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1.0 _INTRODU N

On February 25-27, 1992 Bovay Northwest, Inc. conducted a workshop in Tucson, Arizona on
interim subsurface barrier technoiogies that could be used around underground storage tanks
(UST), specifically the 241-C-106 tank at the Hanrord Site in Washington State. The workshop
addressed the in situ treatment of geologic media for interim confinement of wastes in

underground storage tank systems. The technologies wiil be screened and then be tested in the
field in a fuil scaie demonsmation and development project.

This report documents the informarion presented in the workshop, including advantages and
disadvantages of all the technology and treatment optons and recommendations for further
engineering and deveiopment. Some of the information in this report was provided by technical
experts during their review of drait versions. A list of workshop attendees can be found in
Appendix A.

1.1 SCOPE AND OBJECTIVE OF THE WORKSHOP

The objective or the U.S. Department of Energy (DOE) UST workshop on "Interim Subsurface
Barrier Technoiogies” was to idendry a host of candidate technologies and to select two or those
technoiogies for potentai appiication to the 241-C-106 UST at the Hanrord Site. Althougn the
focus of the workshop was to discuss barrier technoiogies that couid contain the 241-C-106 tank.
cleariy the technoiogies presented may have application to additional DOE UST's at Hanford and
other DOE sites. Moreover. the technoiogies may also have appiication to commercial and
indusmriai serungs.

The scope of the workshop inciuded ail subsurrace barrier technologies that could be instailed
around an UST or series of USTs. The scope did not inciude in-tank trearment.

The foilowing generai guideiines were used in the planning of this technoiogy development
WOrkKsnoo:

. Technoiogies. processes. and systems proven by applicadon to similar situations

(e.g. non-radioactive indusmai) shouid be pursued first to save time. Therefore.
anaiogous situations in which technoiogies have been appiied and systems using
‘ecnnojogies deveijopea eisewnere shouid be investgated.

As a leader in the DOE's environmental restoration program. technoiogy
demonstrations shouid proceed on actual waste problems as soon as feasibie.

The engineered systems and personnei available on-site and within the DOE

compiex shouid be taken advantage of to refine technoiogies developed by
ingustry, national laboratories. universides. and others.

/

Safetv is paramount in the develooment and use of technoineies on simujated or




‘actual wastes.
o Priority should be considered for demonstrating those technologies with
applimion; to private industry and/or other DOE waste applications.

1.2 PURPOSE AND SCOPE OF THE REPORT

The purpose of this report is to document information and ideas presented at the DOE Interim
Subsurface Barrier Technology Workshop, including the identification of two technoiogies that
shouid be investigated further for possible instailation around the 241-C-106 tank.

The scope of this document includes those subsurface barriers that could be empiaced in si
near the 241-C-106 tank. It is clearly recognized, however, that the barriers discussed in this
document may have application to other USTs in the DOE compiex. The scope included any
technoiogies that could be empiaced vertcally, horizontaily, or as a monolithic encapsuiation.
The scope of this document does not inciude empiacement technoiogies (although they are brietly
discussed). In addition. the scope does not inciude cover barriers or caps.

1.3 TECHNICAL EXPERTS

A towal of 30 expert candidates were reviewed and screened down to 6. These experts were
invited to attend the workshop. Selection criteria were based upon the following prioritized
parameters:

. Working knowiedge and experience with subsurface barrier systems
J Appiicability of known barrier systems and materiais to DOE USTs
) Willingness to prepare and present materiais

| Availability and interest

. Rates.

A synopsis of the background of all tecnnical experts can be found in Appendix B.
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1.4 WORKSHOP PROCESS

The meeting agenda for the workshop is shown in Table 1-1. The workshop process is shown
below:

. Problem identfication

. Expert tesumony

. Selection criteria identification
. Expert opinions

. Selection process.

The inidal step in the workshop process was to introduce the problem in detail by familiarizing
the participants with the scope of the problem. Presentations were made on the UST-Integrated
Demonstration (ID) Program. background information on DOE USTs, and the 241-106-C UST.
Background information was provided to the experts prior to attending the workshop. Each
expert was asked to provide a 45-minute presentation regarding applicabie barrier teciinologies.

Based upon expertse from DOE and contractor personnei. the third step in the process was (o
idenury seiecton criteria. This step inciuded identification and discussion of criteria that could
eliminate the possible of use of some tecanoiogies for barrier application to the 241-C-106 tank.

Ovpportunity was then provided for the experts to once again present their opinions and ideas
regarding potentai solutions to the prooiem arter consideration or mitigating concerns. This step
proved to be extremeiy userul in the seieczon process that followed. Finaily, informal selecgon

was inidated to refine and screen ail technoiogies based upon selection criteria and optons
presented.

The mechanics of the workshop process were geared towards an easy and free exchange of
ideas. As such. the workshop attendance was kept smail and all attendees were encouraged to
participate via questdons and comments. The facilitator purposely planned extra time for
frequent intercnanges. Workshoo secr=waries noted and recomed information presented via
slides. overneads. flip-charts. and tape recorder.

Each anendee was provided with a workshop notebook. As material was presented. all attendees
were provided with hard copies for piacement in the book.
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Table 1-1. DOE UST INTERIM SUBSURFACE BARRIER TECHNOLOGIES WORKSHOP AGENDA.

Session I
‘Registration N.M. Motahari Bovay Northwest
Facility Information C.L Edison Bovay Northwest
Welcome/ Introduction T.J. McLaughlin Bovay Northwest
Purpose & Background S.J. Phillips Westinghouse Hanford
DOE/UST Integrated Demo. Program J.X. Rouse Bovay Northwest
DOE USTs J.K. Rouse Bovay Northwest
106-C SST S.P. Airhart Bovay Northwest
Modified Sulfur Cement P. Colombo Brookhaven Nat. Labs
Polymer Concretes R. R. Davidson Woodward-Clyde
Grouts (various) D. W. Fowier U. of Texas, Austin
Cryogenics I. K. Iskandar - USCOE..
Meedng Adjourned
Session II
Announcements/ Handouts C.L. Edison Bovay Northwest
Concrete Technologies A. Naudts ECO Geochemicai.
Jet Grouting P. J. Pettit Halliburton.
Slurry Injecton S. J. Phillips Westinghouse Hanford
In Situ Heatung J. Tixler PNL
Horizonti Driiling D. Russeil K&M .
Screening Process T.J. McLaughlin Bovay Nortwest/Group
Technoiogy Selecton T.J. MclLaughiin Bovay Northwest/Group
Technoiogy Raniing T.J. McLaughlin Bovay Northwest/Group
Meenng Adiourned :
Session I

Announcements/ Handouts C.L. Edison Bovay Northwest
Expert Opinions Technical Experts
Expert Opinions (con’t) Technical Experts
Public Participarion Process J.G. Burk, Jr. Westinghouse. Hantord
Meeting Summary S.J. Phillips Westinghouse Hanford/

T.J. McLaughlin Bovay Northwest
Meedng Questionnaire C.L. Edison Bovay Northwest
Workshop Adjourned
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1.5 ORGANIZATION OF THE REPORT

The remainder of the report is organized as follows. Secton 2.0 briefly describes the DOE-UST
Program. Secton 3.0 summarizes and describes DOE USTs at Fernald, Hanford, Savannah
River. Oak Ridge, and Idano Nationai Engineering Laboratory. Section 4.0 provides summary
informadon on the 241-C-106 UST. Secton 3.0 idendiies barrier technoiogies discussed at the
workshop. Section 6.0 identfies cziteria imporwnt in the seiection of barrier technoiogies.
Secton 7.0 describes technoiogies wiich were “screened” against the seiection criteria. Pmmlv
Secdon 8.0 provides recommendations and conclusions.

Also inciuded in this report are severai appendices. Appendix A contains a list of workshop

attendees. Appendix B more fully describes the backgrounds of the workshop technical experts.
Appendix C provides detaiied informaton regarding barrier technoiogies.
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.0 E- D

This section describes the DOE UST-ID program, its goals, beneficiaries, and a brief summary
of the DOE wastes currently being stored in underground tanks. -

The DOE designed the UST-ID program to demonstrate technologies for the retrieval, treatment,
and closure of DOE USTs and tank waste. Preferably, these technologies should aiready be

developed and should oniy need slight modifications for usage within DOE waste management
systems.

There are five participating DOE sites in the UST-ID program, as coordinated by Westinghouse
Hanford Company:

° Idaho National Engineering Lab (INEL), Idaho Falls. Idaho

o Fernaid. Ohio

o Oak Ridge, Tennessee

o Savannah River. South Caroiina

. Richiand. Washington (Hanford).
There are five peneficiary categories which can receive assismance for demonstrated technologies.
These are. in descending order of importance:

1. Five partcipatng sites

2. Other DOE sites

3. Other Federai agency’s sites
4. Commerciai sites
5. Technology transfer to private sector

- More than 250 large USTs have been built to store radicactive waste produced from over 435
years of government nuclear fuels production. This waste contains both high and low level,
transuranic. and hazardous wastes and is therefore sometimes referred to as "mixed" wastes.

In some cases. waste has leaked from DOE USTs and has contaminated the surrounding soil and
groundwater. :
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The USTs at the 3 sites have capacites ranging from 300 to 2,000,000 gallons. Construction
materials inciude stainiess steel, carbon steel, and concrete. Most of the tanks were constructed
with a concrete support with either one or two carbon steel liners for waste containment. Some
of the tanks are supported with carbon or stainiess steei and were then piaced in concrete vaults
for ieak conwinment and radiaton shielding.

The waste stored in the USTs has ive generai forms:

. Salt cake
] Sludge
. Slurry
. Calcine
J Liquids (supernatant).

Sait cake is formed from the evaporation or the liquid porton of the waste for waste voiume
reducuon: the chemicai consdtuents are very simiiar to the iiquid waste. containing mainiy
aitrate and nimite saits.  Sludge conwins mainiy insoiubie precipirated metal oxides and
avdroxides from the neutraiization of the process waste. Slurry waste is a mixture of sludge and
liguid waste that has a composition near the soiubility iimit of the chemicai components. Caicine
consists of liquid waste that has been solidified for long-term storage (this waste type is unique
0 the Idaho Fails site and in verv smail quanddes). Liquid. or as it is commoniy cailed
“supernatant”. -waste is the product of the neutraiized process waste. Idaho Falls liquid waste
is not neuwaiized and stays acidic Ior storage.

The maior contaminates at the rfive partcipatng sites inciude a iarge quantity of nitrate and
fitrite saits and smailer quanutes of other sodium saits. The wastes aiso contains severai metai
oxides and hydroxides. especiaily iron and aiuminum hvdroxide. There are aiso quantties of
mercury. lead. nickel. and some organic compounds mixed within the various waste forms. The
major radionuciides inciude the fission proaucts cesium-137 and scontum-90 and their decay
Jrogucts. such as technedum and iodine. The waste aiso conwmins smail quanttes of
Tansuranics. mainly uranium and piutonium 1SOtopes.




3.0 E- D Y

This section briefly describes the USTs at the five DOE sites participating in the DOE UST
program.

3.1 IDAHO FALLS USTs

The maiority of USTs at the INEL (or Idaho Falls) are managed by the chemical processing
contractor, Westingiiouse Idaho Nuciear Company for the Department of Energy. It runs the
Idaho Chemical Processing Plant (ICPP) and the INEL. The major mission of ICPP is the
reprocessing of spent nuciear fuels for reuse. The liquid high level waste produced by this
process is temporarily stored in large USTs and is evenmally solidified by calcining the waste
for permanent storage.

The ICPP liquid waste is temporarily stored in 11 stainless steel tanks. The tanks each have
300.000 gal operating capacides and are located within concrete vaults for ieak containment and

radiagon shielding. They were piaceqd into service between 1953 and 1966. There are three
different tank and vauit designs:

Iank Designs : Vauit Designs
Cast-in-place Individual octagonal
Precast concrete components Pillar and panel
Cast-in-piace concrete wails Partitioned square

and precast T-beam roof

Eignt of the 11 tanks have cooling coiis on the inner walls and floor. None of the tanks meet
current underground tank regulations.

The ICPP process waste is not neutralized. and as such remains in a purely liquid form. The
waste is highly acidic; hence the need for the sminless steel tanks. The waste is allowed to
buiidup in the tanks undl they are full. When time allows, the waste is then pumped from the
tanks to be solidified in a caicination process for permanent storage. After pumping is compiete.
a 10 to 12 in. heei remains in the ranks that can not be removed. There is a possibly of a smail
sludge layer in the bottom of the tanks from repeated filling and emptying.

3.2 FERNALD USTs

The USTs at the DOE Fernaid site are primarily managed by the Westinghouse Environmental
Management Company for the DOE. Fernaid’s original mission was the refinement of uranium
ore from various locatons around the worid. mainly from the Belgian Congo, South Africa. and
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Australia. Part of the waste generated in this process was sent to three of four storage silo’s for
long-term storage. The fourth silo was a spare and was never used. These silos have capacities
of approximately 2 MG and are arranged in two groups of two silos each. They are bermed
with earth to reduce the radon flux o the surface. The silos were constructed with reinforced

concrete. and have a 80 ft diameter and 26 ft outer wail height. The dome is 10 ft higher then
 the side wails at the center of the wnk.

Silos 1 and 2 conmin a raffinate sludge from the processing of "K-65" Belgian Congo
pitchblende uranium ores. These siios are equipped with drain siots on the interior walls to
drain away the interstitial liquid to a sump tank for voiume minimization. A 2- to 3-ft bentonite
layer has been added on top of the siudge to retard the radon gas emissions from the waste.

Silo 3 contains coid metal oxides in the form of a dry powder. This is from dried raffinare
wastes from ore concentrates. Silo 4 was puiit idenacai to Silo 3 but has never been used.

The major chemical contaminates in the silo waste are arsenic. barium. chromium. lead. and
seienium. The major radionuciide constituents are thorium. radium. and uranium.

3.3 OAK RIDGE USTs

The Oak Ridge site has had two primary mssions since its concepton during Worid War II.
The rirst was pioneering the fieid of uramum enrichment on a iarge scaie. The second was
research and deveiopment in reiated nuciear fieids through the Oak Ridge National Laboratory.
Over the vears iarge quantues of exiremeiy compiex mixed wastes were generated and stored
‘n severai USTs. Thirty-three or these iow ievei liquid waste (LLLW) tanks are still considered
scuve. There are aiso 51 inacuve LW wanks that need 10 be remediated and closed.

The 33 acave LLLW tanks are perween 20 and 30 vears of age. There are various tank designs.
mainiy using a stainiess steei tank housed within underground concrete vauits. Twenty-five of
the tanks have capacides ranging from 300 to i15.000 gai. The remaining 8 tanks have 50.000
gai capacides and are located in the Meiton Valley area. There are approximately 360.000 gai
of liguid and 115.000 gai or siudge waste stored in the tanks. It is estimated that they conwin
30.000 Ci of radioacuve waste.

The 31 inacave LLLW tanks are aii greater then 30 vears of age. As with the active tanks.
there are various tank designs using swiniess stesi. carbon steel. and gunite construction. The
tank capacides range from i.000 to i170.000 gai. There are approximateiy 290.000 gai of liquid
and 39.000 gal of siudge stored in these tanks. aithough 99% of the waste is in 13 tanks.
Approximateily 36.000 Ci of radioacdve waste is in the tanks.
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3.4 SAVANNAH RIVER USTs

The USTs at the Savannah River site are primarily managed by the Westinghouse Savannah
River Company for the DOE. The primary missions have been plutonium, tritium, and enriched
uranium production. More modern missions include nuclear naval fuels production and
piutonium-238 production for deep space power generation. Waste generated at the plutonium
recovery areas (F and H areas) were placed in USTs for storage until permanent disposal
methods are impiemented. The process waste was neutraiized and sent to USTs to allow the
insoluble components to settle into a siudge layer in the tank. The liquid layer on top of the
sludge was kept constant by pumping excess liquid out of the tank to evaporators. The pumped

hquxdwasreducedtoasaltmkeconccnmwmchwasremmedtosaltmkeholdmgUSTsfor
storage.

There are a total of 51 high level waste storage tanks in the F and H areas. Of these, 43 have

a double shell (DST) construction and 8 single shell (SST). There are four different tank
designs:

12 1 DST 750.000
4 2 DST 1,030,000
27 3 DST 1,300,000
8 4 SST 1,300,000

The Type 3 tanks are the most modem. and are to be increasingly used as the other tanks are
phased out. The tanks are constructed with a concrete structure with carbon steel liners. The
DSTs have muiltiple coiling coils suspended from the tank ceilings. Savannah River has aiso
empded and cieaned one of their Type 2 tanks and is currently deciding how to decommission
the w@nk for ciosure.

Savannah River has approximately 32.4 MG of waste. Of this, there are 14 MG of liquid. 14.7
MG of sait cake. and 3.7 MG of sludge. The principal radionuclides consist of strontium-90,
cesium-137, and plutonium-239. The chemical composition of the siudge is mainiy iron,
manganese. aluminum. and mercury oxides. Liquid and sait cake wastes conmain sodium and
potassium salts of nitrate. nitride. carponate. sulfate, aluminate, and hydroxide.

3.5, 'HANFORD USTs

The majority of USTs on Hanford Site are managed by Westinghouse Hanford Company. Other
prime contractors at Hanford with USTs include Battelle Pacific Northwest Laboratories and
Kaiser Engineers Hanford. The primary mission of this site was the production and purification
of weapons grade plutonium. This was done by irradiating uranium in nine production reactors
along the Columbia River. The irradiated fuel was then sent to the 200 Areas where the
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chemical recovery processes are located. Waste generated at these process piants was
neutralized and then sent to USTs for storage. Hanford has 177 of these large USTs. Of these.
149 of the tanks are SSTs and 28 are the more modern DSTs.

3.5.1 Process History

There have been six different chemical process in the 200 Areas that have contributed to the
UST tank wastes. The first was the bismuth phosphate process (BiPO,) used from 1944 to 1956.
It was used to recover piutonium oniy, using a carrier-precipitation process. This process was
used in the T and B piants in the 200 West and East Areas respecttully. At the start of
operations for this process. over 17,000 gal of waste was generated for every ton of uranium

processed. This was reduced over the vears to over 5.000 gai by various waste minimization
techniques.

The reductdon and oxidation process (REDOX) was the second generaton plutonium recovery
process. It also recovered and separated uranium so it couid be reprocessed for further
plutonium producton. This process was in operaton from 1951 to 1967 in the S plant in the
200 West Area. This process used a soivent extraction techinique using nexone as the soivent.
At tirst this process generated over 4.400 gal or waste per ton of uranium processed. This was
reguced over tme to approximateiy €00 gai/ton uranium.

The wibutyi phospnate process (TBP) was used to recover the waste uranium generated in the
BiPQ, process in poth T and B piant. The U piant in the 200 West Area was used for this
process. The U piant was originaily ouiit as a BiPO, piant but was never used as such. This
orocess was used from 1952 to i958. It used a soivent extracton process with tributyi
ohospnate. which was used later in the piutonium uranium exmacdon (PUREX) process.

Sodium rerrocyanide was added to severai of the BiPO, waste tanks to precipitate the soiuble
cesium-i37 so the liquid portion of the waste couid be disposed in ground cribs. Ferrocyanide
was added to waste tanks themseives and as part ot the TBP process at the U piant.

The PUREX is the third generation in piutonium recovery process and was used from 1955 to
1989 in the A processing piant in the 200 East Area. It used a soivent exrraction process with
Tibutyi phospiate o recover piutoruum and uranium. Both were iater separated for individuai
puniricaton. Waste voiumes ror PUREX were approximatety 400 gai/ton or uranium processed.

The rinai process was a modification to the oid BiPO, process buiiding (B Plant) to separate
strondum-90 and cesium-137 from UST waste to reauce the heat generation and radioacuve
content. This process was used from 1963 to 1976.
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3.5.2 Tank Descriptions

There are 18 tank farms at Hanford containing 2 to 18 USTs each. Tweive of the tank farms
contain SSTs and six contain DSTs. These tanks were constructed using concrete as the base
support with one or two carbon steel liners for leak prevention.

The original four SST farms were buiit from 1943 to 1944 (B, C, T, and U). Each contain
tweive 530,000-gal tanks and four 55,000-gal tanks. The BX Tank farm was built from 1946
to 1947 and conwained twelve 530,000-gal SSTs but no 55,000-gal SSTs. Between 1947 and
1951 four more SST farms were built (BY, TY, TX, and S). These each had 758,000 gal
capacities. From 1953 and 1964, three IOOOOOOgaISSTfarmswmbuﬂt. 'l'hsewex'ethe
last SST's built and no waste has been added to the SSTs since 1980.

The 28 DSTs were built between 1968 and 1986 in 6 tank farms. They mark a major design
change from the SSTs with the addidon of a second, heat-stressed, carbon steel liner for
additional leak preventon capabilides. All of the DSTs have approximately 1,000,000 gai
operating capacities.

Table 3-1 show a summary of all the USTs at Hanford. Figure 3-1 shows the dimensions and
different construction designs for the five Hanford tank types.

Tabie 3-1. HANFORD USTSs.

16 55.000 SST
60 533.000 SST
48 758.000 SST
25 1,000.000 SST

28 1.000.000 DST
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Figure 3-1. CONFIGURATICN OF HANFORD HIGH LEVEL WASTE TANKS.
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3.5.3 Hanford Tank Priorities

There are four high priority tank categories that pose the greatest danger to peopie and the
environment:

. Tanks containing potentiaily expiosive ferrocyanide (> 1,000 gmoles)

Tanks that produce potentially flammable mixtures of gases, especiaily hydrogen
gas

Tanks containing iarge amounts of organic saits that may be either highly reactive
and/or flammable (> 10% TOC)

Tanks that contain waste that generate extreme amounts of heat from nuclear
decay (>40.000 Btwhr).

The ferrocyanide was added to the tank waste t0 precipitate cesium-137 from the liquid waste.
Ferrocyanide is potentially expiosive at temperatures above 300°F. There are 24 SSTs that are
estumated to contain greater then 1.000 gmoies of ferrocvanide.

Five of the DSTs and 18 of the SSTs contin waste that produces mixtures of flammable gases,
especiaily nydrogen and nitric oxides. Tank 101-SY is the worst of these tanks, producing
periodic "burps™ or gas reieases that sometmes exceed the iower flammability level of hydrogen
gas. Itis theorized that the nydrogen is produced by the polymerization of organic compounds
in the waste by the nigh radiadon fieids within the tank.

Seven SSTs contain greater then i0% organic compounds within the waste. There is concem
that the waste crust couid ignite and bum.

Eleven SSTs contain waste that generates greater then 40.000 Btw/hr from the nuclear decay of
the fission products. Tank 241-C-106 is the worst, generating over 150,000 Btwhr or 100
Btw/hr/ton of waste. The other i0 tanks generate neat between 40 and 60,000 Btw/hr. Because
of this heat, water has 0 be added to two tanks (241-C-106 and 241-C-105) to prevent

overneating. If overheating occurred. the tank steel liner could fail releasing waste to the
surrounding soii.

19/
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3.5.4 Waste Descriptions

Hanford USTs contain approximateiy 60 MG of high level mixed waste. The following is a
break down of the different types.

. 19,060,000 gal of supernatant ( liquid)
e 14.380.000 gal of siudge

] 23.910,000 gai of sait cake

o 2,070,000 gai or douole-sheil slurry.

The iiquid and sait cake portion of iie waste contains primariiy nitrate znd nitrite saits. mainiy
sodium. The sludge and double-sheii siurry contains mainiy nydrated metal oxides and
phospnate precipitates. The waste aiso contains a numoer of radionuciices. especiaily strontium-
90. :echnetum-99. iodine-iZ9, cesium-137. and iransuranics.




4.0 241-C-106 TANK DESCRIPTION SUMMARY

This section summarizes the attributes and environment of the 241-C-106 tank.

4.1  241-C-106 TANK

Located in the 241-C tank farm in the 200 East Area of the Hanford Site, 241-C-106 tank (C-
106) is a 533,000 gal capacity singie-sheil, high-level waste storage tank. Constructed from
1941 to 1943. the tank consists of a 1/4-in. to 5/16-in. (top and bottom thicknesses, respectively)
carbon steel liner, enclosed in a 13-in. thick concrete shell (Figure 4-1). In 1971, C-106 was
piaced on a "high heat watch list” when measurements inside the tank were recorded in excess
of 210°F. At that time. C-106 and an adjoining tank (241-C-105) were designated inactive and
were placed on an active exhauster to facilitate heat removal. In addition, approximately 6,000
gals of raw water are added to the tank each month to remove heat from the tank through
avaporative cooling (Barnes, et al. 1991). The heat generation in the tank is due to the decay
of strontium in the waste sludge (158.000 Btu/hr estimated heat output). Without additions of
water. it is suspected that the heat generation would adversely effect the integrity of the tank.
Currenty, the tank is considered sound (e.g., not leaking) (Bamnes. et al. 1991). In September,

1991, the waste volumes inside the tank were estimated at 229,000 gais (197.000 gais sludge
and 32.000 gais liquid).

4.2  NEAR-FIELD ENVIRONMENT CHARACTERISTICS

Sediment stratigraphy is weil defined in the vicinity of 241-C Tank Farm based on sediment
sampies coilected during the cniling and instailaton of unsaturated zone monitoring and
groundwater monitoring welis (Price and Fecnt. 1976: Pearson. 1990). Unsaturated zone
monitoring weils (six around C-:06) were empiaced for leak detection monitoring of the
individual tanks. The unsaturated zone weils are 6-in. diameter. carbon steel cased wells with
open bottoms. with an average depth of 75 ft beiow land surface. Locations of these wells are
shown in Figure 4-2. Figure 4-3 shows the iocations of five groundwater monitoring wells
around 241-C Tank Farm. Well 299-E27-7 was driiled in 1982. and wells 299-E27-12, -13, -
14. -15 were drilled in 1989 as part of the SST RCRA Groundwater monitoring program
(Jensen, et al. 1989: Pearson. 1990). Unforwnately, sediment geotechnical data (e.g., density,

compaction. cementation) which may be integrai to the piacement of subsurface barrers, was
not coilected during the driiling or these weils.

/63
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Figure 4-2. LOCATION OF UNSATURATED ZONE MONITORING WELLS NEAR 241-C-106. .
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The sediment immediately surrounding the tanks (to approximately 40 ft below land surface) is
backfill material which was described by Price and Fecht, 1976 as "gravelly very coarse to
medium sand to slightly silty graveily very coarse to medium sand” (based on the Folk soil
classification scheme). The sediments underlying the tank farm are predominantly gravelly sand
(<30% gravel) to sand with minor jayers of sandy silt to sandy gravel. Detailed granulometric
“data from sediments collected dunng the drilling and installation of the 241-C Tank Farm
unsaturated zone monitoring wells can be found in Fecht and Price, 1977. At a depth of
approximately 240 ft below land surface the sediments coarsen predominately t0 a sandy gravel.

Based on driller’s logs from well 299-E27-7, depth to basalt beneath 241-C Tank Farm is
approximately 300 ft below land surtace.

The water table (uppermost unconfined aquifer) beneath the C-tank farm is 245 ft to 260 ft
beiow land surface, depending upon the elevation of the measuring point. Hydraulic information
of the unsaturated sediments underiying the C-Tank is very poor. Soil moisture in the upper
100 ft beneath C-Tank Farm (based on sampies coilected during the installation of the 1989
groundwater monitoring weils) ranges from 1.5% to 23.6% water (on a weight to weight basis).
Most measured moisture contents are within a range of 2% to 4%, however. Hydraulic
conductivity vaiues of sediments in the upper 100 ft below the tank farm have not been

measured: however. the values are estimated at 10 to 10 cm/sec. Porosity of the sediments is
sstimated at 10% to 30% (Graham et al. 1981).

/5'7. 20




5.0 IDENTIFIED BARRIER TECHNOLOGIES

This section describes the subsurface tarrier technoiogies discussed at the workshop. Additional

detail regarding the advantages. disadvantages. and technology description can be found in
Appendix C.

3.1 VERTICAL BARRIERS

A total of nine technologies were identified with potential application to 241-C-106 and are
shown beiow. ‘

Vertical Barriar Tachnoiogies

PR TETYY

.. Cemenr Slurry Wall (Figure 3-1)
i Desp Soii Mixing
]

T Qime 3leemesmnes
21 S0 M ITncalion

. Jet Crout Cumain :Figure 3-2)

. Groung Fresze Bartiers (Figure 3-3)
. Modisied Suifur Cament |
. Permeanon Crounngz (Figure 3-4)

. Poiymer Impregnated Concrete

° Shest Meraj Piling (Figure 3-3).
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5.2 HORIZONTAL BARRIERS :

A toual of five horizontal barriers with potential application to C-106 were identified during the
workshop process and are shown below:

Horizontal Barrier Technoiogies Identified

. In Siw Vitrification

. Ground Freeze Barriers (Figure 3-3)
. Jet Grout Curtain (Figure 3-2) —
o Modified Suifur Cement

. Permeation Grouting (Figuré 5-4).

n

.3 OTHER BARRIER TECHNOLOGIES

Three barrier technoiogies that did not fit aione as a vertcal or horizontai barrier were identified
Zor cotentiai appiication to C-106. These encapsuiation parrier technoliogies are listed beiow:

Enczpsuiation nnoiogies Identitied

. Induced Ligqueraciion
. Grout Enczpsuiation (Figurs 3-6)
. Maczo Cryvogenics.

Four other misceilaneous technoiogies were ziso identified and are shown beiow:

Misceilanegus Tach=pigeies identitied

. Long Wail Mining
. Sequestening Agents
] Wicks.

ne .
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5.4 PREVIOUSLY DISCUSSED TECHNOLOGIES WITH DIFFERENT
APPLICATIONS

During the brainstorming portion of the workshop, several previously addressed barrier

technologies were discussed but with different appiications. These appiications are discussed
beiow.

Severai in situ barrier technoiogies couid de used in or near the tank. Vacuum grouting, for
exampie. couid be used to appiy a iayer of grout on the outside of the C-106 tank. This wouid
require a vacuum be appiied to the tank wail coupied with the injection of grouts adjacent to the
tank wall. This technoiogy was quickly discounted due to the possibility of breacnmg the tank
and prererential pathways that mignt be taken in the event of a ieak.

Polymer Impregnated Concrete (PIC) penetration between the steel liner and the reinforced
concrere was also discussed. This barrier technoiogy method was discounted due to the

difficuity in accessing the annuius. e smail annuius space. and the need to penetrate the tank
dome in many piaces.

Coring the reinforced concrete foliowed by injection Of concretes. grouts. or cryogenic materiai
was aiso discussed. These darrier options were discounted due to the need to bore into the @ank
walis iTom the 10D which couid rasuit in the possibie ioss of containment.

Deiiberately providing a2 "~indow ' in the sudbsuriace darrier followed by coilection and treatment
of lgached wastes was discussed Sut not pursued since it would require active and condnuous
controis and environmentzi monitonng

The insuilation of cooiing/rreeze caiis adiacent 0 C-106 was aiso discussed. primariiy as a

seconaary containment dasmier. Us@ Of ir2eze coils adiacent to the tank was dropped due fo the

~eed Jor excavaton arounc e '.2.::.\' Wails wilch couid resuit in radiation occupational exposures.

Thre use oI cryogenic materiais in conjuncuon with another barrier seems (0 De the best option
since another parrier could keep waier ia hie soil to accompiish freezing.

Hydrauiic fractuning and injecting it a manner simiiar to the method used by the petrochemical

industry o enhance oii zad gas procucton was aiso discussed. However. this method was
discounted since iirtle coniroi is possidie.

Long wail mining. simiiar 10 the tecnnoiogy used to mine coal seams. was aiso discussed. This
echnology may not De cesiravie fer :.:mecaaon 10 C-106 since it wouid require muitiple shatts.

SXDOsE personnei 10 radicactive matenais Jor .0'12 pﬂl’!OQS of time. and create subsidence.

/6 &




7.0 SCREENED AND COUPLED TECHNOLOGIES

Based upon the screening and selecton criteria discussed in Section 6.0, vertical, horizontal, and
other barrier technologies were rated as to potential applicability as a barrier around C-106.
Table 7-1 identifies the ratings for ail screened vertical barrier technologies.

Table 7-1. RATING OF VERTICAL BARRIER TECHNOLOGIES FOR POTENTIAL APPLICATION
TO 241-C-106.

Barzier Technoiogy Rating
Cement Slurry Wall _ Hign
Deep Soil Mixing Medium
In Situ Vitrificatdon Low
Tet Grouted Curtain High
Ground Freeze Barriers Medium
Modified Suifur Cemen Medium
Permeation Grouting High
Polymer Impregnated Concrese Low
Sheet Me:2i Piiing Hign

/67 13




Table 7-2 presents the ratings of ail screened horizontal barrier technologies with potential -
application to the C-106 tank.

Table 7-2-. RATING OF HORIZONTAL BARRIER' TECHNOLOGIES
FOR POTENTIAL APPLICATION TO 241-C-106.

Horj ier Technolog Rating
In Situ Vitrification Low
Ground Freeze Barriers Medium
Jet Grouted Curtain High
Modified Sulfur Cement Medium
Permeation Grouting High

Table 7-3 rates those technologies that did not {it as stand-alone vertical or horizontal barriers.

Table 7-3. RATING OF OTHER BARRIER TECHNOLOGIES FOR POTENTIAL APPLICATION
TO 241-C-106.

Encapsuiation Rating
Fracturing : Low
Induced Liquefaction' Medium
Grout Encapsulation Medium
Long Wall Mining Low
Macro Cryogenics Low
Sequestering Agents Low
Wicks Low

/68
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Through this analysis. it is possible to coupie those "high" rated vertical and horizontal
technologies for potential appiication rfor installation around the C-106 tank. Four vertical and
two horizontal barriers fall into this category as shown by for a total of eight pairings Table 7-4.
Two barrier technologies (jet curain grouting and in situ polymer permeation grout) have
potentai appiication both horizontaily and verticaily.

Table 7-3. COUPLED TECHNOLOGIES WITH HIGH RATINGS FOR POTENTIAL APPLICATION

TO 241-C-106.
Verrical Horizontal
Permeation Grouting coupled with Jet Grout Curtain
Permeation Grouting coupied with Permeation Grouting
Cement Slurry Wail coupied with Jet Grout Curtain
Cement Slurry Waii coupied with Permeation Grouting
Sheer Metai Piling coupied with Jet Grout Curtain
Sheet Metzi Piling coupied with Permeation Grouting
Jet Grout Curmain coupied with Jet Grout Curtain
Jet Grout Curmain coupied wiih Permeation Grouting
(67 35




8.0 _CONCLUSIONS AND RECOMMENDATIONS

This section discusses the conclusions and recommendations reached by the workshop.

8.1 WORKSHOP OBJECTIVES

The DOE UST-ID Subsurface Barrisrs Worikshop objectives were met in that confinement
technojogies were idendfied. screened for appiication to the C-106 tank. and two selected for
further study. In addition to these mesting objecaves. the workshop accomplished the following:

. Presented a proven set of technojogies.
. Presented t2chnoiogies that wiil have appiication to other DOE USTs.
. Gained knowiedge :Zrcugh bacikground informaton on the USTs at INEL.

Hanrord. Femaid. Ozak Ridge. znd Savannah River.
. Zrovided summary izformauocn about e in-tank and near-rield environment

associated with the C-:06 &nk.

;.2 DATA NEEDS

‘Pricr 0 e final seleczon Of a sulsurace barmier technoiogy for appiicadon near the C-106
TST. tasic cata siouid e obtaineg cegarding the foilowing:

o &

. Expected samperzrures n the Carrier empiacement zone (currentiy estimated as
.3QYF or fowern)

Derinitive soils infermauion (new porefoies may obe in oraer

. More definitive information ragarding Suried obstacies (perhaps surrace
geopnysicai survevs) ‘

. Contaminauon ieve:s 1 soil.
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8.3 CONCLUSIONS

The roilowing

conciusions are presented as an integrai porton of the DOE UST-ID Subsuriace

Barmers ‘WOrksiicp:

Crvogenic systems may ot Se sultabie as & primary or singie barrier system for
-106 for ~~0 reasens: |} SCil must De saturated prior o ireezing; chis may not
<2 cossidie i Hanforc's insaturated soiis cniess a system :s devised to hoid the
water i place r w0 freezing and 1) should a leak occur from the tank.
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8.4 RECOMMENDATIONS
Recommendations presented at the workshop inciude the following:

. A subsurface barrier system shouid be instailed in situ around the 241-C-106 UST
zs ciose as possibie o the tank without unnecessarily stressing the tank itseif.
This wiil minimize the cuantity or soil that will be conaminated shouid the tank
ieak. As a resuit, the rzsearch and deveiopment program shouid focus on near-
ank barrier technoiogres.

. Most horizontai and some verticai barrier technoiogies wiil require the instaiiation
of piping Jor injection. permeaton, andior distribution of barrier materiais.
Verticai sysiems shouid have overiapping "cylinders” of materiai: horizontai
systems shouid have oipe systems chat praferabiy have 2 to 3 it spacings.

. Sarmier sysiems (in farncuiar horizontai) being appiled o critcai radioacuve
2nvironments siouid be cuplicatec. e.2. a grout barrier backed up by a crvogenics
system 0 Trovide rsdéuncant continment.

. Sarmier svsiams shouid inciude mechanisms to inject barrier materiai in muitipie
shases. Such systems wiil prevent windows itom forming if barrier materiais
siump dumng e cumng process.

. Cne tacnnoiogy. ITCul encapsuialion. may oe viadle but is firmiy dependent on
amplzcement tacnnoiogies. Once directional drilling technoiogies are in piace ana
221 e used in Gnk Jzrm conrigurations (i.2. tight spaces). this technoiogy shouid
-2 camonstrzied on 2 .2rge scaje.

. Sased upon & oreiiminary screening, the rfoilowing two coupied technoiogies

e —er o Sarmn GEEPS EE R R
valtent S

Tommer large sczis camonstraton oy Westinghouse Hanford Company for
cotennai asoiicanon © n2 C-106 w@nk: vertical meral sheer piiing coupied with
21ther = honzontai (2! ITOUC Surtan Or in silu permeation grout: and a verucai
and horizenmi grout cumz:n instziled via either grout or in situ permeation.
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