03 

<8.4e+03 
l .7le+ 04 

W31-H 

964 

21900 
30400 
8530 

(<5.4) 
<:?9 
180 

1.5 
75 
39 
52 

360 
<37 
< 11 

16000 
2: 

62000 
2.4 

7700 
6700 
3100 

48000 
170 

11800 
9"'.00 

8.9Se+04 
1.10e+07 
l .0Sc+ 03 

<l.4e+04 
3.0l e+ 04 
2.07e+03 
S.!2e+0S 
2.72e+04 
2.07e+04 

<8.7e+03 
<l.2c+03 
< 1.7e+04 

5.lie+06 
<6.6c+03 

::.osc+03 
<l.4e+ 04 

l.22c+ 03 
l .12e+ 04 

<1.3e+ 04 
6.89c+ 04 
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Table 0-4. Oak Ridge National Laboratory Inactive Tank TH-2 
Chemical and Radiological Sample Results. 

Sample' 

TDS. mg/111.L 
TS. m11mL 
Dcm,cy, VUIL 
IC. m11l. 
TC. mc/L 
TOC.mc/L 

A& 
Al 
Ba 
Cd 
Cr 
He 
Ni 
Pb 
Sc 
n 

B 
Si 
Th 
u 

Bromide 
Chlonde 
Cyanide 
Auoride 
Nitnle 
Ph01plla1e 
SulCa1e 
Sulfide 

pH 
H•.Jf 
OH',M 
co,:-.. " 
Hco,· .. " 

Cirou alpha 
Cirou bet.a 
i•c 
Meo 
117u 
3H 
'°'Sr 

Tii2-Ll31 TI-12-Ll:32 

Pbysical propcrua md milcrtta- da&a 
4.9 5.0 
5.1 
0.9989 

<0.1 
13.6 
13.6 

RCRA IDlilall (mr,1.) 
<0.2 
<Z 
<0.1 

0.083 
0.80 
2.B 
0.58 
1.9 

<1 
<0.5 

Procaa maaa (mr,1.) 
<0.7 
<1 

1.68 
<8 

Allioa(mc,L) 
1510 

18 
o.:s 

17 
<10 
<10 

::6 
<0.1 

Albliaily 
2.44 (212)" 
0.056 

NA' 
NA 
NA 

8c&alpmma aaiaa'I (Bqlml.) 
87.6(58) 

9'280 (8690) 
:350 
4 (16) 

2710 (ZT30) 
2.34 

::820 (2780) 

Alplla --- {111¥ml.) ND" 
15 

ND 
ND 
ND 
ND 

5.J 
1.0002 
0.: 
8.0 
7.8 

<0.2 
<2 
<0.1 
<0.08 

0.68 
2.7 
0.43 
2.1 

<1 
<0.5 

<0.7 
<1 

1.71 
<8 

1510 
18 
o.::: 

17 
<10 
<10 

::6 
<0.1 

:..ao r-1,) 
0.056 

NA 
NA 
NA 

84..S (5%) 
9450 (8730) 

<1 
<3(2::) 

2740(2640) 
:.39 

2920 (?7"'.0) 

5 
17 

ND 
ND 
ND 
ND 

•ACD sample miues1 aumben IPA6285, TRtJ9069. CPA10586. 
~ala endOICd ia parealllcscs were duplicate measurcmenis by TAL croup. 
'NA • aaalysil IIOl applicable for sample. 
'ND • aaalyle not deteaal Cor sample. 

0-8 
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Table D-5. Oak Ridge National Laboratory Inactive Tank WC-1 
Chemical and Radiological Sample Results. 

Sample:" WCl-Ll::4 (liquid) WC1 -L134• (liqwd) WC1-Ll34S (1lud~J 

Pbysical prop:rtics and miecdlaoeoa da&a 
TDS. mg/lllL or mJ,/( <l <1' NA' 
TS, m~ or mete <I <l NA 
Oensicy, i,mL or ct& 0.91SO 0.9160 NA 
IC. m"1, or mlflcl 32 :?3 S60 
TC. m"1, or mlflcc 67 61 9930 
TOC. m"1, or mlflcl 35 38 9370 

ROA IIICDil (mc,L or mc,tc) 
Al <0.04 0.J3 <.a 
As 1.3 2.0 <300 
Ba <0.02 93 '1Z7 
C.d <0.02 0.10 , .o 
Cc <0.02 ::,9 112 
He <2 <:: 193 
Ni <0.1 <0.1 10 
Pb <0.Z 61 771 
Se i.4 <0.02 <20 
n <0.1 <0.1 <90 

l'rocal IIIClail (mc,t.. or mc,tc) 
B <0.04 <0.04 c.a 
Si 10 90 NA 
Th <0.3 <0..3 <::00 
u <:: <2 <100 

~ (111111- or mr,t) 
Bromide <10 <10 <,tSI 
Chloride 113 11, :z:o 
Cyanide <0.0S <0.0S 0.33 
Fluoride 0.60 0.70 75 
Nitnie <10 <10 3680 
Phaspllale <10 <10 <99 
Sulf.ate 196 ZOo4 "9 
Sul(ldc <0.1 u 0.99 

Albliaily 
pH 8.:5 (6JO)' 7.46 (6.39) NA 

~alliaaa(Bq,'ml.orBqls) 
Qroualplla S (<SO) 286 (1560) 8.07e+04 (8.62e+04) 
Qrou beia 6'.200 ( 68.600) 73.000 (110.000) l.09e+06 (1.36e+05) 
:4lA.m <300 131 (<300) 1.S7e+04 (1.73e+04) 
i•c 276 37S 1.88c+04 
'°Co 767 (852) ,32 (S9'} l.JOe-+05 0.29e+OS} 
U7c:i '9,200 (SS.000) 61,700 (S6.500) 2.69e+05 (2.73e+OS) 
~u <30 <30 <::.68e+02 (<l.86e+03) 
~u <30 <30 ,.~03 ('.66e+03) 
u,Eu <150 <150 3.16e+03 ('-12e+03) 
'H 1,600 1J90 ,.JOe-+02 
'°Sr 1.290 (1.270) 1,420 (3,310) 3.00-0, ( ,.03e+OS} 

Alpllacaiaas(Bq,'al.ar&qls) 
Mu Nd' ND ND 
mu ND ND ND 
%>'!-ur4'Pu ND ND ND 
mp,, ND UlO ,.06e+04 
lAlA.m ND 200 3.'8e+04 
~Cm ND 251 l .08e+04 

•ACD ample req11e11 numbers 1PA6324, !RU9Zl9. 
~ amawu ol s111peadrd panides pracm: difllcwl 10 obCaill rqrcxntative sample. For 1be pllysic:al and 

iDocpDic: da&a. lbe panidulalCS were allowed IO seuJc prior to samplil11 Coe IAllysil; !lie duplic:aie radiocllemical ~ta 
and Ille alplla emiuer da&a were obcaiDed Crom a weil·mimd sample. 

"Ibe sludp ample da&a aR rq,onecl oa a weipl buia. 
-nnt>S da&a OOWIICd after suspended solid& bad settled OUL 

"NA - aulylia DOl applicable !or ample. 
ts1uc1~ allioal ot,cained Crom ~-heated wuer-leacll oC sample. 
'Data CDCloMd ia pare!Ullesa were duplicate malUfflllCIIII II)' TAl. croup. 
~ • ~ DOl daecrd Coe sample. 

D-9 
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Table D-6. Oak Ridge National Laboratory Inactive Tank WC-15 
Chemical and Radiological Sample Results. 

~pl~ WCl.S-l.126 WC15•l.lZ7 WC15-U28 

Pllysical pn,pc:nic and mixrllanmcw daUI 

TDS, mctml. <1 <1 
TS. m11ml. <1 <l 
Dermiy. stml. 0.9560 0.9610 
IC. mgll. 98 99 
TC. mJIL 119 118 
TOC. mgll. 21 19 

RCRA mcull (mg.,L} 
Ag <1 o.:: 
"' <8 <8 
Ba 0.10 0.03 
C,;j <0..5 <OJ 
Cr <0..5 <OJ 
He <2 <Z 
Ni 0.11 <2 
Pb <5 <5 
Sc 0.58 0.05 
n <2 <2 

~ IIIClala (mg.IL} 
B <1 <l 
Si 5.2 <2 
Th <7 . <7 
u 1.4 3.7 

Allica(mg.,L} 
Brcmidc <10 <10 
Chlonde 89 87 
Cvanade <0.05 <0.05 
Fiuoride 1.2 1.2 
'Ni1r-a1e <10 <10 
Phosphate <10 <10 
Sulfate 50 50 
Sulfide <0.01 <0.01 

Albiiaicy 

pH 8..8 (8JZt 8.7 (8.50) 
H•. t,t NA' NA 
OH" . .',f NA NA 
co,=· . .,., NA NA 

HCo,·,M NA NA 

Belalp.- cmiua. (Bq/lllL} 
Qrou alpha 0.89 (<l) 0.13 ( <1) 

Qrcu bcU 11.7 (<10} 10.3 (< 10) 
i•c <1 <l 
'°Co <0.2 <0.2 
mea 3.0 (<5) 3.1 ( <5) 
>H 1&.4 18.6 

'°Sr 1.40 (<10) 1.71 ( < 10) 

Alptamia.cn(SqlmL) 
mu " mu 
z,tpur'°Pu 
miou 
lA1Am 

ZMcm 
"ACD sample request numbers IPA6332. TRU9238. 
~aia endoled ill patatllescs were duplicate meaaurcmaus by TAL. p-oup. 
'NA • aaalysis DOC applicaole COt' -pie. 
4<:ircu alpba to0 1ow r« a1p11a 1pectr01CDpy me:asurcmea1S. 

D-10 

<1 
<1 

0.96:?0 
102 
126 
24 

0.16 
<8 

0.08 
<0..5 

0.3 
<2 

0.11 
<5 

0.3 
<2 

<l 
<Z 
<7 

<50 

<10 
89 
<0.05 

1.2 
<10 
<10 

38 
0.2 

7.7 (8.53) 
NA 
NA 
NA 
NA 

0.43 (<1) 
14.6 (<10) 
33 
<0.2 

4.0 (<5) 
18.9 
1.93 (<10) 

WC15-0!30 

<l 
<l 

0.9570 
100 
435 
335 

<1.0 
<8 

0.05 
<0.S 
<OJ 
<Z 

0.16 
<5 
<OJ 
<Z 

<l 
<:: 
<7 

:_.; 

<10 
85 
<0.05 

1.: 
<10 
<10 

41 
l.J 

6.5 (8.39) 
NA 
NA 
NA 
NA 

0.56(<1) 
15.4 (<10) 
95 
<0.3 

3.5 (<5) 
18.5 
3.36 (<10) 
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Table 0-7 . Oak Ridge National Laboratory Inactive Tanks 
Chemical ·(Physical and Metals) Liquid and Sludge Sample Results 

(Tanks 7562 and 7860-A; T-1, -2, -3, -4, -9, -30; 
TH-1, -3, -4; W-1 through W-11 and W-13 through W-15; 

WC-17; and W-1-A). 
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Table D-7. Oak Ridge National Laboratory Inactive Tanks 
Chemical (Physical and Metals) Liquid and Sludge Sample Results 

(Tanks 7562 and 7860-A; T-1, -2, -3, -4, -9, -30; 
TH-1, -3, -4; W-1 through W-11 and W-13 through W-15; 

WC-17; and W-1-A). 

i ;~ :: ;; 
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Sample 
ID 

.1,t.111 
T.1/L.~ 
T.1/L..IS 
T.I~ 

1'3/L..12 
T.3,'S.13 

1'9/L..17 
T9/S48 

T:.'1..38 
T:.1.11:: 
T:.'1..39 
T:.'S.10 

Tl/Ll5 
71,1...36 
Tl/S37 

Tii l ,t..19 
Tii l,1.50 

T"r!J/l.5:: 
n-w/1..D 
:.-!3/L.113 

Wll/L.3 
Wll/L.115 
Wll/L.114 
Wtl/H5 

Tii4/L.ll6 
Tii4/L5S 
Tii41!.l17 
Tii4/L56 
Tii4/L57 
Tii4/S58 
Tii4/S59 

W5/l.73 
W5/S75 

W6/Ln 
W6/L78 
W6/l.79 
W6tS80 

W7/l.ZZ 
W7/S84 
W7/H85 

W8IL86 
W8/L87 
W8IS88 

0~ 

--
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Table 0-8. Oak Ridge National laboratory Inactive Tanks 
Chemical (Anion) liquid and Sludge Sample Results 
(Tanks 7562 and 7860-A; T-1, -2, -3, -4, -9 , -30; 

TH-1, -3, -4; W-1 through W-11 and W-13 through W-15 ; 
WC- 17; and W-1-A). 

(sheet 1 of 2) 

Depth pH Cl" F"' No, · Po,•z so,·1 CN" OH" H• co, •z Hco, · 
(ill.} (U., (U) (U} (U) (U} (U) (N) (N) (M) (M} 

0 11.7 3.4 1.1 26 so 6.J . 0.01 . o.os 
4 11.7 3.1 1.1 26 51 6.J 0.54 0.01 . 0.05 
~ 11.7 3.4 l.J 25 so S.9 0.59 0.01 . o.os 
NA NA <0.83~ <0.83,1, . <42~ <42" . • 

s 12.7 7.0 1.8 53 160 lS 1.10 0.03 . 0.08 . 
NA NA 29"-' <1::.1,1, . <62.S'lf, <62.S'lf, o.zo . . . . 
6.5 8.8 290 1.0 110 <S 37 . . . <0.01 0.03 
NA NA J'lf, <0.7,I, . . 6.8'lf, 

4 9.4 12 1.0 8.4 <S 22 0.14 . • 0.04 0.08 
4 9.4 12 1.0 8.0 <S ::1 0.12 . . 0.04 0.09 
48 9.4 12 1.0 8.~ <S ::::: 0.10 . . 0.04 0.09 
NA NA 4.m <0.8% . . 14'lf, 

4 9.J 7.8 1.0 16 <S 7.S . . . 0.01 0.04 
48 9.3 8.Q. 1.0 17 <S 8.1 o.:z: .. . 0.01 0.04 
NA NA 

4 1.8 <1 <l 1400 <::SO <::SO <0.04 . 0.41 . 
10 1.8 <l < l 1300 <::SO <::SO <0.10 . Q.,11) 

2.5 1.8 <l <l 510 <50 <50 <0.04 . 0.17 
s 1.8 <l <l 500 <50 <SO <0.04 . 0.18 
NA 6.6 <1 <l <5 <5 <5 <0.0S 

4 8.0 <l <1 <5 <S <S <0.04 
4 7.8 <l <l <5 <5 <5 <0.04 
24 7.7 < 1 <l <S <5 <5 <0.04 . 
NA NA . . . . . . • 

0 7.1 1.7 l .J 49 6.6 17 <0.05 <0.02 . <0.01 
4 u s.:: ::.o 1,300 <SO 140 <0.07 <0.01 . <0.01 

6 6.9 5.7 1.0 550 <SO 91 . <0.02 . <0.01 
39 7.1 140 86 ZS,000 <::SOO 83,000 . <0.02 . <0.01 
72 7.6 160 80 31.000 <2500 14.000 . 0.02 . 0.02 
NA NA <0.4'lf, <0.4'lf, . . U'lf, 

NA NA 370 960 . . 0.47" 0.16 

4 10.1 8.6 56 21 . 420 26 0.24 . . 0.16 0.26 
NA NA <84 1,300 . <840 <840 . . 
4 8.7 l.J 5.1 73 <S 4.8 <0.07 • . <0.01 0.02 
30 10.4 4.S 27 zso 31 34 0.05 . . 0.02 0.11 
54 11.4 12.0 49 110 210 330 0.41 . . 0.18 0.10 
NA NA <800 4,000 . <::.SOO <::.SOO . 
3 10.J 29 11 4,4() 29 ss <0.06 • . 0.21 0.33 
NA NA <l~ 1,000 . . 6.7" 
NA NA • • • • • . . 
4 9.2 290 <SO 2.700 <Z.50 1,400 0.33 . • 0.01 0.04 
16 9.3 840 <125 7,300 <62S 4,900 0.58 . . 0.02 0.07 
NA NA . <100 <100 . <500 <SOO . • . 
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Table 0-8. Oak Ridge National Laboratory Inactive Tanks -~ Chemical (Anion) Liquid and Sludge Sample Results l--'; .. ,r~:.·,, 
~;~:?§:.-'> 

(Tanks 7562 and 7860-A; T-1, -2, -3, -4, -9, -30; 
TH-1, -3, -4; W-1 through W:-11 and W-13 through W-15; 

WC-17; and W-1-A). 
(sheet 2 of 2) 

Sample Depth pH o· r NOi P0/1 so,•z or OH" H• co,·z Hco,· · 
ID (in.) ~) (U) (U) (U) (U) (U) (N) (N) (M) (M) 

W9/l.90 5 9.8 340 <50 1,650 2.600 900 0.14 .. • 0.03 0.09 
W9~92 NA' NA <100 <100 . <500 <SOO . 
Wl/1.7 4 7.9 13 6.1 32 <5 47 <0.06 . • <0.01 <0.01 
Wl/1.8 9 8.0 13 6.l 32 <S 47 <0.05 • . <0.01 <0.01 

W2/Lll 4 8.5 7.2 9.2 <5 <S 15 <0.05 . . <0.01 <0.01 
W".JI.118 4 8.5 7.6 9.9 <5 <S 15 <0.05 . • <0.01 <0.01 

W4/U: 4 9.1 <20 -:20 1,700 <100 510 <0.04 • . <0.01 0.02 
W4/l.119 JO 10.0 <20 <::0 1.600 <100 930 <0.04 . • 0.01 0.04 
W4/l.:3 54 10.9 <::0 <::0 2,200 250 2600 <0.07 . . 0.08 0.19 
W4iS24 NA NA <10 <10 • <50 <SO . . . . . 
W4/H::?6 NA NA <10 <10 . <SO <SO 

Wl0/1.93 4 9.2 170 74 2.900 <200 280 <0.04 . . . 0.02 
WI0/1.94 28 10.S 410 190 4.400 <200 690 <0.04 . . 0.02 <0.01 
Wl0/1.95 49 10.9 990 430 8.500 <200 2.100 0.54 . . 0.09 0.02 
W10/H120 NA NA <60 <60 . <300 <300 
Wl0~96 NA NA <1::0 <120 . <600 <600 . . . 
7860A/l..63 8 • . . . • • . • . 
7860A/L64 16" . . . . • • . • . . . f!{:~-7860,Vl...65 24 . . . . . . . . . . . 
7860A/I..66 32 . . . . • • . . . • . 
7860All..67 40 4.0 280 <20 3.800 <100 <100 . . 0.03 
7860A/L68 48 3.8 270 <20 3,800 <100 <100 . . 0.03 
7860A/l..69 54 4.0 280 <:0 3.800 <100 <100 . . 0.03 . 
W3/Ll6 4 9.0 7.8 <10 <SO 490 280 0.08 . . <0.01 0.03 
W3/l.17 60 10.1 7.9 <10 <SO 600 430 <0.07 . • 0.02 
W3/l.18 106 11.1 10.0 <10 <SO 800 620 0.10 . . o.os 
W3~19 NA NA <100 <100 . <SOO <500 

WC17/0101 0 7.6 35 <1 8.2 <S 99 <0.06 . • . <0.01 
WC17/0102 l 7.6 32 <1 13 <S 98 0.06 . • . <0.01 
WC17/l.103 6 7.6 39 1.0 <5 <5 89 <0.06 • . • <0.01 
WC17/l.104 14 7.6 JO 1.0 15 <5 82 0.06 . • • <0.01 
WC17/l.10S :::6 7.9 31 < 1 16 <S 91 <0.06 . . . <0.01 
WC17~106 NA NA <SO <SO . <300 <300 • . • • . 
W13/L.27 4 3.0 <3 <3 43 <13 <13 <0.05 . 0.26 . 
Wl3/US 18 3.0 <3 <3 43 <13 <13 <0.0S • o:n • 

W14/L30 4 0.6 <3 <3 70 <13 <13 <0.05 . 0.19 
Wl4/l.31 14 o.s <3 <3 70 <13 <13 <0.05 . 0.21 

WlS/l.3Z 4 0.2 <4 <4 120 <20 <20 <0.06 . 0.70 • 
WlS/1.33 21 0.2 <4 <4 120 <20 <20 <0.07 . 0.73 

WlA/1.1 2 8.8 33 1.0 <5 <5 58.0 <0.06 . • . <0.01 

T.30/1.121 2 8.7 <l <1 <5 <5 <5 <0.06 . • • <0.01 

7562/l..97 4 7.4 13 <10 160 <50 120 <0.05 . • . <0.01 
756~98 NA NA <90 <90 . <450 <450 • . . . 

•For liquids U • ml,'L; for shxl&es U• me/kg. 

<i • Astcnslt indicates that data an: not available. 
<NA • not available. I 
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Tank 

II 
Tel.al Tet.al H20 

I 
pH 

10~nidl 
Ani•ns 

(Dry) C03 I a r I OH I 
T•tals ==> 

I 
&,268,.500 2,749,700 S,Sl.9,100 10,726 lS,0091 l.9,763 &,..U 3,261 

6&.i~ 0.l~ 0~ 0.2~. 0.1~ o.~ 

2026 • A 
3001 • B 
3001 • s 
3003 · • ,\ 

3004 . B 
3002 • ,\ 

30l3 
7503 • A 
1560 
7562 3.200 3.200 7.4 0 0 0 
7360 • A 23,100 100 23,(XX) 3.9 1 6 0 

B . 2 - T 
B . 3 • T 
C . l 81,400 81,400 
C . 2 530.400 530.400 
C . 6 -T 
F • 111 
F • lU 
F • 201 · 
F • 501 
H • 209 

·-:/ HFlR 
s • 223 

s • 324 

s • 424 

s • 523 
T . l 102.,000 9,300 92,800 9.7 VO 60 1 0 
T . l • A 
T . 2 - 113,300 5,700 107,600 9.9 S10 220 691 110 
T . 2 . ,\ 

T . J 50,400 14,600 35,600 12.7 520 60 9,450 4,140 
T . 4 92,900 13,800 79,100 11.7 100 230 110 110 13 
T . 9 16,700 2,400 14,400 9.1 so 10 173 40 

T . 13 
T . u 
T . 30 300 300 8.7 0 0 0 

TH . l 2,400 100 2,300 1.8 0 0 0 
TH . 2 ~ 600 600 2.S : 0 0 0 
TH . 3 uoo 1,200 3.4 ~ 0 0 
TH . 4 134,700 26,600 108,100 7.2 S30 40 31 73 17 

N03 NO2 PO4 I SO4 

I Al B.a I Ca Cr r. 

7-U,351 20,205 30,,97 3,960 ll3 ~~!6 -'66 1,~ 
9.0':". 0.2'!'. o.~ O.~ 0.0':'o 0.7~ 0.0':". 0.0,. 

1 0 0 0 0 
88 2 2 

2 0 1 1 1 

1 0 2,002 0 3 

1 3 0 2 2 
2 5,804 5,600 1 2 
1 0 380 1 0 

0 0 0 0 0 
3 1 1 0 0 
0 0 0 0 0 
0 0 0 0 0 

670 70 3,080 1 14 

Cations 

n I Mc I Ni K I Sc 

5381 ll,l33 ll3 59,750 ,2 
o.~ 0.1~ o.~ 0.7~ O.O'J. 

0 0 0 

0 

8 2 0 

5 1 0 

10 2 0 
7 2 0 
3 2 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

. s 1 .• 0 
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Table D-11. Oak Ridge National Laboratory 
Underground Storage Tank 

Chemical Characteristics (pounds). 
(sheet 1 of 2) 

Others 
Si Az I Na 

38 221 313,900 1,-1-15,791 

o.°" o.~ 3.9'. 17..S~ 

0 0 
0 0 

81,400 
530.400 

1 0 8,904 

1 0 2,166 

1 0 614 
0 0 1,619 
0 0 1.669 

0 0 
0 0 85 
0 0 3 
0 0 11 
0 0 Z!.,067 
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Tllnk 

I 
Total Total ruo pH Orzanics Ani•as 

(Dry) CO3 Cl F I OH NO3 I NO2 I P04 

Totals=> I &,268,500 2,7~9,700 S,51.9,100 10,7?..6 l&,009 1..9,168 o.i:31 .3,Ul 743,151 I 20,20S 
66.7'!!. 0.l'J. 0.2'.'1, . 0.2'J. 0.()"il, 9.K 0.2'!!, 

w . 1 • A 200 200 8.8 0 0 0 0 
w . 1 . I 
w . 1 10,100 10,100 8.0 0 6 0 0 0 0 
w . 2 5,400 5,400 10.0 0 3 0 0 0 0 
w . 3 293.900 9.400 284.500 10.1 390 420 5 5 13 180 
w . 4 191.800 17,500 174,300 10.0 410 280 3 3 260 22 
w . s 149,700 25,000 U4,700 10.6 300 820 6 85 2 90 
w . 6 728,400 43.900 684,500 10.3 590 2,700 54 260 220 200 
w . 7 126,600 48,300 78.300 10.7 543 740 7!2 61 26 2 
w g 313.800 24.800 289.000 9.7 600 210 133 23 1.180 120 
w . 9 140,400 30,800 109,600 10.2 450 190 43 8 180 300 
w . 10 675,000 44,900 630,100 10.2 30 1940 319 149 3,100 170 
w . 11 8,200 8,200 7.8 0 0 0 0 0 
w . u 
w . 13 3.900 100 3.800 3.0 0 0 0 0 0 
w . 14 2,.300 100 2,200 0.6 0 0 0 0 0 
w . 15 6,000 200 5,800 0.2 0 0 0 1 0 
w . 16 
w . 17 
w . 18 
w . 19 
w . 20 
w . 21 236,400 94,200 142,200 0.6 540 279 134 41400 670 
w . 22 179,600 179,600 
w . 23 223.700 115.100 113.600 12.8 790 1.540 130 40 90 7.300 180 
w . 24 490,700 181.100 309,700 13.1 550 2.570 740 140 1.410 74,100 1.440 
w . 25 497,900 210,700 287,200 u..s 690 · 120 500 100 200 52,000 · 1010 
w . u 499,400 178,800 320,600 112 · ·. 1.520 3,010 880 120 40 51.200 -1.260 
w . 27 485,300 169,700 315,600 118 550 150 610 uo 40 68,200 1,230 
w . 23 514.500 213.600 300.900 9.1 330 220 1.800 180 60 134.500 1.830 
w . Z9 423,800 164,500 259,300 13.0 200 1,020 1.140 190 460 110,300 1,980 
w . 30 423,800 156,600 267,200 13.3 80 1230 1,090 190 870 106,100 1.980 
w . 31 466,000 156,200 309,800 117 180 200 850 160 60 9"...,500 1.660 

WC . l 3,000 3,000 7.9 0 0 0 0 0 
WC . 2 
WC . 3 
WC . ·4 
WC . s 
WC . 6 
WC . 7 
WC . g 

WC . 9 
WC . 10 
WC . 11 
WC . 12 
WC . 1.3 

WC . u 
WC . 15 8,000 8,000 7.9 0 1 0 0 0 
WC . 17 3,100 3,100 7.7 1 0 0 0 0 
WC . 19 
WC . 20 

S04 I Al Ba I Ca Cr I Fe n 

30,697 3,960 213 5-1,426 466 l,'43 S38 

0.6 0.O'll. 0.0'll. 0.7'J. O.O'll, 0.O'll, 0.()"il, 

0 0 0 0 

0 0 0 0 
0 0 0 0 

130 0 33 2 
192 1 31 7 

52 8 30 20 
230 20 147 71 

4,033 80 49 20 
760 1 14 50 
120 6 6 20 
650 7 15 41 

0 0 0 0 

0 0 0 0 
0 0 0 0 
0 0 0 0 

670 70 9 6,300 14 192 21 

290 510 10 10.101 30 350 80 

1 420 233 6 4,002 6 81 22 
1000 721 21 9,856 20 241 60 
1.250 :. 1.451 20 7,005 . .. 30 · 451 91 
1,220 821 10 9,330 11 271 21 
1.820 42 4 5,500 3 31 10 
1.970 7 0 2 1 1 l 
1.970 13 0 4 1 1 l 
1.650 91 2 2,326 4 31 11 

1 0 0 0 

-

0 0 0 0 
0 0 0 0 

Cations 

M: I NI K s. I 
11,UJ 113 59,7~ 62 
0.1'!!. 0.0'J. 0.7-J. · o.~ 

0 0 

0 0 
0 0 
0 0 
1 0 
3 0 
6 0 
5 0 
5 0 
3 0 
7 0 
0 0 

0 0 
0 0 
0 0 

1.430 7 3,300 2 

2.900 20 6.200 7 
780 3 4,200 9 

1500 9 5,800 11 
. • 2,101 22 15,700 11 

1,000 5 3,300 10 
1290 3 10.020 3 

l 0 3,900 2 
1 0 3,700 2 

130 1 3,630 4 
0 0 

0 0 
0 0 

' 

WHC-EP-0566 

Table 0-11. Oak Ridge National Laboratory 
Underground Storage Tank 

Chemical Characteristics (pounds). 
(sheet 1 of 2) 

Others 
Si A& I Na 

38 2? 31&,900 1,445,793 
0.()"il, 0.0'll. 3.~ 17.5'!!. 

0. 0 

0 0 
0 0 
2 0 8.220 
0 0 16,289 
1 0 23,582 
2 0 39,400 
0 0 42,020 
0 0 21703 
0 0 29,473 
1 0 38,470 
0 0 2 

0 0 130 
0 0 60 
0 0 215 

0 4 11.500 27,684 
179,600 

0 5 18.000 66.538 
70 1 38,100 51.168 -
0 . 2 32,600 104,219 
3 -· . . 6 27,000 65,628 
0 2 35,400 47,395 
0 1 38,000 17,961 
0 0 43,300 
0 0 39,400 
3 l 35,600 17,073 
0 0 2 

0 0 7 
0 0 
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Table D-12. Oak Ridge National Laboratory 
Underground Storage Tank 

Radiological Characteristics. 
(sheet 1 of 2) 

C..U7 I ,en I !1•1 ~ 
s~ I 

,01 I c1•1 ~ (Cll 
no 

o•i 
Odaen 

(Cl) • mi 

I ¼ln} I I .,.616 [ 

!zj 

:zm 

580 
366 
Ir/ 

0 
0 
0 
0 
0 

3,6:lS 

i.,rm 

3,240 
3,700 

961 

0 
0 
0 
0 
2 
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Table 0-12. Oak Ridge National Laboratory 
Underground Storage Tank 

Radiological Characteristics. 
(sheet 2 of 2) 

TaalL I T ... I h:O, I hlll Ulll Ull$ U?l,4 ll'm n.Zle R..J:U PU10 I PlaU7 I C,144 lldJ"T C.U7 s~ Y,O I Otll .... = ~ ~ ~ ~,~~~~,~~Im ~Im~ m ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ m ~ ~ ~ ~ 
T•tals •> 1'..760 lla.o-T, LOJ 11 l7'9 0 ' l&.SJl 176 f 17'.511 13 I 17 lU t :.6.-""91 l _,, ,6l4 l I 

W•l•A O O O O O O O O O O O O O 0 
W • 1 • I 
w.1 o o o o o o 
w.1 o o o o o o 
W • 3 69 1,680 I O O O O 1,680 O O 11 O •9 O 
w • 4 76 l:i,664 O o O O 2 JJ,66• 1 0 20 O l2 O 
w.s ~ 111 0 0 0 0 0 11l O O 21 0 21 0 
W • , 370 •U I O O O O •l:i O O 101 0 1£1 0 
w • 1 1.9•9 3,210 2 o 1 o o 3,210 o o 1.346 o m o 
w . I 2.220 56:i I O 1 O O 56S 1 O 1.177 O 1.W9 O 
W • 9 917 l,Oll 3 0 8 0 0 l,Oll 1 0 &a 0 $16 0 
w • 10 9,392 11• a o TT o o rn o o l,J96 o 7,9(i]. o 
W • 11 0 0 0 · O O O O 0 
w.u 
W • 13 60 0 0 0 0 0 0 0 30 0 30 0 
W • 14 20 0 0 0 0 0 0 0 10 0 10 0 
W • 15 Z30 2 0 0 0 0 0 2 0 0 110 0 120 0 
W • 1, 
W • 17 
W. II 
w • i., 

W-~ 
w . l1 1,6-40 TT,199 22 l •$ O O 2,J04 24 24,&93 I 2 TT O m O 776 O 
w.n 
w 13 6.635 67.m Tl 1 72 O O 3,113 63 6•.ltn Tl 6 61 O 1.312 O 5.!Zl o 
W • 2-4 2,911 6,!ll.3 3 0 i O O lU 6 6,-408 1 0 9 0 1,1(1) 0 1,7&8 0 
W • 7..5 &,SU 14,n6 9 a 17 0 0 1,2)5 13 13.$12 3 l 16 0 l,•91 0 5.259 0 
W • :U 12.931 3-4,021 12 O 33 O l •,9S2 29 29,06• 19 • 36 O 1,0Z6 O 4,825 O 
w . l7 3,5-46 20.2.l5 • O U O o lU 19 19,739 l O 20 O 1,51&3 O 1,$03 o 
W • lS l.7ll 10.!.36 I O 12 0 0 302 10 10.(133 2 0 18 0 2.612 0 1,1(1) 0 
W • ;:, 1.,108 2 0 2 6 0 1,067 0 3-4 0 
W • J4 941 2 0 2 6 0 9(1) 0 32 0 
W • 31 ',004 12,383 3 0 25 0 0 61& 12 11,76• 2 0 ]j O 1,3&:S O ',$63 0 

WC • l 
WC. l 

we. l 
WC• 4 
we. s 
WC • , 
we. 7 

WC• I 
WC. , 

we . 10 
WC • 11 
WC. lZ 
WC • U 
WC. U 
WC • 15 

WC • 17 • 0 0 0 0 0 0 0 0 
WC • 1, 
WC • :20 I 
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APPENDIX E 

SAVANNAH RIVER SITE TANK DATA 
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APPENDIX LEGENDS 
Containment Legend 

• Tank 
- Single Steel Shell 
- Double Steel Shell 
- Concrete 
- Rubber Lined 
- Glass Lined 

• Vault 
- Octagonal 
- Pillar and Panel 
- Partitioned Square 
- Concrete 
- Stee 1 Liner 

Construction Materials Legend 

• Carbon Steel 
• Stainless Steel 

- 347 
- 304L 

• Reinforced Concrete/Cement 
• Rubber 
• Glass 

Radioactive Isotopes Half Lives 

(SSS) 
(DSS) 
(C) 
(RL) 
(GL) 

(0) 
(P&P) 
(P) 
(C) 
(SL) 

(CS) 
(SS) 
(SSl) 
(SS2) 
(RC) 
(R) 
(Gl) 

24,400 years 
86 years 
4.51 x 109 years 
7.1 x 108 years 
2. 47 x 105 years 
I. 62 x 105 years 
8.0 x 104 years 
1,600 years 
21 years 
2.5 years 
284.9 days 
2.55 minutes 
30.23 years 
28.1 years 
64 hours 
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-=J 
U_.,.~•• S&.erace Taak 0...Cripd ... Ua4i•rue••• St.rac-Taak Wute o..a;pde• (Aa •I N ... mkr 1.99t) 

T)-pe 
Staru I C-.d•• I C.• taiaae• t s.ma c .... tr..rd-. c .. u• c 0,-radq TetalWu• I ~~ U111i4 

I M•&aftal• C•ila Ca,-city I °'"rad• c 
r .. n I r .. 1i r.,n O') C.,-acity (I~) 

Tetala •> I 5&.U.Q..000 I ll.986.000 <19.lROOO I !I'" l5.-IM.0001 UL.'71000 

l A luaiY< PAra DSSiC 19SJ CS/RC y .. 7SQ,OOO .114,000 7,JU,.'00 - 107,000 98-4,400 
1 A !ucri,oc PAra DSSiC 19SJ CS/RC y .. m.ooo ~000 1,479,800 73" 1.1,000 138,000 
3 A J.,....;w p Area DSSiC 19SJ CS/RC y .. m,ooo .ISJ,000 1,714,400 74" 1,000 9,200 
4 A J.,....;w PArea OSS.'C 19" CS/RC y .. m,ooo .165,000 l,7.19,900 ~ ~.ooo 3,716,800 
5 A Joa~ PAtn DSS,'C 1953 CS/RC Yes 7:S0.000 .14.000 631.800 ~ 

' A !u<Oft FA=i DSS/C 19" CS/RC y .. 7SQ,OOO ZZ,000 2.17,400 J" 
7 A luc:tift PArea DSSiC 1953 CS/RC Yes m,ooo 402,000 4,2S0.900 .14,. 1&1,000 1,665,200 

• A !ucri,oc PArea DSSiC 1953 CS/RC Yes m.ooo 163,000 1,5107.100 m\ , A Lucaw HAru DSSiC 1953 CS/RC Yes m.ooo .141,000 1,471,600 ~ 1,000 73,600 
II A ID.Jiaiw HAza DSSIC: 1953 CS/RC Yes 7:S0.000 2.13.000 J.981 .000 34'!& 
u A J.uca,,c HArea DSSiC 19" CS/RC Yes 7SQ,OOO 437,000 4,i6l,400 .18'.1, 261,000 2,401;1!XJ 
u A Joactiw HAra DSSiC 19" CS/RC y .. 7:S0.000 217,000 ~1&.SOO ~ &,000 73,600 
1.3 8 1..- HAra DSS/C 1956 CS/RC Yn 1,ID0,000 1&1.000 9,112,700 - 478,000 4,3'17,600 
u 8 1 .. ..; .. HArca DSS/C 1956 CS/RC Ya 1,ID0,000 179,000 2,7lll.900 1~ 1,000 9,200 
15 B lucciw HArca OSS.'C 1956 CS/RC Yes 1.030.000 2J&OOO 1.782.100 lJ"- 1.000 9.200 
1, B Luctiw HA.ra DSS/C 1956 CS/RC y., 1,ID0,000 

17 C luaiw FA=i SSSIC 195& CS/RC No 1,300.000 163,000 l,..1()4.600 13" 161,000 1,411,200 
11 C lnac.c:i-w FArn ss.s,c 195& CS/RC No 1,300.000 44,000 474,!00 J'l& 16,000 147;1!XJ 

i., C JnactiYC fArn 5.S.S/C 195& CS/RC No 1,300.000 J:SIQ,000 1.WJ,800 zr.r, 2.17,000 2,364,400 
::a C Jzac:aft F Arca SSSIC 195& CS/RC No 1,300.000 35,000 3ZZ,OOO )" 35,000 )22.000 
:u C Jue.ave HA.ra SS.S,C 1961 CS/RC No 1,300.000 .191,000 l,472,200 45'!& m.ooo 5,308,400 

::: C hucevc HA=i SS.S,'C 1961 CS/RC No l,.l00.000 161,000 1,631,200 12'!1. 101,0CO '.Tl!),200 

/ 
%J C lua:noc HAru SSSIC 1961 CS/RC No 1,300.000 ru.ooo 4,937,SOO '°" 412,000 4,434,400 

l-4 C Lucaw HA=i SSS/C 1961 CS/RC No l,JCXJ.000 ?70,000 2,494.000 Zl"- 266,000 2,447;1!XJ 
lS D Ac,;.,. FAru DSSiC 1980 CS/RC y .. 1,J00.000 1,2:59.000 17,806,600 97':\ )16,000 2,907;1!XJ 
:,( D Acm. PAra DSS/C 1980 CS/RC Yes 1.J00.000 1.159.000 11.335.300 - 890.000 &18&.000 
-:1 D A<aYc FA=i DSS/C 1980 CS/RC Yes 1,.)00.000 1.774,000 15,499,.00 - 699,000 6,430,800 
.s D A«iw FAtn DSSiC 1980 CS/RC Yes 1,300.000 1,192.000 1&,&77,000 9211, 1,000 9;1!X) 
-:, D Juct:i-w HAra DSSiC 1m CS/RC Yes 1,300.000 1,245,000 l&,OS',000 - 245,000 2,254,000 
~ D Acaw HAra DSSiC 1m CS/RC y .. 1,300.000 l~.000 ll.!76,400 - 1,241,000 11,411,600 
:n D Ta1ctiw HArca DSSIC 1m CS/RC Yes 1..lCXl.000 1.190.000 17.5-41.000 9211, 190.000 1.74&.000 
n D A«IYC HA=i DSS/C 1m CS/RC Yes l,;00,000 1,2:51,000 11.901, 700 - 1,094,000 10,064,800 
J:J D - FAtn DSSiC 1m CS/RC y .. 1,300.000 l,Z!7,000 ll,449..900 94" 824,000 7,580,800 

• 34 D - FA=i oss.c 1m CS/RC y .. 1,300,000 1,246,000 12.a&7,SOO - 960,000 l,&32,000 
:l5 D - HAra DSSiC 1m CS/RC y .. 1,300.000 1,266.000 n,m;1!XJ m 1,Zl.4,000 11,168,800 
3' D l.aadl'W HAztt OSS.'C 1m CS/RC Yes 1..lCXl.000 1.269.000 1&,499.2ll0 - Zl5.000 1.162.000 
YT 0 lnaarN HAza DSSiC 1m CS/RC Yes 1,300.000 1,262,000 18,<IlUOO m 239,000 2,6.18,SCXI 
3a D - HA.ra DSSiC 198? CS/RC y .. l,J00,000 83,1,000 14,02ll,OOO - (8,000) (7.l,600 ,, D - HAra DSS/C 1982 CS/RC Yes l,JCXJ.000 989,000 9,351,JOO 7~ 818.000 &,169,600 - D - HAra DSSiC 1982 CS/RC y .. l,J00,000 <437,000 4,452,900 34" 254,000 2,i2!,800 
4 D Acri,oc HArea DSSiC 1982 CS/RC y,. 1.J00.000 1.246.000 19.W.800 - lS.000 ll&.000 
4 D A<m< HA=i DSS/C 19112 CS/RC Yes 1,300,000 71(1,000 1,12!.SOO ~ J99,000 3,670,BOJ 
.Q D - HA<a OSS.'C 1982 CS/RC y .. 1,300.000 1,ID0,000 9,&71,.lOO 'M 869,000 7,994,800 .. D - FA.ra DSSIC 1982 CS/RC Yes 1,J00,000 1,261,000 1&,430,600 - 20,000 2,ZlS,600 
.u 0 A«iw PA<a DSSiC 1982 CS/RC y .. 1,J00,000 1,lZl,000 11,011,400 94'!& 194,000 l,7M,800 
4' D Acri,oc F Arca DSSIC 198'2 CS/RC Yes 1.J00.000 
41 0 Ac:rvc FAra DSSiC 198l CS/RC Yes 1,300.000 1,204,000 l7,.l.19,600 9Jll, 98,000 901,600 - D Acaw HAra DSSiC 1982 CS/RC Yes l,J00,000 144,000 1,324,!00 mr, 144,000 1,324,800 

~ D - HArca DSSiC l.9S2 CS/RC Yes l,J00,000 164,000 1,so&,800 13,. 164,000 l,S0&,800 

,. D - HAra DSSiC 198'2 CS/RC y .. 
1,J00,000 I 304,000 2,796,800 Zl'!& 304,000 2,796,!CXI 

.5l D - HAra DSSiC 1982 CS/RC y .. l,JCXJ.000 519,000 6,076,300 45" 326,000 2,m;1!XJ 

Sl•r 

(pfl 

l.131...., I 

7,000 
4,0CO 
4,000 

177,000 
.14.000 
ZZ,000 

ZZ!,000 
163,000 

4,000 
4.000 

176,000 
209,000 
403,000 
77,000 

2J7.000 

2,000 
U,000 

20,000 

14,000 

60,000 

.0,000 

4,000 

269.000 
4,000 

1.17,000 
&J,000 

11),000 
~000 

101,000 
173,000 

3&1,000 
161,000 

241,000 

263,000 

,.: 

lL7 

1Wp1U"'-ai41 
lt./r;,,J r., s1 .... 

15..S llJc-1 r.rS•ltC.ake 

I 
SollC..u 

I (l~l r .. n 0~) ~-, l.t..o.ll.01):) lJl.!l'Jt.-1 

11,SIOO 400,000 6,320,000 
-46,800 .IZS,000 &,m,000 
46,800 .1-11,000 1,651,400 

1,4&1,SO) 34,000 S37;1!XJ 
631.SOO 
2S7,400 

~700 
1,5107,100 

46,800 .129,000 1,358,200 
46.800 249.000 J.93-4.200 

2,019,200 
2,445,JOO 
4,7ll,100 

)U,SOO m,ooo 2,J&S,800 
1.m!X1J 

Zl,400 
m ,600 

2J4,00J IJ,000 20.l,.OO 

163,800 

102,0CO 

m,100 

-46,800 
943,000 14,899,400 

l.147.300 
46,.o:l 571,000 9,021,800 

1,191,000 l&,817,SOO 
1,000,000 U,800,000 

6,000 94,800 
1.000.000 IS.800.000 

I,~ 
971.100 310,000 4,8911,000 

1,JZZ.100 rn,ooo 2,733,400 
60&,400 

1.03-(.000 16.337.200 
973,000 1.l,J7J,400 
192,000 14,093,60) 

1,181,700 
2,024,100 

1.Zll.000 19.4-49.800 
4,457,700 
l,&83,700 

1,025,000 16,195,000 
l,OZ7,000 16,226,600 

2,SOJ.,600 Ui,000 l.l,.1.16,400 

l,an,100 

StarTJ' p...i,r 

(rail (I~) , .. n (I~) 
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Table E-1. Savannah River Site 
Underground Storage Tank 
Physical Charact~ristics. 

I T,m,-lud ........ i....._.. I e .. ,o.;~, 
(Pl , .. n I (Cll (Blwih,I ,...i..1 

1R,~ 
::0 .5JO I 5.0'7COO ~ 

lJ1 126.900 34.4 
JZ7 37,080 &.7 
140 62,150 14.J 
177 299,600 lOU 
14.1 166.200 .126.1 
147 161,.800 J2S7.2 
l1J 139,200 6.1..1 
m '17,990 102.& 
111 30,670 7.2 Salt5tonro 
120 ll.02ll 7.j Salt Stonte 
113 1.5-4,700 69.4 riip-ilc::ati.l11dcc uoncc 
177 172,300 136.& HiJi-lt.ac ,l•drc stonrc 
160 'JST,11/JJ ¼6 Evt?O"'°" (et:d., sludrc ,tan re 
100 :zs.:so 11.6 SlDdrc aad u.Jt 1tonrc 
m 167.400 120.J Slodte stantc 

Zll .130 HiP,-lC'Yd wuu: rnaOW-C. taai: iotc:nor d aDCd, 
illicu.J auo.Ju cJcaai111 complete. 

72 11 0.0 Wutcn:-:aowd 
70 1'17 IU Wuu e:ucacillty rcmowd., rc:siduJ sladp 

rc-oai:u .. 
72 566 0.4 
66 70S 4.4 Wutcrc=.OYC-d 

7J 193 0.1 Wucc maowd., ruiduJ lludrc n:m.aia&., 
~ di.l•t. nd.io.aca,,,c wutc coaai.aiac 
oa,., 1-~ &0/id, from RBOF/RRP. 

6& 304 0.4 Wuu. t'l:O:owd, ra1du.aJ 1ludtc re=-a..LQ.1,, ~tva 
dilate ndi01ictiw: wutc coat1Ulia1 oefy 

1-~ JOlid.s lrom. RSOF/RRf ud wui wsttr. 
72 Wut.c C"CS10¥Cd.. rcaiduJ Madre rem.ai.a.,.. l'C'CCl'YCt 

dihu: ndioKCW wuu: c:oac,Ulin~ oal-Y 1-~ 
M>li<U U'0m RBOF/RRF. RCCC"lva diwn:cd aad 
recydcd ..,..;,c,d fro• 242-H <YOpon0>r 

79 311 0.2 Wutc rc-mowd.tuida.al slcadrc rem.a.us 
1lJ SJ,J70 6.0 C.Oao=tntc rcuiYCf' 
136 1.901 O.J EnoontM (ttd aad L9W reeei'wT 
Ill IUSIO 1.6 C.Cac:ncn.c.e: ~ 
91 153.900 16.3 Salt,..,.;..., 

12D Zl9.200 26..1 HHW co•cc-,.cnc.e: rec:cn"C'r 
99 lZl,300 21.0 HHW co•cn.tnte re,:c:n,tt 

124 203.400 Zl.2 HHW co•cntn tc ~ 

2Dl 472.200 79.4 HHW coe,oncncc ~,ludrc stonrc 

106 too.zoo 14.ll Hip--iatwute 1tonrcJ~ 
. 117 1Zl,600 JS.J Hi~atwutestonrc/rccciYCt" 

111 .126,400 89.4 HHW co•cca<nfA "'""'""sl•drc: stone-: 
m 1'17.700 21.i Hh"'W coac:ncn.cc ~ 
90 1.)7,400 15.2 ~..h"W coac;c11cncc rc-cci-.u 
104 .s,.ll6 IU HHW co1c.c11cnce recciwr 
124 449,600 96.2 HHW CO• CC'lltnCC t'C'CC'r'¥'ttfsludre stonre 
82 1,334 0.6 Slodro p......,iai/DWPP >l••ce f«d 
u 41.990 (.3 LLW COOCC'lltnte: ~ 

99 100,400 V..7 Sllldr< proca,i• 1 
109 3,699 0.7 EnpontoC' fttd aad l~acwuc.e CTCCTYtt 
122 39,600 4.J e.o,Cllt"Dcnr.c recawc 
117 36,1.30 4.0 Coocnrnr.c rec.ciwt' 
79 S0are c:ulc (t1n0rv) 

124 JQ,200 3..1 ColKC':ltntc recciYCT 
12 t,m 1.0 Saltim,ceui,11taall:l0<i.o-t1all: 

pn,:ipio.c:io1 (u.Jt de-cooCJ..c:WLacioa) 
77 Salt pt,:,,c.cui:a1 tut for ia-tu.k prccipitatioa 

(c,r-ccioio.te r,:-oriwrlOMF (ttd bak) 
II Salt procc:LHIC o.U: for ia--a.U p~piaooa 

(@tnc. ....;..,t,altau,•c l«d a.ak) 
!lO 3,206 t.l Slodi< p......,iai/DWP!' ,lodce l«d 
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Taak I T.ad I Total ~ I pH O"%aaia An.i•u 
(Dry) COJ Cl ., OH NOJ I N02 I l'04 I 

Tota.I.a 2> I -11~,11.s.i.oo ZiJ,&o,,100 1~000, '4,!113,iOO 32,~ 21.3,800 20,7°'4,200 U4,7rJ,600 i,,s1,.300 170,900 
lJ.5~ L..~ 0.K 0.1~ O'!'f, 2'.K o.~ O.K 

, 1 7,JaS,700 6,237,700 1.148,000 104,400 200 S,700 224,600 3,llo,300 48,700 1.200 
z 8,480,100 ,7.825,100 65S,000 128,200 . . ,7,500 ·· W ,900 3,970,700 S1,.300 200 

•, 

3 8,713,800 8,1Z7,800 586,000 132,SOO 7,800 231.000 4,131,600 S2,100 
,4 S,740,300 2,249,3-00 3,491,000 48,3-00 900 600 453,400 626,100 44,100 4,500 
5 631-300 284.3-00 347.000 5,700 l O'J.600 5.100 

' '157,900 115,900 142,000 2.300 44,700 2,100 
7 4,250,200 1,646,200 2,604,000 35,200 400 530,500 181.100 18,300 2,000 
I 1.907.200 858,200 1.049,000 17,100 331.400 15;300 , 8,478,600 7,865,600 613,000 128,700 7,600 226,400 3,9'>4,600 51,000 100 

10 3.981.200 3,703.200 278.000 60.500 3.600 l O'J.200 1877.100 23.600 
1l 4,460,100 1.623,100 2,837,000 35,600 600 100 475,000 247,800 26,400 2,900 

u 2.SlS.700 1.121, 700 1.397,000 22.SOO 428,.500 26,700 800 100 
u 9,113.000 3,397,000 5,716,000 74,100 1,000 100 1,033,900 461.300 48,400 5,300 
u 2,710.900 2,377,900 333,000 39,400 2,..">00 116,600 1.141.500 14,400 
15 2.782.400 1.250.400 ts32.000 25.000 482.3-00 23.100 100 
16 
17 l.5°"-900 439,900 :t.065,000 10,900 3-00 76,3-00 142,800 16,3-00 1,800 
lS 475.200 190,200 28.S,OOO 4,000 64,100 16,800 1,600 200 
1' 2.804.200 983,200 1.821.000 22,3-00 500 3-00 161,.."-00 327,600 27,200 2,800 
2# 322..."-00 93.300 229.000 2.300 100 15.700 31.000 3.500 400 

21 5,472,100 1.613,100 3,85 9,000 39,700 1.100 200 287,500 512.500 58,400 6,400 

~ :t.631.200 S&S,200 1046..000 13.000 200 167,3-00 95,100 10.200 1.100 
23 4,937.200 1.512.200 3,425,000 36.500 1.000 100 3-03.800 431,100 48,600 5,300 
u 2,493.500 T.>0.500 1.763.000 18,000 600 100 1Z7,500 236,000 26,900 2,900 
25 17.807.000 14.789.000 '3,018,000 248.600 700 13.600 524.600 7.387.500 121.400 3.500 
Ui 11.33-4,900 3,790.900 7,544,000 87,300 l.900 200 946,400 813,800 90,100 9,800 
Z7 15,499,300 10,330.300 5,169,000 184,600 1.500 8,400 553,700 4,923,400 124,900 7,700 
23 18,827,000 17,616,000 1.211.000 257,700 17,000 483,800 8.977,600 113,000 
2' 18,054,400 15,442,400 2,612,000 257,700 500 14,400 515,800 7,754.200 119,600 2,700 
30 11.576.400 3.418,400 a15aooo 84.100 2.600 . 400 562.700 1150.900 126.900 13.800 
Jl 17,547.700 15,195,700 2,252,000 254,100 400 14,300 491.200 7,705,500 114,000 2,100 
3Z 11.901..:300 3,745,3-00 8,156,000 89,000 2..."-00 300 810,300 984,000 110,700 12.100 
33 13,449,800 7,219,800 6,230,000 138,200 1,700 4,700 664,500 3,074,300 112.800 9,100 
3-4 12.887,800 5,714.800 7,173,000 117,JOO 2.000 2,700 730.900 2,165,100 113,600 10,600 
JS 11.776.700 3.512, 700 8,264,000 85.900 2.600 3-00 650. 700 1080.400 12'.?.900 13.400 
J6 18,499,600 15,918,600 2,581.M 265.200 500 14,800 525,200 8,001.600 121,800 2,600 
37 18,032,500 15,160,500 2,872,000 254,100 600 14,000 524,600 7,589,700 121.500 3,200 
JS 14,020,400 13,170,400 850,000 214,900 12,700 358,400 6,716,100 83,800 (100) 
3' 9,35Q,900 2,900,900 6,450,000 69,400 1.900 200 604,000 796,200 89,900 9,800 
~ 4.453.300 1.615,3-00 2,838,000 35.700 600 100 470.200 250.100 26..700 2.900 
4l 19,587,800 18,244,800 1.343,000 298,200 17,600 506,3-00 9,291.500 118,200 200 
,4Z 8,128,700 3,070,700 5,058,000 66,500 800 100 953,700 389,300 40,400 4,400 
43 9,STl,9-00 3,165,900 6,712,000 74,500 1.800 200 . 717,400 785,000 " 87,900 · .. 9,600 

44 18,430,900 15,806,900 2,624,000 263,600 500 14,700 525,100 7,940,900 121.800 2,700 
45 18.011.400 15.705.400 2.306.000 260.800 400 14.700 503.900 7.912.500 117.000 2.100 
46 
47 17,360,100 14,256,100 3,104,000 239,800 200 12.300 896,400 6,577,IXYJ 91.300 1,100 
4S wzs.100 384,100 941.IXYJ 9,500 3-00 64,600 1Z7,600 14,600 1.600 
49 1.508,.500 437,500 1.071,000 10.900 300 73,600 145,3-00 16,600 1,800 
~ 2.797.100 81l100 1986.000 20.100 600 100 136.500 269.3-00 3-0.800 3.400 
51 6,076,600 t 2.254.600 I 3,821,000 49,300 700 100 68:t.ooo 1 313,500 t 33,ooo I 3,600 

504 I Al I Ba c.. I Cr I .,. 
15,1.3-4,JOO ,,LS&,600 325,100 '4,900 Z,770,700 

1a l...."'S u~ O.K 0. 7'J, 

<l04.300 131.300 600 200 S,100 
S28,100 .. 153,100 300 100 . . 2,900 -
550,900 · 158,000 3-00 2,900 
44,400 162.800 10,800 2,000 91,700 

900 44.700 4.600 600 39.000 
400 18,200 1.900 300 15,900 

7;300 204,600 18,700 2,800 · 159,500 
2,700 135,100 13,800 1.900 117,700 

531,900 153,400 3-00 100 2,900 
250.300 73.500 3-00 2.900 

8,200 176,800 14,900 2,400 127,100 
3,600 174,100 17,700 2,500 150,900 

16,300 390,700 34,100 5,400 290,900 
152.200 65,100 2,300 3-00 19,500 

3.900 196.500 20.100 2.600 171.100 

3;300 20,800 200 200 1,400 
800 25,100 2.400 400 20,200 

18,600 50,700 1700 600 14,400 
700 4.200 

11.900 80,100 1.200 900 10,100 
3,000 61.700 5,100 800 43,3-00 

10.500 92.S00 3,600 1.100 31,000 
5,400 34,900 3-00 400 2,900 

954.200 303.400 400 
ZZ.500 328.600 21,600 4,3-00 194,200 

588,100 247,3-00 300 900 2,900 
1,197,100 336.000 
1,010,100 311.100 300 

31300 149,800 1600 
1.009,M 3-04,500 200 

24,700 260,000 13,300 3,J-00 113,3-00 
329,600 254,000 7,000 2,000 59,900 
195,200 256,400 9,600 2.600 81,600 
25.400 187,200 4,400 2.200 37.500 

1.044,100 319,500 300 
983,800 3-08, 700 400 
896,400 250,600 

19,600 189,100 8,600 2,300 72,900 
8,200 174.700 14,700 2.400 124.900 

1.237,600 348,900 
14,400 36.3,100 32,300 5,000 V5,100 .. 
20,200 236,600 . ' 13,600 3,000 116,200 

1,035,200 317,900 3-00 
1036.200 312.600 200 

868.500 459,100 21.000 3,100 179,000 
2,900 17,100 200 
3;300 19,500 200 
6.200 36.100 400 

10,900 256,600 1 22,300 3,500 189,900 

C..d-.. 
n M, NI K 

37,100 1Z7,200 
o.~ u~ 

100 400 
200 
200 

1,200 7,500 
500 3.200 
200 J.,JOO 

2,200 13,100 
1,600 9,700 

200 
200 

1.700 10,400 
2.000 12,400 
3,900 23,900 

300 1.600 
2.300 14.000 

100 
3-00 1.700 
200 1.200 

100 800 
600 3.600 
400 2,500 

200 

2,600 15,900 
200 

1,500 9,3-00 
800 4,900 

1,100 6,700 
500 3,100 

1,000 6,000 
1.700 10.3-00 

3,700 21,600 - 1,600 9,500 

2,400 14,700 

I 2,600 15,600 

WHC-EP-0566 

Table E-2. Savannah River Site 
Underground Storage Tank 

Chemical Compositions (pounds). 

Other 
s. I SI I ~ Na 

I ~l,300 71,117,700 25,951,300 
0.K 17.K '-~ 

100 1.607,400 593,100 
1.982,200 772,400 
2.054,100 806,100 

1,400 551,700 197,900 
600 6.600 63.000 
200 2,700 25,700 

2,400 210.200 257,900 
1.800 19,900 190,200 

1,990,100 778,300 
933,200 368.800 

1.900 28.5,700 205,400 
2,300 33,700 243,900 
4,400 533,000 47o,300 

300 569,900 252,3-00 
2.600 3-0.000 V6.600 

163,200 2..."-00 
300 19,600 32.700 
200 311.200 42,400 

35.400 
200 585,600 16.3-00 
700 l O'J.500 70.000 
500 493,000 50,200 

269,700 4,700 
3.852.000 1 379.100 

2,900 933,600 314,000 
2,846,,00 839,700 
4,462.100 1.741,700 
3,993,600 1.462.400 
l :?BS.500 8,800 
3,938,000 1.462.400 

1,700 1, 126,3-00 183,200 
900 2,005.200 550.200 

1.200 1,633,300 384,900 
600 tZ34.900 60.700 

4,110,900 1,512.100 
3,937,000 1,421,900 
3,333,100 1.304,500 

1,100 911.000 117,900 
1900 288.300 201900 

4,626,100 1.800,200 
4,200 450,400 444,700 
1.800 899,100 · 187,900 

4,085,200 1.499,000 
4.043.100 lSOl.900 

2,700 3,343,300 1.544,200 
145,,00 
166,000 
3-07.600 

2.900 I 362,100 307,000 
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Table E-3. Savannah River Site 
Underground Storage Tank 
Radionuclide Composition. 

Ta.Dir. I T .... I II P.:Z:3' Pdll I I.TD& I U:z:J.5 I = I um l"hZi. I RalU I lu:z:.6 I Pml47 I C,i+I I Bol.J7 I C..131 I s~ I Y,O I OU.on 
,en (I\\ 11 ,en mi ,en ,1u 1• 1 I 11\1 (Cl\ I U\l ,• 1 O\l ,en I nu ,en I (I\\ ,• 1 I 11"' ,en I fl\l <en I (l\l ,en I n\1 ,en I mi ,en I O\l ,en I fl\\ ,ai I O\l ,en I mi 

r ... 1. -> j 5l7.9L&.°'"' .i,o.010 11 i.s10 9"...J I n I Jn.ooo I 2.• 1 2..wo I 1 1 1 I I ::..s.•11.!&l n.• I :.as..'-00 L.9'.J I 1 1 1J1.,11.7oo I .J..J-r7 I 1:A;-....000 2.oza 1~ 1 o.su 1 1u.o.nooo 1 ..._L 

l 13,970,000 1,190 10 Cl2 0 1,000 0.0 10 6.,800 6.,130.000 l.l6 1,0%,000 18 1,0%.000 0.004 $,6-41,000 2.1 
~ 4,181,000 60 -1-46 2,067,000 SJ IOUOO 2 106,000 0.000 1,902,000 0.7 
3 7,003,000 90 1,297 3,450,000 88 188,800 3 189,000 0.001 3,IAOOO 1.2 
~ 30,070,000 1.S,400 100 3.7 2 U,000 0.1 100 •l-&,900 1.0 SOO ll.lXXl S,JU,000 !JS 9,701,000 1..SS 9,70I.OOO 0.039 •,891,000 U 
5 lS..lll0.000 6.170 <O 1..l 1 6.000 0.0 <O 71.080 0.2 :)8&.100 10 7288.000 111 7.Jll0.000 0.030 353.000 0.1 
o 15_250,000 l,150 20 0.7 0 l,000 0.0 20 ,0,630 ll.2 rn,.oo 13 7,076.,000 113 7,07&,0CO . 0.02:9 48-4,000 ll.2 
7 1J,C60.000 26,2!0 180 6.• • 26.000 Cl2 170 25,080 0.1 •lll,800 10 6.,IZI,000 98 6.,123,000 O.OZS 380,000 0.1 
I 9,280.000 19,210 130 4.7 3 19,000 0.1 130 9:S,970 Cl2 33&,700 9 4,266.000 6& 9$1,000 G.017 312,000 0.1 
, 3,466,000 SO S22 1,731,000 44 70.!00 1 71,000 0.000 1,593,000 Q..6 

10 1.699.000 20 344 &5Z.:OO 22 ll.300 1 ll.000 0.000 73-4.000 O.J 
ll 14,770,000 21.270 150 S.2 l n.COJ 0.1 140 ~ 0..8 J37.-!00 10 6,437,COO IC!I 6,83&,000 0.028 JS9,000 0.1 
U 16,250,000 2S.JIO 170 6.2 • 25,000 Cl2 170 1= 0.J S•6,.IOO I• 7,5•0,000 In 7,542,000 0.031 •9'J.OOO Cl2 
u ZS,!30,000 48,:190 3-40 11.9 7 •1,000 O.J no 19,770 Cl2 • nro a.002 s,211.,000 m 1,ass.000 1:z.s 1,m,000 0.032 •,807,ooo u 
14 2,6-19,000 3,050 20 0.7 0 3,000 0.0 20 IJZ7 &59,600 22 •9L800 I •~000 O.OOl 790,000 O.J 
15 lS.710.COJ 21.JJO 200 6.9 • 2!.000 0.2 190 71.440 0.2 •Zl.200 11 7.•l•.000 111 7.•16.000 0.030 JIS.000 0.1 
16 
17 2,0CO 31 100 400 1,000 0.0 
u n.oco 203 l.200 2,,00 1,000 0.000 1,000 a.o 
1, 6S,COJ 3,020 20 0.7 0 3,000 0.0 20 IS 32.900 1 600 1,000 0.000 J0.000 a.o 
::, SO.CO> 9 S0.300 1 1.= 1.000 0.000 37.000 0.0 
:1 1&,0CO 2,010 10 0..l O 1,000 0.0 10 II l.100 7,300 7,000 0.000 2,000 0.0 
:;:: 33,COJ 11 12.SOO •,300 4,000 0.000 12,000 0.0 
Zl 2,010 10 0..l O 2,000 0.0 10 
:.• JS.OCO I 17,300 500 SOO 0.000 16.,000 0.0 
2.S 6.062.0CO 80 4.Jl7 l .087.000 79 6'.800 1 65.000 0.000 2.3-41.000 1.1 

;. . 217.00l 7,0SO SO 1.7 I 7,000 0.0 SO 'l< 111,800 J ;o:, I 1.000 0.000 IOJ,COO u.o 
-::7 1,396.000 20 736 713.800 18 12.600 13,000 0.000 656.000 0.2 
::s 17,•llO.OOl 230 7,:12! 1,94.1.000 228 149.500 21 lS0.000 0.001 8.2:JS.000 3.0 
:, 27,180.00l S,390 JO 1.2 I S,000 0.0 JO 4-1.•JO 0.1 13,mooo 352 )04.200 S J0,1,000 0.001 12,707.000 •.7 
JO IJ.890.000 180 131.100 o.• 15400 0.011 <1.98-5.000 173 119.900 ! 120.000 0.000 6.-168.000 2.• 
Jl 23,120.000 JIO I ,2.3-40 0.1 100 l).IXK) ll,i50.000 &J ::.61.;00 • ;:62,000 0.00! l(l,.S0<,000 4.U 
n ;9,3sa.ooo •JO •,os1.ooo 9.2 533700 ll.369 6,719,ooo 171 1.l..l60.ooo 2•9 15..l60.000 a.063 6.910.000 2.6 
J:J 11..l:ZC.OOO 110 1..lJ2.000 3..l 235800 0.163 2,934,000 n 1.903.000 JO 1.903.000 0.008 3,012000 1.1 
:i.. zs,•70,000 230 I 3,m.ooo 7.J SJSaoo O.J71 S.JJ.1.000 136 SJ82.000 S6 S.Jc.ooo o.ozz S,612.000 2.1 
ll lS~OOO 32.720 !20 7.9 l ;z,ooo 0.2 no 4.915.000 11.1 711300 0.492 9.JOl.000 237 lS.750.000 ZS! lS.760.000 0.06-4 9.•98.000 l..l 
3' 22.!00.00J JOO I i9,l!60 <l2 1300 0.001 11,•JO.OOO ;:91. 13-4.BOO 4 232,000 0.001 10..lZZ.OOO I l.9 
31 u ,570,000 no 102.000 0.2 •900 0.003 1,91.1.000 202 173.900 J 11 .. 000 0.001 1,293-000 2.1 
JI 626,000 10 I ' 132 3!!,100 8 7,500 .. · 7,000 0.000 293.000 I 0.1 
39 S!,211,000 380 ·· •· - · ·' • · ' ·· · • 9,787,000 " Z2.l 743500 ·O.SU - - 4,117,000 ·• !OS 15,!60.00J 253 !S,8?0,000 ·•• 0.06-4 · •,&33,000 1.8 
-'O 150.000 I 1.J9:S l:1.000 1 l &.800 19.000 0.000 53.000 0.0 
41 4,i67,00l 19,200 I 130 4.7 J 19,000 l).J 130 /.XS l.•Zh,000 62 ,3.;:.oo I SJ.000 u.tll) 2,:!32.000 0..8 
G 9.JM,000 10.15-0 70 2,S 2 10,000 0.1 70 •J,790 0.1 l3&,100 • 4,SJ7,000 73 4,S)&,000 G.018 IZ7,000 0.0 
.o 417,00J 13,100 j 90 3.2 2 13,000 0.1 90 13-4 20•.JOO S 12,000 12,000 0.000 18&,000 a.1 
.._. 4,S0<,000 6,100 I •O l..l l 6.,000 0.0 <O 1,822 2.312.000 59 31,400 l 31,000 0.000 2,12&,000 a.& 
'5 4.104.000 SO 2.SS1 2.093.000 SJ •t2:JO I 41.000 0.000 1.926.000 0.7 
.... 
¥1 3,•2&,000 SO 2,&57 1,7•1,000 44 •1,500 I •1,000 0.000 1,602.000 0.6 
... lS0,000 12,090 80 3.0 2 12,000 0.1 30 13 76400 2 1,900 2,000 0.000 70,000 0.0 
.,. 21,15-0 lSO S.2 3 n,ooo 0.1 1<0 
so 
n 3-40,000 •5,320 11 no 1u 1 •s,oco I O.J I JOO I I I 1,r.i11 I I 116,100 I .1 57,WJ - 1 S&,ooo OJXXJ I 106,000 I a.o 
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