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On February 25-27,1992 Bovay Nonhwcs, Inc. conducrtd a worfcrfiop in Tucson, Aripona on 
interim subsurface bani= teCtinoio@rs that couid be used around un- storagc tanks 
(UST), spcciiically the 241-C-106 tank at the W o r d  Site in Washington State. The workshop 
addressed the in situ treatment of geoiogic media for interim coniinement of waas in 
underground storage tank systesns. The tecfsnoiogb wiil be screened and then be tested in the 
fieid in a full scaie demonmation and devciqmenr project. 

This mort documents the infonnarion presented in the workshop, induding advantage3 and 
disaiivakges of all the technology and treatment options and recammendatioas for further 
engineering ana deveiqrncnt. Some of the information in this rtpon was pnrvidcd by tecbbil 
exoercs during their review of drait versions. A list of workshop anendew can be f d  in 
A b d i x  A. 

1.1 SCOPE AiYD OBdKTIVE OF TEE WORICSHOP 

The objective oi the U.S. Depamntnt oi &erg (DOE) UST workshop on "Xntuim Subsraia# 
Barns Technoiogies:' was to iaentify a host of candidare technologics and to seicu two of those 
tecimoiogis for ptentiai appkation to the 241-C-106 UST at the €Wid Site. Although the 
focus oi the workshup was to discuss oarrier tecitnoiogies that could con& the 241-C-106 tank. 
cleariy the tecnnoiogk prcscnW may nave appiication to additional DOE USTs at Haniord and 
other DOE sites. Moreover. the tetiznoiogies may also have appiidon to commcrciai and 
inausrnai serdngs. 

Tne scope o i  the workshop inciuam aii subsuriace b a n k  r&oio@es that couid be i n s a k i  
arouna an UST or series oi USTs. The scop aid not inciude in-mnk treatment. 

'Ihe foilowing generai gxiaeihes we& used in the planning of this techoiogy devtiopmcnt 
workshop: 

0 

0 

0 

e 

Tzchnoiogies. processes. zna systems proven by application to similar situations 
(e.g. non-raaioacuve naustnail shouid be pursued first to save time. Therekc. 
anaiogous simrions 'JI wnicn tec:hnoiogies have been agiied and systems *g 
:ec.boio@es aeveiopea dsewnere snouid be investim. 

A s  a leader in the DOE'S environrnenal restoration program. tecbnoiog 
demonsnations snouia prcxeei on acNaj waste problems as soon as feasibfe- 

The engineered systems and D ~ ~ S O M C A  avaiiabie on-sire and within the DOE 
I=ornuiex shouid be taken aavanrage of to reilne techoiogies deveioped by 
inausay, nanond laboratones. u 'versifies. and others. 

Safery is uaramount in the develoummt and use of technninuim on sirnulamri or 
& 
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1.2 PURPOSE AryD SCOPE OF THE REPORT 

The purpose of tbis rcpon is to document informatlo * n and ideas prcsamd at the DOE lrtcrim 
SubsuriaCe B a n k  Techoiogy Worfcrhop, inciuding the idcntificarion of two tedmoiogics that 
shouid be investigaoed further for possible installation ' aroundth~241-C-l06tanL_ 

The scop~ of this documant inciudes those subsuriace banaicn thatcoutd.beemphcuiin Siat 
near the 24l-C-lO6 tank. It is e k i y  ncogmztd howam, that the barrins discus& in this 
document may trave application to other USTs in the DOE m m p k  The scope incfuded any 
technoiogies that could be tmpiacsd vertically, horizontally, or as a rnonoiithic enrarrcnl?ltian, 

The scope oithis docunrfflt does not include empiacem~~tecbnoiogies (although they ah brieily 
discussed). In addition. the scape d a s  not inciude cover barriers or caps. 

w e n  reviewed ami ScfecZLcd down to 6. These experrs wae X t o r a l o i 3 0 e x p c n ~  
invited to arrmri the woricrirop. Sei#.rclon c x i h  were based upon the following priorhizai 
paramem: 

.. 

e Working h o w i a e  ana expcricnct with subsuriacc barrier systcm~ 

Xppiicability of known barrier systems and marmiah to DOE USTs 

0 w*peSs to prepanmu present materials 

Availability ana inrertst 

e Rates. 

X syn-sis of the background of ail tecmicai expens can be found in Appendix B. 



1.1 WORI(SH0P PROCESS 

The meeting agenda for the workshop is shown in Table 1-1. The wurkshq pnxxs3 is &own 
below: 

e Problem identificarion 

e Expert testimony 

e Seiesion criteria identiilcaion 

e Expen opinions 

e Selection proctss. 
.. . . The initial step in the workshop process was to i n d u c e  the problem in detail by hmdxamq 

the uanicipan~~ with the scope or' the prooiem. Presmaions were made on the UST-htegmtcd 
Demonstration (ID) Program, backgcma information on DOE USTs, and the 241-106-C UST. 
Background iniOrmaron was provided to the experts prior to attending the warkshap. 
exyen was asked to provide a 45-minute presentation regarding applicable barrier technologies. 

* 

B& upon exprrise irom DOE ana connacror personnei. the third step in the prcxcss was to 
iden- seiecrion criteria. This s q  inciuded identiiication and discussion of criterh that muid 
efirmnate the possioie of use of some xc."moioc$es for barrier qqiication to the 2414-106 tank. 

~pormniry  was then provided for h e  expem to once again present their opinions and ideas 
re-&miing potentiai solutions to the prooiem aiter consideranon oi mitigating concerns.  his stcp 
proved to 'be exuemeiy useiut in the seieczon process thar followed. Finaiiy, i n f o d s e i c c h i  
was ini- to mine ana scretll ail fzcnnoiogies based upon selection criteria and options 
presenred. 

The mecimucs or' the workshq procas were geared towards an easy ana free e x c h g ~  oi 
ideas. As such. the workshop aftenaance was keqt smatl and all aaendecs were encourigCd to 
participate via questions ana comments. The facilirator purpose& pianned e~rra time for 
frequent intercnanges. Woricshop secrmries noted ana recoxtied inionnation p m  via 
slides. ovemeads. rlipcham. ma q e  remmer. 

Each attendee was provided With a workshou notebook. As rmerd  was Dnsented. al l  attendm 
were provided  wid^ hara copies for piacement in the book. 



Regisnation 
Faciiity I n f o d o n  
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T.J. McLaugM 

C.L. Edison 
Techniml Expcrts 

J.G. Burk Jr. 
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1.5 ORGASIZATXON OF THE REPORT 

The rernaincicr of the rqxm is organizd as follows. S&on 2.0 bricfiy describes the DOE-- 
Propm.  Section 3.0 summarizes and describes DOE USTs at Fentatd, Emford, Savannah 
River. Oak Ridge, and Idaho Nationai €i&eering Laboratory. S&n 4.0 provides summary 
iniormaaon on the 241-C-io6 UST. Section 5.0 identiiies oarricr technoiogh dkmssai at the 
workshop. Section 6.0 iaerrriiies criteria i m p m t  in the W o n  of barrier techoiogks. 
Section 7.0 d d o e s  techoiogies ween were ''screened" aPainSf the seiecrion critcda Finaily, 
Section 8.0 proviaes recommendations and conciusions. 

.Us0 inciuded in this v n  are severai appendices. Appaxiix A conmius a iist of worirsi~e 
amaees. .\ppenciix 3 more M y  aescri'oes the b a c ~ u n d s  of the workshop tecixsicai expens. 
Xgexi ix C proviaes ae?aiied information r e w g  barrier techoiogies. 



1.5 O R G A ~ ~ O N  OF THE REPORT 

The rcmainck or'the repon is oqanized as t'oilows. Section 2.0 briefly descrit>es the D 0 E - m  
Program. Section 3.0 summarizgs and describes DOE USTs at Fcmaid, Hanfrd, Sa- 
River. Oak Ridge, and Idaho Nationai &@neering Labomory. Section 4.0 pmdes summary 
inionnation on the 241-C-106 UST. Section 5.0 idenfiiies barrier technoiogies discussed at the 
workshop. Section 6.0 i d a t i l k  criteria important in the seiecrion of barrier uxhuoioeics. 
Section 7.0 describes techoiogies wEcn were "screened" @st the s e i d o n  cxkxia. FAY. 
Section 8.0 proviaes recommenciations and conciusions. 

Also inciuded in this report an! severai appendices. .4ppcndix A contains a list of workshop 
attendees. Appendix B more M l y  de~cri'oe~ the o a c ~ u n d s  of the warksitop testmid expats. 
. ~ g e d i x  C proviaes tie- i n f o d o n  regaraing barrier technoiogies. 

3 



2.0 DOGUSTINTEGRATED DEMO-ON PROGRAM 

*andab&fsummary This section describes the DOE US-ID program, its goais, bareficraats 
of the DOE wastcs currmly bdng stortd in undefgzound tanks. 

The DOE desqncd the UST-ID program to demonsaate ~ o i o g k s  for the retrieVai, ttcamcnt. 
and closure of DOE USTs and tank waste. Prehably, these tahoio@a shoald alrtady be 
developed and should oniy need slight rnodificaridns for psagc wit&in DOE waste -t 
systems.. 

' g DOE sites in the UST-ID a~ by Westin- There arc five pamcrpaan 
Haniard company: 

. .  

. .  

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

e F d d .  Ohio 

e Oak Ridge, Tennessee 

e Savannah River. South C a r o b  

e Richha. Washingon (Xanforci). 

There are five btntilciary categories which can receive assisQnce for demonsttat& technoiogks. 
These are. in descending omer of importance: 

1. Five uarricipating sites 

2. Other DOE sites I 
3. Other Fdexai agency's'sites 

4. Commerciai sites 

5 .  Technoiogy transier to private sector 

More than 250 large USTs have been built to store radioactive waste p r o d u c e d  from mer 45 
years of govcmmcnt nuciear fuels production. This waste contains both tugh and low i d ,  
muranic. and hazarcious wastes ana is therefore sometimes rekrcd to as " m i d "  wastrr. 

groundwater. 

I 

In some cases. waste has leaiced from DOE USTs and has con- the s- - gsoiland 

/ 43 6 
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The USTs at the 5 sites have Capacities ranging from 500 to 2,OOO,OOO gallons. C o d o n  
muexids inciude stainiess sed, carbon SUA, anti concrete. Most of the tanks were txmmmcd 
with a conchtt support with eirher one or two carbon s t e d  hers for wasfe containment. Some 
oi the mks are suppored with carbon or stainiess SUA ana were then uiaced in concrcte vaults 
for ieak containment ana radiation shieiding. 

The waste sfored in the USTs has 5ve generai forms: 

e salt cake 

e Sludge 

e Slurry 

e Calcine 

Sait cake is fomm irom the evapztion oi the iiauia ponion of the waste for waste voiume 
:educuon: the cnemicai constituents are very simiiar to the iiauia waste. containiq mainiv 
aim ana n i m ~  sairs. Sludge c o n e s  mainiy insoiuoie prezi?imeci metai oxities ana 
hyaroxiaes h r n  rhe ntuaaiimrion o i  the process wasre. Slurry waste is a mixture oi sludge ana 
liauia waste thar has a compostion near the soiubiiiry iimit o i  the cnexnicai compontnrs. Calcine 
conmu of liauia waste that has bem soiidiiied for long-term storage ithis waste type is unique 
io &e Idaho Fails site ana in very smail auanuuesi. Liquid. or as it is commoniy cailed 
"supernamt". *.vase is the product oi the neunaiized procws waste. idaho FaUs liquid waste 
is not neuuaiizea ana stays acidic for storage. 

The major contamina= at the rive p.niciuating sites inciucie a large auanav oi niuate ana 
nitrite saits ana smaiier auanrxnes oi other sociium saits. Tne wastes ais0 contains sewed merai 
oxiaes ana hydroxides. 2specraily iron ana aiurmnurn nyaroxicie. There are ais0 quanuties or' 
mercury. lead, nickei. ana some organic compounas mixed witfiin the vanous wase forms. The 
major raciionuciiaes inciuae the h i o n  proaucts cesium-137 ana strontium-30 and their decay 
?roducrs. such as tec.inetium ana iodine. Lne waste ais0 c o n m s  smaii quanuus oi  
zansuxanics. mainiy uranium ana piutomum isotopes. 

TI 
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3.0 DOGCST DESCRIPTION SUMMAR Y 

This SectiOn brieilany describes the USTs at the five DOE sites participating in the DOE UST 
Program. 

3.1 IDAH0FALUL.s  

The majority of USTs at the INEL (or Idaho Falls) are managed by the chcmkai proassing 
conaactor, Westinghouse Idaho Nuciear Company for the Deparcmtnt of Energy. It runs the 
Idaho Chemical proctssn . g Plant (ICPP) and the INEL. me @or missi0n of ICPP is the 
r e p c e s h g  of spent nuclear fu& for reuse. The liquid high lwei wastc produced by this 
process is tempmanly stored in large USTs and is eventually solidified by calcbing the waste 
for permanent storage. 

The ICPP liauid waste is tempoldnly stored in il stainless steei tanks. The tanks each have 

W o n  shielding. They were placed into service between 1953 and 1966. Thcre are thret 
diffemt tank ana vault designs: 

300.000 gai optrating capaciries andare iocared withinconcmevaults forieakconcainmemand 

Vault Designs 

cast-in-piact Individual octqmai 
Prtcast cuncme components 
Cast-in-plact concrete waiis Partinonut square 

Pillar and panel 

=ti D m  T-beam mi 

Eight of the 11 tanks have coohg  coiis on the inner walls and floor. None of the tanks meet 
C I I I X ~ ~ K  underground tank reguhons. 

The Imp proctss waste is not neuaalized. and as such remains in a purcfy Muid form. The 
waste is highty aciriiC; hence the need for the stainiesS s e d  tanks. The waste is albwai to 
buildup in the mnks untit they are full. When time allows, the waste is thax pumped frwn the 
tanks to be solidified in a caicinarion uroctss for permauent storage. After pumping is compiae. 
a 10 to 12h. heeiremainsintherxnirsthatcannotberernovai. Thertisapossiblyofasmail 
sludge iayer in the bottom of the rxnirs irom repeared filling ana emprymg. 

3 3  FERNUUSTs 

The USTs at the DOE Fernaid site are primarilv managed by the Westinghouse Envinmmanal 
Managemmt Company for the DOE. Fernaid'iorigmal mission was the rcrinement of uranhm 
ore from various locations around the worid. mainly h r n  the Belgian Congo, South Africa aad 

8 



~usaaiia. pan of the waste genemixi in this process was sent to three or' four storage silo's for 
long-ttrm storage. The fourth silo was a spare and was never used. These silos have c a p i t i s  
of approximately 2 MG ana are ananged in two p u p s  of two silos each. They are bemeti 
with to reduce the radon flux a the surhce. The siios were consmcted with reinr'orced 
conme .  and have a 80 ft diameter ma 26 ft outer wail height. The dome is 10 ft Wer then 
the side waih at the center oi the tank. 

Silos 1 and 2 conrain a &inate sludge h m  the proctssing of "K165" Belgm Congo 
pitchblende uranium ores. These Siios are equipped wi& dmin slots on the htuior  wails to 
drain away the i n d z i a l  Liquid to a sump rank for voiume minimization. X 2- to 3-ft benumite 
layer has been added on top of the siudge KO re- the radon gas emissions from the waste. 

Silo 3 contains wid metal oxides in the form of a dry powder. This is h m  dried raffime 
wastes b m  ore conceatrares. Silo 4 was h i i t  iaenncai to Silo 3 but has never been used. 

The major chexnicai contaminates in a e  siio waste are arsenic. barium. chromium. lead. ana 
se ie~um.  The major radionuclide consutuenrs are thorium. d u r n .  ma uranium. 

3.3 OAK RIDGE 'IJSTs 

Tine Oak Ridge site has had PNO pxnary xssions since its conception during Worid War iI. 
The S ~ S K  was pioneexing the deid or' u m u m  enrichment on a large scaie. The secona was 
research ana aeveiopmem in reiauxi n u c i a  fieids through the Oak Ridge National Laboratory. 
Over the years iarge auantiues of exmmeiy compiex mixed wastes were generated and stored 
in severai USTs. ihirry-three oi rkese iow ievei iiauid waste t LLLW) tanks are sti l l  consiaerea 
scrive. There =e ais0 5i kacrive LZ'W mucs List n m  to be rem&uxi ana cioseci. 

The 33 active LLLW tanirs are bewee2 20 ana 30 years oi age. There an various tank desipns. 
mamiy using a stainiess steei tank how& within unaeqmunci conmte vauits. Twenty-five oi 
the fanks have wacines m g h g  irom 500 to iS.OO0 gai. The remaining 8 tanks have 5O.OOO 
$ai cgacines ana are iocatei in tt?e Lieiton valley m. There are approxixmeiy 360.000 gai 
or' liquid and 115.OOO gai of siuage *xasre srored in the tanks. It is e s d  that they contain 
3O.OOO Ci oi radioaaive waste. 

The 51  inacnve LLLW are ai grater Inen 30 years o i  age. .As wth the actlve mnks. 
there are vanous tank deslgns uslng s-arniess stet .  caroon swi. and g w t e  consmaion. The 
tank capaclries range h m  i.OO0 to i7O.OOO gat. There are aoproximateiy 290.000 gal Of h.d 
ana 39.000 gai of siudge stored in sese ranks. aithougn 99% of the waste is in 13 tanks- 
.Approximateiy 56.000 Ci o i  radioaczve wasa :s in the &. 



3.4 SAVANNAlEfRNERUSTs 

The USTs at the Savannah River site are primarily managed by the W&ghousc &muma& 
River Company for the DOE. The Primary missiOns have been piutoniUm, tritium, and e 
uranium production. Mort modan missions indude nuCiear naval fuels ptodaction a d  
piutonium-238 production for deep spce power gcncrarion. Waste generattd at the pi&= 
recovery areas (F and H arcas) wcfe pfaced in USTs for storage untii pcmmait diqosal 
methods arc impiunented. The process waste was neuaaIized and sent to USTs to ailow the 
insoiubie componenrs to settie into a sludge layer in the rank. The liquid layer on top of the 
siudge was kept constant by pumping M#SS liquid out of the tank to evapatm.  The pmnped 
liquid was reduced to asalt cake concartrate which was rcmmcd to saltcake holding USTsfbr 
storage. 

There are a total of 51 high level wasfe storage mnks in &e F and H arcas. Of these, 43 have 
a double shell @sr) consauction and 8 single shell (SST). There are four di&rtnt tank 
designs: 

12 I DST 750,000 
4 2 DST 1 ,03O7OOo 

27 3 DST 1,300,000 
a 4 SST 1,300,000 

The Type 3 tanks are the most modern. ana are to be incnasingiy used as the other tanks are 
phased OUK. The tanks are consmcseA with a concrctt smctu~t with carbon sted liners. The 
DSTs have muhipie coiring coils suspended from the tank ceilings. Savannah River bas atso 
empried and cleaned one of their Type 2 tanks and is curnntty deciding how to d c c o d n  
the zink for ciosure. 

Savannah River has approximatdy 32.4 MG of waste. Of this, there are 14 MG of liquid, 14.7 
MG of salt cake. and 3.7 MG of sludge. The pxinciqai ~ u c l i d e s  CoLISist of stmmixm-90, 
ctsium-137, and plutonium-239. The chemicai composition of the siudgt is d y  iron, 
mangnese. aluminum, ana mercury oxides. Liquid and sait cake wastts contain sodium and 
potassium saits of niuate. nimae. &OME. suifate. aiuminate, ana hydroxide. 

3.5 HANF0R.D USTs I 

I 
The majority of USTs on Hanford Site are managed by Westinghouse Hadord Company. Other 
prime contractors at Hadom with USTs include Banelk facific Norrhwes~ LabaratDncs - a n d  
~aiser ~nginetrs m o m .  The primary mission of this site was the production and ptrrification 
of weapons gracie plutonium. This was done by irradhng uranium in nine prcxiucziW reaaors 

fuel was then sent to the 200 Areas where the along the Coiumbia River. The snaumed . .. 
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chemical recovery procases are iocared. 
ncuuaiized and then sent to USTs for sunage. Hanford has 177 of these large USTs. Of thest. 
149 of the tanks are SSTs and 28 are the more modern DSTs. 

Waste generated at these process p h t s  

3.5.1 Process HistOrp 

There have been six different chemical process in the 200 Areas that have contri'oured to the 
UST tank wasfes. The firs was the bismurh pnosphate pmcess (BiPOJ used from 1944 to 1956. 
It was used to recover piutonium oNy, using a carrier-precipitation process. This process was 
used in the T and B plants in the 200 West ana East Areas resoecrr'ufl y. At the stan of 
operations for this process. over 17.000 gal of waste was gen& for evcry ton of m u m  
proctssed. This was reduced over ?he years to over 5,OOO gal by various waste minimization 
teciuuques. 

The reduction ana oxidation process (=OX) was the second generadon plutonium recovery 
process. It also recovered and separateci uranium so it couid be rqrocessed for further 
plutonium production. This process was in operation from 1951 to 1967 in the S pfant in the 
300 West &xa. This process useti a soivenr exmnon techniaue using nexone as the soivent. 
At firs this process generateci over 4.430 gai of waste per ton of uranium processed. This was 
reauced over time to appmximateiy 600 gai/ton uranium. 

The txioutyi pnosphate process (TBP) was useti to recover the was= uranium genexami in the 
BZO, process in both T ana B piant. The 'IT piant in the 200 West Area was used for ~s 
process. The U piant was originaily buiit as a BiPO, piant but was never used as sucn. This 
?recess was used from 1952 to i958. It used a soivent extraction process with aibutyi 
?nosgate. wnicn was used later in <ye piutonium uranium exuacrion ( P I . ? ?  process. 

Sodium ierrocyaJllde was aaaed to szverai oi the BiPO, waste fanirs to urecipitate me soiuble 
:snun-i37 so the fiauici portion oi &e waste couid be diswseci in puna cribs. Ferrocyanide 
was xicieci to waste fank~ themselves ana as pan o i  the T i 3 ~  process at the u piant. 

The ? L E Y  is the rhira generation & piutoruum recovery process ana was used from 1955 to 
1989 in the A processing piant in the 2W East &ea. It usxi a soivent extraction process wirh 
zriioutyi Dnospnace to recover piutonrum ana u m u m .  h t n  were iaux seuarafed for indiviauai 
?unfiunon. waste voiumes ior PYES were approxlmateiy 400 g~ ton Oi uraTllllm processxi. 

The rinai process was a mociifiunon to me oid BiPO, process buiiding (B Plant) to separate 
smnuum-30 ana cesium-137 from VST waste to reuuce ~e neat generation ana radioacnve 
wntem. This process was used from i963 to 1976. 

1 1  



3.5.2 Tank Descrr’prions 

There are 18 tank farms atHaaford containing 2 to 18 USTs &. Twdve of the tank- 
contain SSTs and Six contain DSTs. These tanks were CollStMcred using conuacas - base 
suppon with one or two carbon stetl Liners for leak pItvcnrion. 

The o n p a i  four SST farms were built from 1943 to 1944 (B, C, T, and U). Each contain 
tweive 530,OOO-gal tanks and four 55,OOO-gal tanks. The BX Tank Eann was built from 1946 
to 1947 and contained twdve 530,00&gal SSTs but no 55,ooQ-gal SSTs. Between 1947 and 
1951 four mort SST farms wert built (BY, TY, TX, and S). These each had 758,000 gal 
capac;itits. From 1953 and 1964, thra 1,OOO,OOO gal SST Earms were built, These w ~ t  ttze 
last SSTs built ana no wasfc has been added to the SSTs since 1980. 

The 28 DSTs werc built bemeen 1968 and 1986 in 6 tank fanns. They mark a major cicsign 
change from the SSTs with the addition of a second, heat-sassed. carbon s r d  liner for 
additional leak prcv#ldon capabilities. All of the DSTs have approximately 1,0oO,OOO gal 
operaringcapacities. 

Table 3-1 show a summary oi all the USTs at Haniorci. Figure 3-1 shows the dimatians and 
C~S~TC~K consuuction desigu for the five Haniord tank types. 

Table 3-1. HANFORD USTs. 

Nurnoq 

16 
60 
48 
25 
28 

55.000 
533.000 
758.000 

1,OOO.OOO 
1.OOO.ooO 

SST 
SST 
SST 
SST 
DST 
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3.5.3 Hanfoni Tank Prioriries 

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

0 Tanks containing potentiaily expiosive ferrocyanide (> 1 ,OOO gmoles) 

0 Tanks that uroduce ytentially rlammaoie mixtures of gases, especiaily hydrogen 
gas 

0 Tanks containing iarge amounts of organic salts that may be either highiy reactive 
andor flammable (> 10% TOC) 

Tanks that contain waste that generate extreme amounts of heat irom nuclw 
decay (>40.OOO Btwhr). 

The ferrocyanide was added to the *ank waste to precipitate cesium-137 from the iiquid waste. 
Ferrocyanide is potentially ex?losive at temperatures above 300°F. There are 24 SSTs that are 
estimated to contain greater then 1.000 gmoies oi ferrocyanide. 

Five of tine DSTs and 18 oi the SSTs contain waste that produces mixtures of flammable gases, 
especiaily nyarogen ana nitric oxides. TanK i01-SY is the worst of these tanks, producing 
?enodic "burps" or gas reieases that sometimes exceed the iower rlammability level or' hydrogcn 
- zas. It is theorized that the hydrogen is produced by the ~oiymerizanon of organic compounds 
in tie waste by the high radiation fields within tie tank. 

Seven SSTj contain greater :her, 
chat fie wasre c m t  couia ignite z?a 5um. 

organic compounds within the waste. There is concern 

Eeven SSTs contain waste :hat ger.:,rttes greater hen 40.000 BWhr from the nuciear decay of 
rne 5ssion products. TanK 24I-C-iO6 is the worst. generating over 150,000 Bturhr or 100 
Btwhrrton oi waste. The other io -anks generate neat between 40 ana 6O.OOO Btdhr. Because 
of this heat. water has io  be added to two tanks (241-C-106 and 231-C-105) to prevent 
overheating. If overheating O C C ' L ~ .  L+e tanic steel liner couid fail releasing waste to the 
surrounding soii. 
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3.5.4 Wasze Descriprions 

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

e 19,060.000 gal or' sngernatant (liquid) 

e :4,330.000 gai o i  siuage 

e 23.910,000 zai of sait czke 

22070,000 gai oi double-sneil slurry. 

The iiquia a d  s i t  cake ponion o i  &e wme contains primariiy niuate ma nitrite saits. ,n in iy  
sodium. The sludge ana Couoie-sneii siurry conrains nainiy hydiami rnetzf oxides ad 
phosphate preciFitates. Tine waste ziso contains a number oinaionuciides. esueciaily strontium- 
90. ;ix;?netium-99. iodine- i t9,  cesium- E. a d  xznsuranics. 

e 

/ 3-22 
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4.0 211-C-106 TANK DESCRWTTON SUMMARY 

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

1.1 241-C-106 T A W  

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 5116-in. (top and bottom thicknesses, respectively) 
carbon steel liner. enclosed in a 13-in. thick concrete snell (Figure 4-1). In 1971, C-106 was 
piaced on a "hizh heat watch list" when measurements inside the tank were recorded in excess 
of 210°F. At that time. C-I06 ana an aajoining tank (241-C-105) were designated inactive and 
were placed on an active exnauster to facilitate neat removal. In addition. approximately 6,000 - gals of raw water are added to the tanK each month to remove heat from the tank through 
sauorative cooling (Barnes. et ai. 1991). The heat generation in the tank is due to the decay 
of &ontiurn in the waste sludge (158.000 Btuihr estimated heat output). Without additions of 
water. it is suspected that the heat generation would adversely effect the integrity of the tank. 
Currently, the tank is considered sound (e.g., not leaking) (Barnes. et ai. 1991). In September, 
1991. the waste volumes inside h e  r m i c  were estimated at 229.000 gals (197.000 gais sludge 
a d  33.000 gais liquid. 

Sediment smugraphy is weil definexi in the vicinity of 211-C Tank Farm based on sediment 
samuies coilec*d durins the criiiing ma imailation of unsaturated zone monitoring and - groundwater monitoring weiis (Pice ad Fecnt. 1976: Pearson. 1990). Unsaturated zone 
;n~nit~ring weds (six zround C-iO6) were ernpiaced for leak detection monitoring of the 
inaiviauai tanks. The unsaturated zone weils are &in. diameter. carbon st& cased wells with 
open bottoms. with an average de?th of 75 ft beiow land surhce. Locarions of these wells are 
shown in Figure 4-2. Figure 4-3 gnows the iocations of five groundwater monitoring wells 
around 241-C Tank Farm. Well 299-E?-7 was drilled in 1982. and wells 299-E27-12. -13, - 
14. -is were drilled in i989 as ?an of the SST RCRA Groundwater monitoring program 
(Jensen, et ai. 1989: Pearson. 1990). Unfortunateiy. sediment geotecnnid data (e.g., density, 
compaction. cementationi which may be integrai to the piacement of subsurface barrim. was 
not coilected during the drilling of these weiis. 
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The sediment immediately surrounding the tanks (to approximately 40 ft below land surfact) is 
backfill material which was described by Price and Fecht, 1976 as "gravelly very caarse to 
medium sand to slightly silty gravelly very coarse to medium sand" (based on the Folk soil 
classification scheme). The sediments underlying the tank farm are predominantly gravelly sand 
( c 30% gravel) to sand with minor iayers of sandy silt to sandy gravel. Detailed granufo&c 
data h m  sediments collected during the drilling and installation of the 241-C Tank Fa~m 
unsaturatexi zone monitoring wells can be found in Fecht and Price. 1977. At a depth of 
agroximately 240 ft below land sunice the sediments coarsen predominately to a sandy gravel. 
Based on driller's logs from well 299437-7, depth to basalt beneath 241-C Tank Fann is 
approximately 300 ft below land surr'ace. 

The water tabie (uppermost unconfined aquifer) beneath the C-tank farm is 245 ft to 260 ft 
below iana 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 ti beneath C-Tanic Farm (based on samples coilected during the installation or' the 1989 
" rrounawater monitoring weilsj ranges from 1.5% to 23.6% water (on a weight to wexght basis). 
Most measured moisture contents are within a range of 2% to 4%. however. Hydraulic 
conductivity vaiues or' sediments in the upper 100 ft below the tank farm have not been 
measured: however. the values are esumated at 1D2 to 10 c d s e c .  Porosity of the sediments is 
tstimated at 10% to 30% (Graham et at. 1981). 
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3.0 T]DE?TI'IFED BARRIER TECH?IOLOGTES 

This section describes the suosurf~c~ 5arrier Iechnoiogies discussed at the workshop. Additional 
de& regarding the advantages. Zisadvantages. and technology descriuuon can be found in 
ADFTdix c. 

5.1 VERTICALBARRIERS 

X totai of nine technologies were iceatifid witn potenriai appiication to 241-C-106 ana are 
shown beiow. 

0 Dee? Soii Mixing 

0 Grotxc F:ee.zt S*.ers (Figure 5-51 
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Figure 5-1. CEME?TT SLURRY WALL. 
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Figure 5-2. JET GROLT CC‘RTAIS. 



Figure 1-3. GROUND FREEZE BARRIERS. 
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5.2 HORIZONTAL BARRIERS 

A totai oi five horizontal barriers with potential appiicaeon to C-106 were identified during the 
woricsnop process and are shown beiow: 

Horizontal Barrier Technoiooies Idexified 

In Situ Vitrification 

Ground Freeze Barriers (Figrrre 5-3) 

Jet Grout Curtain (Figure 5-21 

Modified Suifur Cement 

Perzeaion Grouting (Figure 54). 

-- 

5.3 OTHER BARRIER TECHSOLOGES 
1 . .  
i c:ee cm.er w;moio$es hat  aid zot fir Gone a a v e z h i  or horizonrai barrier were iaentifid 
far ;oter,uzi qpiicztion to C-iO6. : nese ezczosuiation barrier tecbnoiogies are iisted beiow: - 

e 

e 

Macro C,7;ogenics. 
~ .. Focr other zxce::aiieous ;echnoiogies were i s 0  iaentiiisi ana are shown beiow: 

e 

e Long Yiaii !dinin% 

Sequestering .+gem 

Wicics. 
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Figure 5-6. GROLT ENCAPSLUTION. 
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5.3 PREVIOUSLY DISCUSSED TECHSOLOGIES WITH DIFFEREYT 
APPLICATIONS 

During - the brainstorming portion of the workshop, several previously addressed barrier 
technologies were discussed but wifh different appiicarions. These ap?iications are discussed 
beiow. 

Severai in situ barrier technoiogies couid 5e used in or near the tanK. Vacuum grouting, for 
examuie. couid be used to appiy a iayer of grout on the outside of the C-106 tank. This wouid 
rq&e a vacuum be appiied to the mi< wail couuied w i ~  the injection of grouts adjacent to the 
mic wail. This tecnnoiogy was quickiiy discounted due to the possibiiity of breaching the tank 
ana preferential pathways ka t  might Se taken in the event of a ieak. 

Polymer impregated Concrete (PIC) penetration between the steel liner and the reinforced 
'concrce was also discussed. iiiu ban%r txnnoiogy method was discounmi due to the 
dir'r'icuity in accessing the wnuius. :kt smaii annuius space. ana the need to penemre tie tank 
dome in many piaces. 

- .  

Coring the reinforced concrtte foiiowei 5y injecuon of concretes. grouts. or cryogenic materiai 
was ais0 discussed. T ihe  5arrier opuons xere discounted due KO the need to bore into the udc 
:vaiis from the cop wnic5 ;mid resuit in the aossibole ioss of containment. 

Deiiioentely providing i! '%naow * ?I :he subsurface barrier foilowed by coilection ana trezunent 
or' fscned wastes was &scmsed 'szt zot prsued since it wouid require active ana continuous 
controis ma ewironrnez*~ nonitorig. 
- '  :...e ::staiiation o i  cooiizgfreeze c S s  zcjzctz: :O C-106 was ziso discussed. ;rimariiy as a 
szcozaary containmex k z t r .  Y s e  c i  k e z e  coils zajacent to the rank was dropped due 10 tfie 

ir.e zse o i  cryogecic zxzr:,",zis i;; ;onjcr.ceon with mother oanier seezs KO be the best option 
since mother bariitr couia. kee? -xm: 5 :he soii to accomuiisn f r e z i q .  

.. 
-pari ..- :or excavation zroucc :>e r ~ i k  -.v&is ~ k k k  eouid r m i t  in radiation occupauonai exposures. - 

Xyanuiic r ' rac~dcg zna izjectinz i:: a aanne: simiiar 10 the method used by the perrochemid 
indusuy LO enhance oii =a gas ?rbduc::o;; =vas dso discussed. However. this method was 
discounted since cmroi  is ?oss:r?iz. 

Long waii ininkg. sirncx :a tne zec:r.oiog:i used to mine cod seams. was ais0 discussed. Tnis 
:ecimoiogy may cot be ctnraoie i c r  g i i c z n o n  to C-106 since it wouia require rnuiupie shafts. 
expose Frsonnei to radiozctive zzrecis  for iong ~eziocis of time. a a  crate subsidence. 

29 



7.0 SCREENEI) AND COLTLED TECHNOLOGTES 

Based upon the screzning and selesion criteria discussed in Section 6.0. vertical, horizon@, 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. RATEG OF VERTICAL BARREX TECHNOLOGES FOR POTE?sfLu, APPUCAl70N 
TO 241-C-106. 

Cezent S1uri-y Wail 
Dee? Soil Mixing 
In Situ VitrEcation 
3et Grouted Cunain 
Ground F:-ae Barriers 
5ioaified SiJil;ur Czzect 
Permeation Crouung 
?oiymer Inpregnareii Concrere 
She=: Mer& Piiing 

High 
Medium 
L O W  

High 
Meiiium 
Medium 
Hign 
L O W  
Kign 
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Table 7-2 presents the ratings of ail screened horizontal barrier technologies with pornrial 
application to the C-106 tank. 

' 

Table 7-2. R A ~ G  OF H O R E O ~ X M .  B ~ T E C H N O L O G I E S  
FOR POTENTIIU, APPLICATION TO 241-C-106. 

&rizontal Bam 'er Technoloov Rating 

In Situ Vitrification 
Ground Freeze Barriers 
Jet Grouted Curtain 
Modifid Sulhr Cement 
Permeation Grouting 

LOW 

Medium 
High 
Medium 
High 

Tzbie 7-3 rates those technologies diat did not fit zs stand-alone vertical or horizontal barriers. 

Table 7-3. U T N G  OF OTHiIt BARRER ECHXOLOGIES FOR P O T E ? ?  APPLICATION 
TO 24:-C-106. 

EncaDsulation 

Fracturing 

Rating 

LOW 

Induced Liquefaction 
Grout Exausuiation 
Long Wall Mining 
Macro Cryogenics 
Sequestering Agents 
W icics 

Medium 
Medium 
L A W  

LOW 
L O W  

LOW 
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Through - this anaiysis. it is possiiiie to coupie those “high” rated vertical and horizontal 
tecnnoioeies - for potential appiication for 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 tecnnologies (jet cumin  grouting ana in situ polymer permation grout) have 
potentiai appiication both horizontaily ana venicaily. 

Table 74. COLTLED TECH?(’OLOG~ES WTii EICd RATNGS FOR POTENfIAL APPLICATION 
TO 211-C-106. 

Verc;,cal 

Terneation Grouting 
Permeation Grouting 
Cement Slurry Wail 
Cement Slurry Xaii 
Sheec Metzi Piling 
Sheer M e a  Piling 
j e t  Grout CcrLain 
Jec Grout C x s i n  

coupied wit;? 
coupied wit? 
coupied wit‘n 
coupied wit‘n 
coupied with 
Zoupied wit1 
coupied witin 
coupied with 

Horizontal 

Jet Grout Curtain 
Permeation Grouting 
Jet Grout Curtain 
Permeaaon Grouting 
Jet Grout Curtain 
Permeation Groutins 
Jet Grout Currain 
Permeation Grouting 
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8.0 CONCLUSTOSS AND RECOMMENDATIOXS 

This section discusses the conciusions and recommendations reachexi by the workshop. 

8.1 WORKSHOP OBJECTXITS 

The DOE CST-ID Subsurke Banks Workhop oojecrhei were met in that coniinemenr 
rxknoiogies were iaemified. scree:& for appiication to b e  C-106 GZ,?. a d  two seiecred for 
funiier stuav. In aaaition to these rnce*hg objecives. the workshou accomuiished the following: 

0 ?rcser?ted a ?rover! 52: oi  tecknoiozies. 

a ?rescxe5 zchoiogks .;?a1 wiii kave zppiicarion to other 9OE USTs. 

e Gained kriowiedpe f::cqn bxkgiound information on the USTs at L!. 
3acfora. Fezaid. CEc Xiage. =a Savannah River. 

i.2 DATX >-Ems 

0 3eiinith-e soiis izic=.auon inew iorehoies may oe in orat:) 

hiore aeEninve izformauon r:guaing buried oostacies (pernap suriace 
- o,eopnysicai survey 

Contamination ieseis :a soli. 

36 



8.3 COSCLt'SIOXS 

-- ~ ; , e  foilowing concksions x e  ?cs:?.*A a a integrai por",on of the DOE EST-ID Sub-ct 
3aiiers xorksiicp: 

::ect ;otexii ;rooiems. - .. 
I:t:C demonstration I S  

Itt Grout c 3 m  
?'tr.p?non Grounng 
32 t trout cutail 
? t r . c s o n  Grounng 
let Grout Ciinain 
? e z x x o n  Grouting 
:e: Grout C t J r i  
?tz.cr?on Grouung 
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Recommendations presented at the workshop include the following: 

.A subsuriace 5&.er system shouid be insdied in situ around the 241-C-106 EST 
2s dose as 7ossi'oie :o tie r m k  without unnecessaniy srre~~ing the tank itseii. 
Xiis wiil izinirnitt ~e cuantity oi soil that will be conramhated should the tank 
leak. AS a resuit. <ye rtsexch ma development program shouid focus on near- 
emk Dank: reduloiogies. 

.. 

a Most horizon& ana sone vercicai barrier :ecknoiogies wiii require the inscaiiadon 
oi ?iping for injeccon. Frmeauon. andor disuiiiution of barrier mamiah. 
Verticzi sysrens shoula have overiauping "cylinders:' o i  materik horizontai 
Eystezs skonid kave ;:;e system fiat prefc.caiiy have 2 :o 5 it spaciigs. 
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