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ABSTRACT -

- This ?eporf'rzonta'z‘ns the. 2004 apdz‘u‘e evaludtion of.'separeitfo'ri Zech?iologies and or]zer; mitigation B

_ llterarure revzew was: compieted and nafzana! cmd mtematwnal expeﬂs in z‘ke fefd q;‘ tritium

sepamtzan cmd mztrgaz‘toez teckquees Were conmltec& Updaﬁed mﬁ)mazwn on Staife—af tke—art

) tecknol‘oozes to address the conzrol af fritium in wastewaters was chemzﬁed and desmbed. This

reporr was prepared to sausﬁz the Hanford Federal Facility Agreement arid Consent Order (T ri- |

-Pariy Agreemenz) MziestOneM 26-074 (Ecology, EPA, and DOE 1996} Tm‘zum separation and.

isolation- rechnologzes are evafuafed perzadzcally to determine thezr feasibility for
zmplementatzon to corirrol Hanford site izguzd eﬁuents and gfouncfwczfers to meet the U.S. Code
Q Federal Reaulatzons (i CFR) Ti tle 40 ‘CFR 14116, dnnkmg water aximim contaminant tevel
{JICL) for tritivmm of 20 800 pC-’zJ, andfor DOE Order 3400, 5 as low as reasonabbf achzevable

(ALARA) pohcy

Objecrwes of this evaluazzon wereto (1) updczze status of. potenrzally wable tritium separatzons

' tec}znaloozes with regard to reducmg tritium concentmtzons m current Hanford site process

Waters and ensfmg groundwater to MCL levels. and (2) update statiis of comrol metkods ta

A prevent the ﬂow of mﬁated water at concenﬁ atwns greater than the MCL fo the environment.

Since the 2001’ ,thjbrd Site evaluatzon report there have been a number of developments relafed, :

to tritium separation and control with potential applzcatzon in mzttaczrzng tritium contammateci

* wasteviatér. These are pmmmbz focused in tke areas of 1) development and demonsrratzon of .
, 'caz‘alyﬂc proces.s’es using hydrogeﬂ/water exchange to separate mzm'm from water 2)

_ development of a sorbent based process to separate iritivm ﬁr'om water 3) evapomtzon of zmmm ‘
_ conzammatea‘ water for dz.sperszon in the aMOSp}zere and 4y use of subswface bamers to. -

' mzmme ‘the transport of tritium in. groundwater

: C’mrtzmung development eﬁ’orts for rrztzwn separanons processes* have been przmarzly to szgaparz

the mtmafwnal fusion reactor proomm -and the nuclear power zndustfy thle rhese are:

swn;ﬁcanﬂy cfz)j"erent fkan the Hanfard applzcarzon the tecknology could potenrmlly be adapred '

| Jor Hanfard Wasfewater treatment Inthe area of cafalyuc hydrogenfwaz‘er based sepamtwns

improved processes have undervone succes.sﬁzl demansrrafzon by Atomzc Energy Canada’
erzted (4ECL) ' ' '
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a:t the Chall River facxlziy and also atthe Combmed Indysirial Refmnmg and Catalyzzc )
Exchange (CIRCE) Prototype Plant located at Hamftorz, Ontano Canada. Szmzlczr processes y
-aré proposed for mstallatzon at the Jozm‘ Europecm Torus. (JEI}) fac:lzty opmfed by the Umted

: ngdom (UK} Atom:c Eﬂergy Azdhomy at Culkam Ozg'brd'shzre, UK and at the proposed _
B -Intematroml Tkermonuclear Expenmenral Reactor (IIER) Sacility. ‘

| Traatment pmcessas to reduce mtmm levels below rhe dnnkmc, water MCL have not been _
| demonstmfed  for the scale and condztzons required for trea:mo Hanford wasrewater Tn addition -

‘; .‘avmfable co,s*t zrg"ormarzon mdwates freatment: ¢osts for such processes’ will be substanrmily
| kzoker than for. dwckarge to SALDS or other -yypical pump and treat profects at Hanford. Actual '
. nm;gaz‘zon pro;ects far groumfwafer with very. low tritmm contammatzon szmzlar to that found at

AHaigfbrd have foc:usea’ mamly on. com‘rollmcr miaratzon and on evaporation for dispersion in the

B ﬂﬂﬂosphere Pfgitoremedmaon [’use of plants) fias been applzed to remave mzlum contammated

groamf water. io reduce movement of contammated plumes that coufd conmmmate smj'ace water
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SCIEN’I’IFIC ABBREVIATIONS AND COWVERSIONS '
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 liter

Liters per second

Iitersperlioui‘,_l S
_-'meter A | .
. 'mlmlrter
mﬂlﬂlters per minute
: nuﬂlmeter -

(10‘3 meter)

o _-nuﬂjroentcen eqmvalent marnmal
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Figné 1. Combined Blectrolysis Catalytic Exchange Process
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10 - -INTRODUCTION

- Tritium (T) was geﬁeraicd asa by—product in reactor fuel at the Hanford site by the U.S, Defense -
... Program in muclear reactor Operaﬁons from’ 1944 o 1989 The bulk of tbls triftam was released
‘to'the. ground From fuel reprocessing facilities on the 200 Areas. platéan in the form of tritiated -
water in. Process conéansates Releages to the. ground have greatly decreased since the last fael -
.was processed through the fisel separations Dlantin'1989. Tritium in préviousty discharged.
- liquid efflnents has migrated into the groundwater, and in some'cases toward and into the

B . Columbia River. Szgmﬁcant tﬂtmm hveritories rentain ih Hanford Site crroundwatcr and in -

undergrmmd waste storage tanks, -spent-fuel storage “basin ‘waters, and water stozed at the Liquid -
Efftuent Retention Facihty {J eppson etal 1 997). Hanford tiittur concerrtramons are relatively
low (<30 000,000 pCi/L. or 0.003 parts-per biltion by welght} butin many cases exceed thie =
© 20,000 pCi/L drinking water standard (DWS) for fritium {40 CFR 141.16). Tritium decays with

S all, 3-year half- hfe producmghehum. Ttis estimated that the tritivim ‘inveptory at the Hanford

" _site from processed fuel has decayed tor about Ldx 10°Ci to dafe based upon decay from the
‘value n the 1997 report (Ieppsen et al 199’7) :

" Since 1995; 4 state-approved 1and dlspos:al site (SALDS) has recewed cfﬂuents from the I—Iaﬂford
~. site Bffluent Treatment Facility (ETF) that are essenﬁaﬂy free of all. contaminants except trifiom.
The majority of writium discharged to the SALDS comes from process condénsates fromthe . |
242-A Evaporarmr when it is processing s wastes from underground stérage tanks, fuel basin Water
stored at the Liquid Effiuent Retention Famhty {LERF) and other miscellaneots wastes. o

' ' Discharge to SALDS allows ndtural radioactive decay to substantlaﬂy reduce fritium content

. before the wastewater enters the Columbid River. ‘Computer modeling results predict a relatively
Tong travel time (many times the half fife).for tritium bearing effiuents discharged to SALDS to
reach the Columbia River. The models indicate that tritium above drmkmg water standards Wﬂ}
not reach the Coh}mbza R:Wer m detectable quantmes (Ecolooy 2000)

In 1991, theU S Departcaent ef Encrcy, chhland Operatmns Office (Site Technolagy _
'Coordination Group [STCGY); issied 2 notice ofthe need to reduce tritlum ‘concentrations in’
Heznford site wastewaters from 2-3 million pCi/L to léss than 20,000 pCI/L RL-MW023, |

- Te ecknologv Needs/Opportunities Statemerit [HST 1991]) A Hanford site Fiscal Year 1999

Waste Tank Science Need, RL-WT047-S (RL 1999), was issued that galted for identification of
' Vlable processes for reducmg trrtium concentratlons m Hanford site wastewaters.

The current report is one fn'a series’ concemmg tntlum. mmgatmn technolog;ies DOE/RL—94-77 2
~ (Allen 1994) prowded an initial evaluation of tritium ireatment and disposal options. Penod:lc A
xpdates on stitus of tritfum mitigation tecbnology have been pubhshed since that time:"
'DOE/RL-95-68 (Allen 1995), DOE/RL-97-54, Rev. .0 (J’eppson et al. 1997} DOE/RLQQ-

247, Rew. 0-(J¢ eppson 1999), and DOE/RLZOUI-SS‘ Rev O (Penwe}l 2001). “The current report.
- prcmdes ahupdate of- developmenis in thearea of tritim mitigation tcchnolocy since thé 2001
update.” The earlier reports shou'ld be consalted for addmonal backgmund information that is niot
' repeated herein. '

C1a
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2.0 "SU'MMARY‘

 Aliterature search was eonducted and experte working in the field were consulted o update

informétion in earlier reviews related fo. processes for. removing tritium from Hanford Site’

- wastewatess to meet the dunkmg water maximum concentration limit (MCL) of 20,000 pC1/L .

‘Separation processes have been identified, described, and evaluated for application to the -
Hanford site wastewaters, mcludmg spent-fuelt basin-waters, ETF effluent, and groundwater

- Other potentially appliceble methods for mitigation of tritium eontemmaied wastewater of

', groundwiter. at the Han;ford Site are also dlscussed.

Develepmem Work smce the last. update repert has eentmued on separatlons processes based on
catalytic exchange of hydro gen isotopes between élémental hydro gen gas and water, the

combined electrolysis and catalytic e exehance (CECE) and bithermal hydregen—water processes.

Catalytic'exchange technology has been deveiope& and demonstrated primarily for appheattons
that support the fusion reactor program. and for operation of heavy water moderated fission
reactors, ‘bt could potenna}ly be adapted for treating large vohimes of groundwaier and-waste -

water wzth frace tntzum eontannnatxoﬁ However the eost IS exPeeted to be relatively mgh

|- Testsofa SOI’p‘EIOIl based process have demonstrated some separation of tritivm from wastewater

but-did not suecessﬁﬂiy demonstrate feasibility of the overall { process. "The developer of the

~ process indicates problems have, beeritesolved- and the process isready | for use to remove tritinm

from wastewater. However, the process Jacks: larve scale demonstxaﬁon and’ avaﬂabie

o mfermatlen m(hcates u'eatment costs are relatweiy high. -

Treatment processes to reduce tritium ievels below the drmkmcr water MCL have not been "
demonstrated for the scale and conditions required for treating Hszerd wastewater, Tn. addrtmn
available cost infortnation indieates freatiment costs for such processes will be substantially

_ hlgher than for dxscharge to SALDS or other typleal pump and treat pregects at Hanford.

E Slgmﬁeant new developments and xmplementatlon work 1dentf_ﬁed to mmcrate buik Wastewater 2
and groundwater with trace tritium contaminiation are limited to actions to restrict or alter

groundwater mevement by pumpmg ‘or barriers and evaporation for air dispersions. (thermal

_evaporatlon and hytoremediation”, or use of plants to uptake and evaporate greundwater)

3 21
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30 REMOVAL AND MTIGATION ‘I’ECEZNOLOGIES FOR TRITIUM IN
WAS’IEWATERS : '

Sectmﬂ 3.1 dxseussee industrial processes- fer sep aratlon of hydrocen isotopes in water

. Section 3.2, dlseusses develepmental processes for separating tritiuin fror protinated water
L (H0). Other. tritium mitigation methods for contaminatéd water are mciuded i Sec’aon 33.
Available mfonnauen on relatzve costs is- d:scussedm Secf.lon 3, 4,

3 1 INDUSTRIAL HYDROGEN—ISOTOPE SEPARATION TECHNOLOGEES

H.ydro gen—lsetope-sepa:anen techiologies used on an mdustnal seale include processes that

- separate deuterated water (HDO and D;0) from HyO and/or tritiated water (HTO) fromi HDO
and D,0. None of these processes are used on'a Iarge commercial scale for separating very low
~conceptrations-of tritium from light water to meet the MCL conicentration. Processes. discussed
- in this section would reqmre some work to be adapted to the Hanford Wastewater treatment

" - requirements, but this is couﬂdered to be a moderate extrapela’eon ﬂom  past successfil .~
applications of the processes :

311 ’Water DIstﬂlatmn

: Isotepe separation by Water dlstﬂ]atmn is baSed on.the small élfferences in vaper pressure
'between ‘water species-confaining different hydrogen 1setepes Water distillation for separation of
- HDO-and D50 from H,01 is a safe and Well-established ¢ process that bas been used on an
. mdustnal scale for. many years, Water-distillation facilities have 0perated to deprotinate heavy
water in the United States, Canada, and Eumpe "eVater dls‘tﬂlatlon also is used to remove HTO
: fremHDO and Dz(} o :

. -Since the proeess is relauvely smlple and well- establlshed, no technology develo*pment :
information was found beyond that given inthe 1999 evaluatxon report DOERL—99—42, Rev. 0
{Je eppson’ 1999) ' :

3.1 1.1 Process Descnptlon

. The precess was descnbed in detaﬂ inthe 1999 evaluatlon report (Ieppson 1999) and therefore s
‘not descnbed in detail herein, .

3.1, 1 2 Apphcatmn at the Hanford Site -

Dlsnllatmn has not been used o treat Iarcre veIumes of wastewater as needed far the Haeford
'-apphcatlon. As dlseussed in earlier evatuations, the technology is expected £10) work, however,.
the costis expected to be high. The volafility of tritiatcd water is only slightly” less than

o protmated water resulting in the niced fora 1arge numb erof separzmon stages. A large reflux.

- ratio is required (about 30) resulting i m hqmd and vapor flows in the columins that aré about 30
times the feed rate. If steam is uised to heaf the Teboiler; ‘the required steam consumption would
. be about 30 tnnes the rate of Water fed 10 the treatment proeess, resu}tmc n h1gh costs for steam

3-1
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or ﬁlel Attew dedxcated steam boﬂer wmﬂd be requned becanse of uncertam capamty a:nd
'longenty of the exxstmg steam suppiy system (Omz 2983}

3.1.2 Combined Eiectrolysxs Cataiyhc Exchange .

o _‘ Combined electrolysis catalytic exchange (CECE} is.oncof several processes based onuse of the o
: hydrogenfwater exchange eth‘bnnm Téaction (Equation 1ythat favors formation of HTO when
- liquid HpO is contacted wzeth tnnatad hydmgen (HT } gas (Sxenkzemcz and Lentz 1988} '

ET(g}+H20(1}®HTOG)+Hz(g) R ¢

. A catalyst is requlred for the reaction to proceed atan appreaa’ole rate, and dﬁvelopment of
improved hydmphobic catalysts in recent years has been Key to ¢oramercialization of the
process. - These catalysf.s may be used for CECE and other processes based on Equation 1. The
CECE proeess requirss electrolysis.of all feed water plus sorne deionized water used for
stripping (approxunately 1.4 times the.feed flowi is eiectm}yzed) The CECE process has 2 hlcrh
1sotop1c separanon factor and near ambwnt te'mperature and pressure operatmc conditiens.

3121 Precess Descnpuon

A schemanc dramno of a CECE process is shown in Figure 1. The process consists of
countercurrent gas/liquid exchange coluinns with packed catalyst beds, an electrolysis cell, and i
_ hyd:ogenf nygen recombiner {omiited if hydrogen production is desired). A platinom based -
$olid catalyst is 0séd that has been treated to make it hydrophobic {repels liguid water). “The °
- water to be treated i is added in mxd-column. . As the water flows down, the tritium is transferred
from the stream of hyarogcn rising throtigh the colymn producing 4 liquid enriched intritiom at -
the bottom and a hyﬁrogen stream partzally depleted in tritinm that flows to the upper section of
the column. Cledn ‘water is added at the i'op of the colmmn. Tn the i fipper section, the clean water
further reduces the tritivm content of the rising hydrogen, resulting in a hydrogen stream- exiting
- the top that is-essentially free.of tritium. The conibined water stream (foed plus added clean -
water} drains from the bottom of the: ol to an electtolysm cell where it is electrolytically
.- split into oxygen.and tritiated hyciroven gas. The concentrated tritium siréam can be taken from
the bottom of the column either as tritiated Water or.ds tﬂtlated hydrooen gas dependmg on the
' desrred form for the. concenira‘ied trititim containing product A

3.1.2.2 Process Deveiapment

- An eaﬁy vetsion of this pmcess Was nsed to Temove trmated water from liquid wastewaters to -
reach discharge-level mncentratlons of20,000 pCL’L in the Fritium Agqueous Waste Recovery’
System (TAWRS) at the US. Department of Energy {DOE} Movwnd Facility- (Bllis 1982),.
(Slenlqemcz and. Lentz 1988). System capamty was on the order of Z-hters per hour. .



- DOERL-2004-11
Revision 0

Figné 1. Combined Blectrolysis Catalytic Exchange Process
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A CECE type pﬂot plani to recovertrltnnn ﬁ‘om haht water was bmlt and operated in Japan for-
. oveér 14 years'in connection with the Fugen reactor ‘The plant capacity was 3. & liters per day of
. feed, and HTO Was concentrated bya. faetor of 10 (fsomura etal 1988)

The CECE process has been the sub_]ect of &ctxve development work mreoent years. The woﬂi
includes catalyst developmen’s and testing, improvements o electrolytic cells, ophm;zaimn of
‘system and component des1gns, ané mdustnel prototype construciion and operzoon

Hydrophobm platmum based catalysts were mmally developed by AECL and the Chalk. Rrszer
Nationat Laboratory (SISI]kIGWlCZ -and Lentz1988).. Catalysts from additional developers have
recenﬂy been subjected to testing (Cristesen et al 2002} and (Braet and: Bruggeman 2003).. .
. Active work on catalyst development/teshng, procéss optimization, and demonstration tes’rmg
. have also been reported at.gther sites in Russia, Germany and the United Kingdom (UK);

- {Perevezentsev et al, 2002); {Cristescu et al. 2002) (Alekseev et al 2003) (Alekseev eial.
20023, and (Fedorchenko ot aL 2001) '

. Alarger version of the process used at the Japanese Fucen reactor has been demgned for use with
- e proposed Tnterniational Thermonuclear Experimental Reactor (I‘I‘ER) a fision reactor (Twai
-et.al 2002). The proposed system is designed to treat 20 kg per hour (aboui 20'L per howr) of
water using a % méter diameter. colummn. Faczhty Iocatlon and the constructlon schedule for the
'ITERaIenotﬁnalxzedatﬁnsume ' :

ARCL constructed and completed a successﬁll demonstraoon of the CECE process aspart of 1ts

. Protetype CIRCE Plenit demonstration project at Hamilton, Ontaric Canada (Miller 2003). The
" pilot plant uses a 7.5 kA electrolys:s céll and 2 ‘2inch diameter column with a total water flow of
apprﬂmmately 15L per hour, During testing, a detritiation factor e.xceedmc 30,000 has been
achieved {(Milter 2001).” A 'twg part demonstfation of the CECE process was also successfully
completed at Chalk River (Miller ¢t al. 2002), (Graharh of al. 2002): The first part wasto .
demonstrate npgxadmg of heavy water and the- second-part ¢ demohstrated a defritiation - _
' decontammaﬁon factor of over, 1,000 and as’ hlgh as 5 0 000 treatmg fritinm contannneted heavy

. ‘WEI.tE}I‘

A recent paper {Aleskeev et al 2003) prowdes mformatlon ona CECE pﬁot plant atthe ,
Pete:rsbm’v Nuclear Physics Institute that has begn. operated since 1995, The plant has processmg -
;- capacity of about 4.5'kg per day (about 4.5 L per day) and has demonstrated fritinm. . S
- décontamination factors of. 1,000 when cperated with heavy water-(a more difficult- separation
" than thh hgbr water} Mulople operaf:mD modes. and COndltlonS have “been tested. :

A CECE tr:eatment system is planned for the Iomt European Torus (JET) faczhty operaied by the
UK: Atomic Energy Authority at Cutham Oxforshire (Perevezentsev et al: 2002), (Lasser et al.
2003).- In support of the JET program, process. development work is underway and a: CECE test

systerd 1s bemg installed at Tntmm Ieboratory Katlsruhe in Germany (Lasser etal. 2003)

" The active dev clopment and mplementatlon WOﬂ{ at multiple sites mdlcates CECE isa wable
o process and may COMe to nnprove over tune .

*
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3.1.2 3 Apphcation at the Hanford Site

. An evaluahon conducted by the AECL for the Savannah Rwer Site concluded the CECE process
s .should be considered as a viable process for detritiating water (leler 1999) Since that time -
' there has been considerable development and demonstration of the process for differént -
- applicationsiand thé Process appears, techmcally feas:LbIe As dzscussed below and n Secﬁon 34,

. cost for treating bulk: quantitiés of wastéwater with trace’ tnuum contammatmn appears: relatwely o
' High. “With current Hanford Site average power cost of $0.0344 per k¥Wh'in fiscal year 2003

" -(Gelger 2003), power cost alone would be over'$1 per. gallon of water tréated. “This process
B reqmres 4 moderate-amouit of cesﬂy hydmpho’bm catalys’c conszderabie cost for. electrolyhc
cells, and handhncr of hydregen gas at near-atmosphenc pressuzes: for the separatwn. o
.. Confinerient systems will be reqmred for the concentrated trithir product for protecﬁon of -
© workers; the ehviromment and. ‘public. Detalled site specﬁ‘ic cost estimates, are not avaﬂable and -

o . ,testmg has not been performed wzth Hanferd spec1ﬁe waste compesmons

Water that fas been precessed at E’I}? is hkely to Wor"k we]l asa feed because this Wastewater is -
esseritially ffee 6f contaminants other than tritiom. . Full eharactenzatlon and possibly testing -
‘work would'be needed to detemnne if additional: pretreatment is needed for speczﬁc cand1date

_ \Waste streams

A tntmm ennched waste stream wﬂl be produeed in addmon to tnhu:m depleted waterer

o hydrocen Tins canbein e form of; Hiin hydm gen 245 from the: eiectrolytlc cell or water with- -

elevated tﬂtzum compared 10 the feed ‘water.  The HT could beloaded on a metal as a hydnde or -
tritiated watéf: could be dlSpomﬁoned as'a grouted waste form:_ This stream is small compared to

i ’the wastewater feed. Cost of dJsposmonmg the waste will depend upon the method, and: couki

- be ﬂgmﬁt:ﬂ:i - S

e This process Was mehlded ﬁ)r consnierauon in earher Hanford Sﬁse tnhum teclrmolooy evaluaﬁon ‘
- reports (Ieppson et al. 1997, Jeppson 1999).. The 1997 report teferenced an evaluation of this.
. -process’ (Pulbright etal. 1997) that indicated a ost éstimate of about $2.6'per. L {$10pergal) to

process the tritjated water ata rate.of 1.6 L/s {25 gpmy; witha fritium coneentraﬁon of 40 uCﬁL
A more recent prehmmary cast estimate by AECL {(Miller 1999) mdleated a treatment cost of
about $0.32 per L ($1.2 per: gal) for: freating 1.3 L/s (20 gpm) of water with a tritium: :
- concentratlon of200 [,1C1/L (w1th o hydrogen reeovery credit). Volums ef catalyst reqn:ured for _
a 20 gpmr capaclty CECE. proeess was estimated by. Mﬂler {1999) as'8.1 m for exchange catalyst '

" - and 3.2'mi” for Tecombiner catalyst: with lifetime semce expectancm of 5 years.- The volume of ° o ..
catalyst requ:u‘ed fora 25:gprm capacity CECE | process was €stimated by Fulbnaht et-al. (1 997)at -

- ghout 40 m* for the: exchance catalyst based on scaie up from relatweiy eld data (Hammerh etal. |
' 1978).. N

"~ "The Mﬁler (1999) eshmate hsted dbove assumed power cost of $0.02 § per. kWh “The CECE
‘process uses about & 1079 KWhof power per lite"of. foed processéd. -If power cost is assumed at
- $0.0344 per’ kWH, the estirhated processing cost-increases by about $0:13 per liter (about $0. 50 .
- per gallon) to =bout $0:45 per liter or $1.70 per gallon.. These estlmates would be further”

- increased by costs for- handhng and dlsposal of the coneentrated tritivm, product and other site

: 'spemﬁe proj ect costs "The cost estx.mates cxted were prepared for the: Savannah Rwer S1te (SRS) '
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and were based on tritim eoneentra:tlons abo&t an order of magnmde h:gher than those expected -
- at Hanford. The reduced separations efficiency required for Hanford coiild reduce the cost per
‘galion: treaied, but only. shghﬂy All of the foed processed must be eiectrolyze& so-that power -
conmmptton s not su‘bstanflally reduced by reduced eeparai:lons efﬁcleney reqmrements

-3, 1 3 Blthermal Hydrocen-Water Process EEE

~ The mthermzl hydro gen-waier process is based on t’he same hydrogenfwater exchange resction
- as'the CECE process (Equation 1, see Section 3.1.2), and can use the same ca’talysts However i
does not require electrolysis of the feed water, but instead relies on a técycled siréam of -
~ hydrogen coupled with dual temperature separahons columns, The bithermal hyd:o eren—water
- procéss was dlseussed in fhe 1999 evaluaﬂoo teport. (Ieppson 199 9. - .

' 3.1.3. 1 Process Deserlptlon -

© This process donsistsiof cold—stnppmg and eold-ennchmg columns and hot-ennehmg and hot— -
-stripping colmmns stacked in a-vertical oficritation with hydrogen gas. ﬂowmg upward
‘ .eomtercm-rent to the agueous ‘streams, as shownin Figure 2. Tritiated waterto be. treaied is.
introduced between the cold—s’mppmc, g and cold-enfichin; g oolumns Three COIldItIGIlS are _
. 'impottant fo maximizing separation factors: I} use of.an ‘active hydrophoblc catalyst (thesame
: cataiyst used for the CECE process); 2). temperature control to enhance the stnppmg and '
R ennog eondmons and 3) hlgh pressure

' _ In the upper “cold stnppef’ secuon, non—tnoated water is used to absoib tritium from fhe . -
-exrculatmg hydro gen. The resulting hydrogen gas, essen’aally free of tritium is reeitculated to the .

" hot-siripping column to remove fritium from the wastewater.to be discharged. The tritinm-rich: .
- product streatn is Wwithdrawn from hetween the cold and hot ennchment columns.’ The colurmms.

are operated at hear 49 attmospherss pressure to achieve: maximum separation factors. Thehot -
enrichment and stripping colamn sections are operated at about 443 K (170°C); and the _coId- -
. Strippmg and cold—eonehment eohmm sectlons are operated at ahout 323 °K (5@ °C). -

3. 1 3.2 Recent Developments

The bxthermal hydrooen-water PEOCESS Uses the same chemxstry and the same catalysts used for .
. "the CECE process. Therefore muich of the development work on the.CECE process is directly.or
B indirectly applicable to ‘bithermat hydro gen-water. -A profotype unit was ‘installed and  operated !
. successfully 4t the Prototype Combined Indystrial Reformmg and Catalyﬁe Exchange (CIRCE)
. demonstration’ pro_lect at Hanulton, Ontano Canada (Mﬂler 2003) :

3.1.3.3 Apphcauon at the Hanford Slte

Exxstmg appheanons for the blthermal hydrogen-water process are for treatmg heavy Waier,
however, it appears feasible to. adapt:the teehnology for treatmetit of Hanford Sife wastewater

. and groundwater. This process doesnot require electrolysis of the feed watet to' ehange phases '
of the feed stream, but operation with Jarge volumes of hydrogen gas at high pressure, heating to -

moderately'hzgh temperatures and szgmﬁcanﬂy higher recircutation flows compared to the CECE -

process The proeess is exp ected to be eapabIe of Ieducmg tntmm concentrauons from. levels
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Figure 2. Bithermal Hydrogen-Water Process . *
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typ1c:a1 of Hanford wastewaters to. Iess ’than the MCL of 20 0&0 pCﬂL for the depleted dxscharge
 stream while producmg a small volume tritium-rich stream 0f>0.02 Ci/L. The AECL has stated - -
“that $his ; precess can be de&gned to process 300 1o 500 hters per; mmute W:Lth no obvious .
' dlﬂiclﬂty R .

" Feed. for ﬁ:us process needs to. be Water with low fevels of orgamc and morgamc coritaminants,’
Water that has been- processed at ETF is likely to workwell as a-feed because this wastewater is -
"essenﬁally free of contaminants-other than tritium. Full charactenzatlon arid possibly testing .
. work would be'needed to dstermme if adﬁ:fttonal pretreaiment 13 needed for speciﬁc cand.tdate
" Waste siTeams. : : T ,

| Concerns. mth t]:ns process include: 1) the containment of tritiated water and tritiated hydrogen

gas under h:gh pressure, 2) safety with the use of high-pressure hydrogen gas'in the process; and - L

3) the fact that the. process hasnot been used on alarge mdusmal scale. I addmon, the process

is much mote sénsifive.to conirol of the- process; ﬂows than is the CECE Process. Because

electrolysis; of atl the feed isnot reqmred, POWET costs are expected to be lower than for the

- €ECE pracess.. However the separaﬁons columns, catalyst beds, and the internal stream flows -
ate much Iarger :As in the case of the CECE- ‘process, a method mmst be proﬂded 1o dlsposmon -

~ the conoentrated trmated watér streamt. As stated in the 1999 evaluation report, the process '
{Miller 1999} was gvaluated to be only shahtly more costly than the. CECE proeess for the 20,

* gpm scetiario they ¢ evaluated. Lower decontamination factors requxred at Hanford compared to

SRS wuld tend to favor the bl’rhemal hydrogen—water process because its costs are more "

sensitive to. requned separation eﬁcrency ‘Total treatment cost {Capital, uiilities, labor, étc ) for o

- thig proeess are expected to be similar to the- costs for the CECE process with thé lowest cost
opnon dependmc on capaclty, ep eratmg &uratmn, power cost, and other sﬁe speclﬁc factors

3. 134 Gn'dler Sulﬁde Process -

lee the- bithermal hydro gen water process; the Girdler Suiﬁde (GS) process uses cold and hot

. columns and 3 rccnculatmc gas to drive the: separahon process.. However, in-the GS process iy
- hydrogen sulfide is the recirculating gas- and ne. catalyst is reqmred ‘The GS process is descnbed :

- inmore defail in. Jeppson ef al. (1997). This mature process has beeh long used for heavy water'
prodnc‘uon and isexpectéd to be adaptable fo Hanford Site wastewater treatment requn-emenjs

“No significant recent developmenis were ideritified for this process and although it is expected to :

- befeasible, the process has major safety concerns: “The Safefy concerns are focused arotme the -
- hlbh-pressure (20 aim) and thc hlghly tomc and cor:osxve gas hydrocen sulﬂde used in the
-process. . T - .

Tn the Mrller (1 999) evaiuatlon, the GS proces.s was Judged to cost somewhat ‘more than the
CECE; Process or & ‘bithermal hydrogen—water process for the specific scenarios evaluated. Costs
of about $0.5-per I; ($2 pet gal) (Miller 1999) were. éstimated o reduce.tritium concentrations :
“from 200,000,000 pleL ‘to' <20,000 pCV/L at a flow rate of 1.3 L/s (20 gpm). The lower titium |
concentrations typical at Hanford are expected to reduce the cost only slightly.. ‘Inanearfier = -
study, this process was estimated to be the most economical’ ‘separations process conmdered o

- . [$0.05 per L (SO 2 per gal) for a i 6 L/s (2501)131) flow rate} (Fu}bnght et-al. 1997)

| Feed for this process needs to be Water Wlth Iow levcls of orgamc and inorganic conta:mmants -
. Water that has beert processed ai ETF is Iikely to work well asa feed because tbzs wastewater 1s ‘
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essentlally free ef coutmmnante other than tnuum Full charactenzauc}n and possfbly festing |

 work'would be needed to determlne if; addmonal pretreatment is needed for spec1ﬁc ca.ndlc{ate
_ waste Streams

- 3.14 Other Industrml Hydrooren Isotope Separatmn Processes

Other mdnsinat proeessee have been used for hydrc oen 1setope separanon as dlscussed in-eatlier
evaluation reports. However, no new development wvrork, evaluattens, or- 1mplementatlon .
projects were identified. Ths earlier evaluation. 1eports (J eppson ctal. 1997) ana (I eppson 1999)

shiould be cmtsulted for mfonnatxon on these Proc cesses.

.32 DEVELOPI\?IENITAL HYDROGEN—ISOTOPE SEPARA‘I‘ION TECHNOLOGIES

Thls section SUBMMANZes New mformatzon 1dentxﬂed on- deveiopmenial hydrogen 1sotepe :
' separatxon technologtes that have not been demonstraied oft an mdustnal seale

3 2‘1 Trlttum Sorbent Process

A sorbent based tntmm separation process developed by ] Moleculat Separattons Incorporated
-(MS]) was discussed in the 1999 and 2001 evaluation reports (Jeppson 1999}, (Peniwell 2001).. .
- Details of the process have evolved since the 1999 report; however, the basic. technical approaeh

remains the same: A gsolid sorbent material is used with water of hydratmn sites that are selective - * 7.

" for tritiated water over protindted Water. Tritiated water'is selecn\?eiy adsorbed onto the sorbent

- asit contacts the contaminated water,. and the sorbent is penodlca]ly regenerated byheating.” At

.+ the time the 1999 evaluation report was prepared, the. process. involved a moving bed of sorbent.
o trzcklmg through the ex.chanbe columns and then being reoenerated oufside of the columns. The -

process was later.chatiged 10 use afixed bed with the resin being regenerated in place whlch s

expected tobe miore amenable to- scahng up ioa: 1axcrer process ﬁow

' Smce the 2001 report wWas prepared, pilot testmg supported by the Electnc Power Research -

Institute, (EPRI) was performed by Duratek (EPRI 2002). The project developer (MSI) has alsa.

teamed with: Calgo;n Carbon Corporanon for commerclal apphca:tzon of the techno!ogy (MSI
2003} : : : _

e A3.2 1. 1 Process Descrlptmn -

’I‘here are several ways the. process mi ght be conﬁgured The faﬂomng outhnes one approach,
which is smnlat 1o the process used for the EPRI/Duratek pﬂot tests. Tntx,aieci confaminated -
water is contacted with a bed of solid sorbent material. Tritiated water is preferentially : adsorbed'
as water of hydratmn, and the tnhum-depleted stream passes through the bed. This loading

- process is conducted at near 50 °C. The process typlca.lly involves mitltiple columns that the
. waste flows through in'series.. The number and size of the columns is determined by the flow .
- rate and. demred tritium decontammaﬁon factor: - As with most adsorptton and ion exchange .
: processes, tritiated water adsoxptlon on the sorbent bed is'proporticnal to feed concentration and
o bed Volume fora spec.ﬁed dlameter colmnn. In: theory the feed sn'eam can be decontammated
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) 1:o esseﬁna}ly any deﬂred tntxum leveI if enough contaci stages are prowded. HOWever the very

. limited data currently available suggests that removal e:fﬁczency and sorbent C@aczty dropasthe -
o -mtmm concentratxon is reduced. e , '

As the sorben't becomes Toaded, tm:mm coneentratxon m the dlsoharge stream increases. When .
} sorbent in 3 column is no Ionfrer eﬁectwe the cohm is ‘:aken oﬂhne and the ’oed is regenerated _

~ inplaceds foﬂows*

o e Free water 15 dlamed ﬁom the bed amd recycled back o the column s mhated water feed

' ': The sorbent bed is: heated to amodemte temperature {80-to 12(}"(3) to remove remammc

mterstitial water and some. hahﬂy held hydration water. This water is also returned torthe -

colmma’s feed tank for réprocessing; the récycled waters constltute approxmaiely
50. percent of’ the feed-ﬂow strearii. . '

"'« Finally, the cohmm is higated to abeut 160°C and the more strongly bonded water is _
swept off the resin as water vapor Thxs stream, confaining the bulk of the tritiated water,
_ is ahsorbed in a solid molecular sieve bed (dryer) oris condensed and collécted as hquld '
" The absorbéd or-condensed waier 1§ expected fo be a small fraction of the original
volume of feed and contgins an élevated Jevel. of trifium; compared 1o, the feed. Gas from
the dryerlcondenser is. recycied to a heaier for reuse. I

It addmonal Volume reductaon of the: tntmm concentrate is needed it may be rerun;’ through the
' sorptmn proceess usmg the same or auxﬂ:axy colummns. .

. Afterre; oeneratxon, the column is pIaoed back mto semce for anoiiher cycle.- Cycling with 'the; '
- most recently regenérated column as the final coliunin in the series Would typically be usedto
maxumze colunin loadmg efﬁcmncy and removal of witum,

32.1.% Proeess Development and Evahlatxon R

=PIocess development and testing work on sor'bent based tritium separatlon has been performed

by MSI, Washington State Umversxty, Clemson Environmental Technology Laboratory (Jéppson
etal 20(}0} and Duratek . (EPRI 2002). The Clemson tests. demenstrated tritium yemoval in”

bench scale sorp’aon colmmls. Subsequent testing was'sponsored by EPRF and perfoimed ’by _

Duratek (EPRT 2002) Static contact beaker tests were performed, which demonstratéd. .

. depletion of tritium: from ‘water that was contacted with the sorbgnt. Thisis assumed fo have -

‘resulted fom preferenuaI adsorpuen of tritiated water on the sorbent. In the most favorable case.

' reported, when 20 ml of tritiated water was. mlxed with 10 L, of sorbent the measu:ed tritium
' concentranon inthe Water dropped ﬁ'om 5. 44 to 3 32 prme (38.87% Ieducuon)

The foIlowmv calcula.tlon ﬂlustrates the dl_fﬁcul’cy of this separailon compared thh ion exehange
i pmcesses typlcally used for water treatment.- A’ useful way {0 chara.ctemze sor‘bent performance
is with & dxsmbunon coefﬁ(:lent (Kd) deﬁned as foﬂows :

. Kd-f-:-Xsorbent/};sb_luﬁon . . . o C . . . (2)
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Where Xsmbm is the ethbnum concentratlon m the sorbont bed of the component bemg sorbed
and Xsomm isithe correspondmg concentraﬁon in solution of the samg component IFitis.

B assurned that. the reduction in tritium concentration represents tiitivm deposlted onto the sorbent

at ethbnm:n, the ethbnum dJ,Smbutlon faotor (Kd) can- be eshmated from the data stated :

. above as follows

Kd ((5 44-332 yCﬂmL)*(ZOmeater)/(lOnisorbent*3 32, }J.Cl/mL) @
=127

o Sxmﬂar fosts usmg ion. exchange media for ions such as oobalt or cesmm show Kd vames in the -
range of several thousand (EPRY 2002) The indicated Kd Value for fhe tritium sorbent is orders
cof magmmde lower than typlcally found forion exchanve résins. Tlus tesult is consistent w1th

o the relatively low bed capacity and removal efﬁclency seen with.ion exohange column tests.

' .Ad&lhonal statlo tests mdscated sorbent degradatzon may be caused; by 1mpm‘1tles m the Water |

A_fter compleoon of tho beaker tests sax test sorptlon cycles were completed ina pllot plant test
- systemusing a 4.6¢m diametet by 1.7 e Jotig sorption: coiumn with a nomin4l- 125 mlfmin flow -
© capacity.- Three dlffereni Sorbent miaterial formulations were tested for treatment of wastewater
~with about 6,000 j.lCl/L tritivn. . A maximum of two cycles were performed uasing the game bed
‘of sorbent’ matena.l Reductxon of teitinm. Forn the feedmafenai was démonstrated; however, the. - .

‘reductlon i tritium ccmoentratxon was not large’ (<10%) Soms process problems were.”

' encountered, and-one of the' sorbents had problems with physical breakdown. Thé process o
" developer indicates that problems have been resalved and the process is ready for - '
- rmplementaﬁon (St. Genis 2003) : :

. Sorbent testmg has been reported with trltaum concentratlons ’oetweon about 300 0{}0 and - »
* 6,400,000,000 pCi/L, as compared with Hanford waste concentrations between about 20; OOO and :

30,000,000 pCi/L. The limited available pubhshed data suggests that: sorbent perfonnance .

. teyms Of percentage removal efﬁmency and: sorbent capacﬂy is reduced at Iowe:r tritium
concenf:raﬁons '

- - An mfonnatlon brochme prowded by MSI prowdes the estlmated treatment cos’ts hsted in Table

1 ané also mdlcates that Calcron Carbon Corporanon has teamed Wlth MSI

Table 1 MSI Sor'b enit Based Water Detntlailon CostPro] ecnons (MSI 2003)

" WASTE WATER - 'I‘REATMENT COST VERSUS TRITTUM CONCENTRATIO\T
 VOLUME - REDUCTION = | |
. 16-}-@1&3&@6@‘ | 100 Fold_Reducuon | 2000 Fold-Rodocfion' ]
. 100000 gallyr | *ﬁ_fs_ég'oo/gai |  §T00a" | $1L.00%gal
. 1,000,000 galiyr | $4.00/gal $5.00/ga ST.00/glL
© 5000000gal/yr | $37sfgal - 1 sasoga (ot provided)
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. The cost pre;ectrons mclude eqmpment, sorbent, and. operatmcr Sosts but do not inchide 1and, site:
B preparauen, or handlmg and dlsposal of the’ concentrated tritimm: product The costprojections ©
wére also-based prirparily.on data from tests usitig trittunn concentrations hi c‘her than iypical of -
‘Hanford-wastes. (St. Gefils: 2003) Test data indicats reduced perforinance atlower - "
concentratlons S0 some Increase In cost: might be expected for fhe Hanford case de];Jwendlncr on the' '
speelﬁc waste stream to be treated_ N ,

- 3.2 1 3 Apphcanon at the Hanford Slte.

Proof of principle’ tests show that. the sarbent selectwely Temoves tntlated Water fmm light water, -~
however the o¥erall process currentiy lacks-documented 1arge seale demonstration. The L
' developef Hias teaméd with a‘major industrial Waier trea‘cment company and beheves that the
.process is ready for nnplementaﬁon : - T

Afeed specrﬁeatlon is hot avallable for the- sorbent and the effects ef various potentlal feed -

. -impurities are not known. The sorbent is likely susceptrble {0 competing jon exchange and may

" be subject to degradative attack by wastewater impurities.. The sorbent could be occluded with

-, colloids and wonld adsorb certain otganic - compounds:if they were present in the feed stream,
which would reduce. the overall effectiveness.. Preferably, water to be treated for trifium removal
‘should have alow: Jevel.of othier fmpurities, but the required. feed purity has currently f10f been .
defined. Full charactenzanml and possibly testing work Weuld beneeded to detenmne 1f
__ addmonal pretreatment is’ needed for spemﬁc candldate Waste streams ‘

_ In summary, there are currenﬂy a mrmber of unk;a.ovms assoela‘aed wﬂh the technology, ané the

' tréatment cost: proj jections appear, relanvely hi gh for treaﬁng bu]k quantiﬁes of Ha:nford
wastewater with trace tntmm comammatlon. ' L :

32, 2 Oth’er i)evelopnieﬁral' Processes

‘ | Earher evaluauons mcluded addltmnal developmental technolo gies. fer separatlon of hydrogen .

o isotapes, mcludmg Membrane medrated sepa.ratron, laser induced frifium separation, Kinetic: -

isotope effects; and variations of the dual’ temperature liguid phase cafalytic exchdnge processes.' :

. No significant developments were 1dent1ﬁed for these processes, and mo: BEW: proeesses thatare .
. - potentially applicable to Hanford: wastewater werg 1dent1ﬁed m the eun‘ent rev1ew See earher R

evaiuation reperts for mformauon on these processes

: 3 3 OTHER 'I‘RITIUM MITIGATION TECHNOLOGIES FOR WASTEWATERS

- There are several concepts for delaym movement of trmum contammated groundwaier plumes.
L thereby maximizing the time before contammated groundwater reaches site boundaries. ‘These.
*. concepts are based. upon’ the factthai tritium decays with & half-life of 12.3 yeas, Other'methods
_ mvolve evaporatlon or mcmeratmn of the tnttated wa,ter thh releases d.lrecﬂy fo the atmosphere

3120



- DOE/RL-2004-11
: Revision 0

-3.3:1 Pump and Recharge
"I‘he pump and recharde ooncept extmcts tntmm contelmnated water ﬁ-om the ground and

: -recharoes it-at a Jocation where the mwement of gromndivater will take Ioﬁcrer forthe
- contannnated groundWater to reach site boundaries. Treatment to remove cen’tammants other

IR _- ,-’chan mtmm may be perfonned pnor to recharge

' The concept can Work effectwely however there isa sxgmﬁcant drawback to ﬂms methodology

" Dueto natural techarge of the. contamma‘ced aqeifer, the voliriie of wasteto be pumped and -

recycied may ‘continually increase. And, as the.volume bemg extracted and recharged increases,

the pumping system reqnﬂements STOW. each year Theréfore, this treaiment metho dology should o

| - usually be combined thh methods to mmumze the natu;ral recharoe to the aquer L

The concept was used at the Savamaah Rwer Slte be‘oveen 1998 and 2603 and at Brookhaven '
National Laboxatory between 1997 and 2000.. The 1999 evaluation Teport: (Ieppson 1999)
" discussed in detafl the niethods. used at Savamlah Rwer and at Brookhaveﬂ Therefore the.
mformatlon will not be repeated

' Pump and recharge at the Savannah szer SIte was stopped in m1d-2903 because of the hlgh ¢ost
- of groundwater treatnierit {$0 012 per L or $0.047. per gallon) and. aboui a.50 10 70 % reduction.

I -of the trifium- concentratron (up 050,000,000 pCUE or 10 times the Taximum tritium

‘concehtration in’ groundwaier at Hanford) in the. plume:: after five yeéars of puraping and up-.

gradient reohargmb {Flach’ 2802 Blount etal. 2003, Blownt 2003). Opetating cost for the pump--. -

' ‘ireat-recharge was about, $50, 000 per. da.y Pump and recharge at Brookhaven was stopped n -
2000 because the tritium - levels in the vicinity of the-extraction wells decreased to below the' -

' -average minimiim detectlon limit of the BNL. Analyncal Services Laboratory (343 pCiL) (BNL .

20073, BNL 7002b) T.“lle decrease isa result of the combmed effects of: redloactwe decay; -
_-dﬂu‘uon and dlspersmn, :

B 3 3.1.1 Applxcanon at th,e Hanferd site”

. As stated in the 1999 report groundwa’zer pumping at the 20 600, pCl/L eencentratlon front :
“would cover adlstance of over 40 knz (Ji eppson 1999, Hartman 2003). The. large distance of the

- front, thie ruriber of wells which would be requzred, and the large volame of water which, would
have to.be pumped and potenﬁally ireated to meet apphcable state and federal ].umts except for

. . ' mnum preclude th15 concept ﬁ'Om bemg eeonemzca}ly feasible

- An addruonal factor tEIat malces the concept not feasxble at the Hanferd 81te is the mcrease in -
" volume tha’; would need to be pumped and potenuaﬂy treated each year.. Aithough the recharge
.+ Tate is low, the’ ‘additional’ ‘amount of water to pump and pofenﬁally treat each year would

s merease mgmﬁcanﬂy beeause of the 1arcre vol&me of the contammated plume '

3.3.2 Barner Formatmn

: Two types of subsurface bamers have been demonsh’ated at the DDE Sltes The frozen soil .l
barrier concept was discussed fn detail ¥ m the 1999 eva];uatlon Ieport (Ieppson 1999} “The .
mformatlon wﬂl not berepe eated :
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_ Another barrier techaology termied Viscous Liquid Bartier (VLB) was selected by the’
-~ Brockhaven National: Laboratory for groundwater remediation, - Groundwater monitoring near .
the Brookhaven Linear Accelérator Isotope Producer (BLIP) showed tritium and other .
radionuclide contamination had occurred before 1998, The VLB technology was developed at
: ,Lawrence Be:rklay National- Laboratory wﬁh funding from DOE (EM=50). It used Iow-pressm'e
permeation grouting 10, dehver a colloidal-silica gront ta the subsurface. The groit gels inplace -
~ and forms:a barrierito hqmd movement. “The VLB in conjunction witha gunite cap avound the

- surface $6il of BLIP wouldminimize the volume of surface Wwater percolanng through- the

- contaminatedsoils to the groundwaier The'estimated volume of soil to be treated is
apptoximately 85 m’, Preb.rmmazy modelmg results showed that if the flow rate though the
activated soil can be reduced to lessthan 1 cmi/yr, short-lived i 1sotopes including tritium will not
' reach the aquer at. lesrels exce:edmcr the drmkmc water standard (Helser et al. 2000). -

' The VLB mstaﬁatmn was- completed in 2000 at a cost of about $436 (}OG morth Abbot 2004,
"Heisér ¢t al. 2000).. The costincludes site characterization, grout compaibility and optimization .
testing, nodeling, and barrisr integrity verification and some planning documents. Accordingto

groundwater monitoring data, the actions ‘taken to-date have been highly effective in eliminating .
© the BLIP source of groundwater contamination. Retent data oni-groundwater and soil coﬂected

: &mmg and after mstallatmn of the VLB indicate that groufing displaced soil pore water
*contaminated with’ it mto ‘the: gt’omldwater. ‘The Tnaximum tritivm concentration in
groundwaier mcreased {05 0 000 pC/L From 1,000 pCi/L after grout injection.” This Limited -
fritium reléase is expected to'be a one-time event and to dissipate qmcldy into the aquer
Evaluatmn of bamer per£0rmance is contmumg (S uﬂlvan 20{}3) '

3.3 2 1 Apphcatmn at, the Hanford Slte
Apphcaﬁon of the s0il bamer technolo gv is not economically feasible for tritium remediation in - -

bulk groundwater. because of the large volume of subsoil that wculd havetobe ﬁ'ozen or mjected
Wlth grout The sazl at Hanford is also dxfferent. : "‘

. 333 Si.'ate Approved Land stposal Slte

The SALDS is located 31131’ north of fhe 200 West Area on the Hanford site and. becran receiving
© | ftritiated wastewatermDecember 1995. The SALDS receives efﬂuents from Effluent Trea.tment

Facility- (ETF) pmcessmg of wastewater. The ETF treated wastewater meets all ap;)hcable state .

: -and Tederal limits-exXcept for trithmm (Ecology 2000) ' The majority of the tritium ¢omes. from.
" processing liquid mixed wastes from single-shell and double—shell underground storage tanks
_--and other radmactwe m1sce11an,eous wasigs from the; Hanford site. The waste discharge to
- SALDS'is based on the ¢ average monthly flow and. past performance allowed by State Waste
S Discharge Penmit. ST~450&. _The permm:ed average monthly Hlow rate 1s 0.25 million ga]lons per
“day orup to 90 mllhon gallons peryear. - : .

The ST—4:>00 permit conchtmn S.10 requires a tntmm trackmg and groundwater momtonng plan.
. " The DOE has agreed to monitor the tritium plume created by ETF discharge and updste mode]s
. used to predict travel time to the Columbia River. Sée Barneit et dl. (1997) and Batnett et al.-
.. (2003) for dlscussmn of modelmv and momtonnc results :
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. The ST—4500 permlt mdlcates that previous computer model resylis predlct tritium beanng
effluents discharged 6 the’ ground at SALDS will take an extended period of time to travel with:
groundwater beneath the Hanford site before ultimate dlscharge to the Columsbia River. Models
and dischatge scénarios mdmate that tritium 2bove the drinking water standard will not reach the
Columbia River i detectable quantities. (Ecology 2000) Durmcr the Jong residence time ini the: .
aquifer, most of the tritium witl decayto non-radloactrve hehum An update to the earhar mode] -
calculaizons is planned for thc near futm'e o

' -D;scharges to _the S_ALD_S are listed m.Table 2 by date, vquine,’ and coné?ntraﬁqr;’ of tritinm.

Tab};e 2. Tntlated Water stcharges to the State-Approved Land D1sposa1 Site.

Troos 1+ 2237000 “sonooo] . 6200000) . 138
11996 - | 28,630,000 7,564,600 | 7500000 - 21as
L F1997 ) a7A45000 ) 15,177,000 o 610,000f - 351

1998 | “107,195000| ©-28321,000{ . 290000| = 315

L1999 ] 88,266,000 - 23,320,000 - 100,000] 895
P00 | 91306000 24123000 230,000 211
“ 2001 |- 98;353,0001 25,985,000 6000{ . 0.1

20020 T 23367, ooo_." 22,071,900, 105,000 838

2;'003_— ‘95 655,000 | '.-25:,830;_00053' 43,000_ 425

% The annual average mtmm concentra‘non is nusleadmg becanse most years the
- majority of the tnfwm comes from waste evaporanon campaigns at the 242-A°
B 'Evaporator which is sent dunng a one to two.month pétiod. For example most of
the tritium for calendar year 2000 was from 22 monthpenod, with the maximum. -
-average monthly concentration bemg 234,000 pCifL: ‘The majority of waste water
to the SALDS is from treatment of Operabie Unit UP-1 groundwater wlrnch
_ normally contams Iess than 1 000. pC]!L of ‘tl'lttum.
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' 3 3.4 Evaporaﬁon

One: appmach for dlsposmcr of Wastewater and: ground water is evapomﬁon Wlth dlspersmn into
_ the atmosphere Potentxal evaporatzon methods mclude EA :

' ; Boﬂmg or- Mechamcal Evaporaﬁon A vanety of mdustnal eqmpment is a“vaﬂable for
- evaporation by boiling, including ¢conventional indirect contact: fypes (boxlers
evapora:tors) and direct comiact types (for example mcmeraxors)

e Solar: evaporat:on Use of sola;r heat aﬂd movcment of mr to evaporate water.

. Contact with an air stredm. For example air can be bubbled ’chrouah the water or water
. can be sprayed mto the air.’

e Phytoremedlahon Plants faké in fhie con‘cammated water through their roots and the
© " majority of the water (including tritium) is evaporated. A Fraction of the iritium is also.
retained in the plant matteriuntil it decays.If the water sogrce is at or néar the. surface,
- the plaut fhay rethove water dlrectly from the source.- Altematvely the water may be
pumped to the plants (e g the’ contammated Water is used for mlgatmn)

‘Three evapora‘aon ‘methods (Solar Evaporatmn, Imgaﬁcn, and Mechamcal Evaporanon) were .
considered in the' 1994 Hanford Site gvaluation {AHen 1994). Of 11 tritium imitigation methods .
.evatuated, the' above three 1ecewed thie Jowest rankmgs (Table 7-1 of (Allen 1994)). As
" discussed in'the following; mcmeration and phytoremedmtmn have recently been seIected at
- other DOE 51tes for dlsposal or mm C,ahon of wasiewater with trace fritium contammaﬂon .

V3.3 41 Phﬁoremedmtmn _' .

- 'Phytoremedlatlon 18 the process of usmg plants to remed1ate contammated areas; both 5011 and ©
- groundwater can'be remediated: The' processis bemcr used at the Argonne Na’aonal Laboratcry
. andthe Savannah ijea: S1te for mhated Watcr o A , .

: Inphytoremedlatmn 'ﬂ:le plants take up nutnents from. the contamnated 5011 and tise the
- - containinated water fo grow. " The p‘[aﬂ’cs can breakdown trap and hold contamindnts in the
leaves and/or stems, and transplre the Wwater into the at:nosphere as pait of the natural pla:nt

l o g,rowth ‘The processis only. good for near surface contammation, shallow aquers, and:

- irrigation.: The. transport of waterin soﬂ and vegeta:tmn and accumulation of biomass in the -
- forest trees are considered the most nnportant physical, chemical and biological transport
-processes. for estimating pmﬁuonmg of i isotopes to vecretarwn and the amount of fixed tritium in
" - aforest that has been expo sed: to tntiated 1mganon Water (Dza’oate ami Sn'ack 1993 , Murphy
1993y . o ,

. The tu.rnover time of tritiated water in the condm:‘c:lncr outer Imgs of the roots and stém and in the

. - leavesi is:on the order of hours to several days The mmover fime of tmuated Water intheinmer, .
. older rings of the Toots and stem is on the order-of days 10 years. depeudmc on the size of the tree.

‘Approximately 60 percent of the tritium fixed during synthes1s will rernain in the bjomass untit

. released by decay or combnstmn after death of the tree.. The remaining g 40 percent Wﬂl be

exchancred with hydrogen mwater (Blount et al. 2003)
36
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_ Phytoremedlaimn at Argonne Nanonal Laboratory is bemg performed on a site. that is
. contaminated with tritium. However, the concéntration of tritiumin the groundwater roeets the.
J dnnkmg water limhits:at the current time, The pnmary Ieason for perforxmnc the remediation is -
. 'to:stop the growth of the grotmdvvater plume, and remiove other contaminants that-are in the soil -
_and groundwater “The trifium is‘assomed to be transpued in the safme concehiration as ifs - :
* concentration in the gfolmdwater (Negri 2001).. Ofpnmary interest is‘mot that tntx.ara is bem.c

o 'treated, but. that. the phytoremedxauon was désighed so thatin a few years, the rate of -

- transpiration: -of the water will miatch the natm‘al recharge io the aquer “This will essentlaﬂy
. - stop the movement of the contammaimn plu:me {Quinn et al. 2001),: Work-on phytoremedlanon s
" has contmued at Argomle Na&onal Iaboratory, anda report covenng results is to be 1ssued early '
in 2004 (Neon 2093) _

 The phytoremed]anon pro;ect ai the Savannah River sﬂ:e with rega:rd to tntmm is 10 reduee the L
-volume of water (natural recha:ce) reachiity the eontammated aquifers and rediice the volume of -
contaminated Water reaching the-surface Water sources: . The reduction- of recharge and the
remioval of watet from the aquifers via the plant roots increase the tlme for decay of the tntmm
iwhile it is:stl in the ground. Although this will result in tritiated. water being transpired: inte the
: atmosphere this' remediation misthod was considered acceptable at the Savannah River Site
~ “because of the d;mstance 1o the pearest populanon center- (Sullwan 2001, Blount et al 2003) The
potential maximum exposed mdwzdual off site dose'from 4 tiquid release of 1200:Ci of triftum to |
the Savatinah River is twice the dose for aa aitborie release of 1200 Ci of tritium. ({) 0060 mrem

" “vs (. 0[}2? mrem) “The total- hqmd pathway populatlon dose’ of 0 ZQ person—mrem is. essentlally c

the same as the aarbome-pa‘rhway populatxon dose’ (Blount et al ’-’003)

A shee’t plLe dam for eollectlon oﬁW&Ier md forest zmgatton system was, mstailed;u‘i 2000: and

- 2001, respectwely, {for tritium remediation at a-cost of about $1,500,000.  Tritiated water belnnd
the-dam is nsed forifrigation of25 acres of natural forest pines'and hardwood trees located

: upgradlent of he seeplme The irfigation sapplements natural premp1tat10n and evaporatxon
‘Annual operanng cost 15 aboitt $500,000 and about 7,570,000 liters. (2,000,000 gallons) of
tntlated water Was used for m’xgailon of the ferest i FY 2003 (Blount 2003) o

- ) '3.3 4, 2 Apphcatlon at the Hanford Slte

L Phytoremedlatxon does nét meet the needs of bulk ground water elean up at the Hanford site .
.- because of the aguifer depth: Insufﬁment oxygen in the soil usua}ly prevents root depth of plamis
-, and tress grovvmcr below about1:2 m where most nifrient absorption occurs. Somie pines found

e in Texas and migsquite (Keawe} have beén k:aown to send roots penetmtmg to depths of3 m, and R

24 m zespectively (schnene et al 1989).

- Table3 shows the maxmum tn’tmm concenn’atxon a.ud depth to groundwater Depths range”.
‘between 20 m and 100 m except at the Columbia River shoreline.- Alse, phytoremedlatzon for _
niinimizing water entéring a contaminated aquer typzca]ly uses 61fh€1‘ hybrid‘poplars or piné .

. frees.” Ne1ther of these types of pla.nts would be amenable 6 the natural envitonment onthe . o

.. Hanford site: “The 1994 tritium technofogy's evaluatlon scored m‘icranon (phytoremedlanon) as the
- poorest based on relahve cost and nsk (Allen 1994) ' L
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o Table 3 \&axunum Tntmm Concentratmns and Depth to Water at Hanfordl

Area Mammum’l‘nmunconcentrahon pCv"L T Depﬂw,toWaterm o

Cwen - | Shorelme

Ciomc | s0ew | asee | <iw30

100D . 4. 16300 - | - 29400 | . . <1to2s

0H 60 |- 1245 | C<ldol2

100F | s | 1470 0 L <ltold

00k | sssee0 . | . s1s0 | <l

C100N 1 39300 0 - | .2150 . | >1tedl

200w - | weseges [T - | 5060100

200E | 4176000 | 58400 - | - 6510100

. 400 ‘. : - 13’0"00 X e ISR 45 tq.SO-_-

300 B -- ; .12'310.0_ - ) — -,. 1 A-<1't018'

'3001=Ii*-5 o a@segee |- L <lelg

1100 B . M |- 2130

. Notes: 1) ' ,Sow;ce of mfurm:&tmn is Hartman {2003) Concentratlons i hold type exceed the dm;km=, water
e standard(MCL) of20 {)OI}pr'L(O 020pC1/L) .

2) Shorelme sampimc includes aquer samphﬂg tubes seeps and shorehns wells since the Fa.ll of
. 2001, TheZGOEarcaphmmsmomtoredatﬂeranfordtownszte. E
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o 3 3.5 }ncmeratwn

L Incmerauon or dx:rect contact mechameal &v apomtlon provides a eentrelled and meamlrable

. Theaps of. dlsposmg of ritiated water though a stack. The Brookhaven National Laboratory used

. aow flow pumping ystém to temove the Iu,,hest concentrations of tritium froim the agnifer -

" south-of the High Flux Beam Reator.: Approximalely 340,000 liters (90, 000 gallons).of tritiated |
water (500,000  pCi/L) was transported to Oalridgs National Laboratory for disposal at the GTS

.- Duratek mcmerater. Tmmparfahon and off sité dlsposal cost of the iritiated groundwater was

., . about $5.30 per - liter {820 per. Uallon) Low flow pumping,: transpertanon, and mcmeratlon were

B ~ stoppedin. early. 2001 after ¥ removing the target 0.2 Ci-of tritipm from the aquer ‘The DOE at

- Brookhaven fnade the declsmn to dispose of thetritiated groundwater offsite rather than
construct and Operate a treamlem famhty at Breokhaven (ROD 2000 Hauptmann 2003)

' 3 3. S 1 Apphcatmn at the HanfardSIte :

Mechamcal evaporatzon of trltlated water at Hanford was Studled as an altematlve to the SALDS

L (Brown 1993) and as treatrient method-of tritiated Water disposal in (Allen 1994} ‘Brown (1993) .

developed a Toligh order of magnitude cost estimate of $38,145,000 {inclddes project and 30yr
- operation and maintenance costs) for tnechanical evaporation-of ETF wastewater and showed it
~. cost eon51derab1y more than other dlsposal altermatives. Air dlsposal of ETF wastewater would. -

.- impact site air emissions zmd effectlve doseto the on«slte werkers and offsﬂe pubhc Air’

- d:sposal teceived a very low rankmg among tntw.m mmgatlon optlons evaluated m the 1994
repert (Allen 1994). - : : .

3 4 RELATIVE COST OF IVIITIGATION OPTIONS

Costs for optme.s to mitzﬂate tﬂtrum in Hanford waste water Wﬂi Vary substanuaﬂy dependingon -
the technieal process option s selected. Costs can also be expectéd to vary substantially- dependmg s
on site spemﬁe angd project’ speciﬁe factors.. Available cost estimate information for various *

technologies is identified in the sections that-discuss those technoleglee I most cases estimates .7 L

have not been developed for speclﬁe Hanford treafiment scenatios that might cun‘ently be .

. considered. To ‘develop morc. reliable cost estimates; spec:ﬁc scenarlos wonld need to be

o deﬁned, mcludmcr wastes to be u-eated or: oﬁlemse itigated, Iocanon, capacity, operatma

.. -duration, apphcable state and foderal reqmrements for treated wastewater and concentrated ©
- ,product, gtc. Despite these limitations, sonde general comments o1 reiatwe cests can be made as

dvs.cussed be]ow and summanzed in Table 4 ' , : .

Separatlon is typlcally the most expenswe overali mltlganon option.. Fot.a large base—

L load type faeﬂlty operated almost. contintiously, sized to treat the full stream currently
. dischargéd to the SALDS, and designed to reduee tritium confent below thie drinking
Wate:r standard the total treatment cost (eapﬁal, operation, utilities, and other project -

costs) i is expected to be inthe'rangé of dollars per gallon, likely at least several doflars pef L
gallon. The CECE, Bithermal. I-Iydmcen»Water and Girdlér Sulfide Processes all appear

10, be viable candidate separation processes. -Avajlable information is nét sufficient to

- dgtermine a clear preference or ranking among these tritium separation processes. The'

: préferred opﬁon may vary dependmg on power ‘anid steany costs, plant capacity, and baSe
load versus cychc or campa1gn type operatmns and other seenauo/ 51te speciﬁc factors If
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‘ develop ed successfully, the sorbent based processes dlscussed in Seetro*r 3 2 1 may also . -
‘be cast competitive with those listed above.. However, based on-current available - -
information; sorbent based processes do not appear to offér a major breakthrough that

. will srgmﬁcantly reduce cost for tritium:separation from wastewater. -If developed -
- successfully, sorbent basedprocesses could have some advantages in terms of ease of

" operatmn, portabrhty, and safety. - Lo : :

For separatrons optzons that produce a concentrated tritium product Optmns for handhne,, o

- _storaoe and drsposal will swmﬁcanﬂy affeet tctal cost, .

‘. Cost estlmates prepared to support selectron of the current SALDS optzon suggest that the R
.- - cost for mechanical evaporation will be on'the- order of tenths of a'dollar per gallon, while - -

" costs for crib drsposal (current SALDS approach) are on the order of cénts per ga.llon.

**(Field 1991), (Browst 1993); These estimates were based on the assumptwn that the full —
E stream currently dlseharged to SALDS WouId be treated ‘- .-

: The cost for ail mltlcranon optrons vl tend to increase m terms of dollars per gaﬂon for
. -smaller pmeessu'r_7 capaczty and mterrnrttent operauon

. Costs for water treatment at existing Hanford site pump and treaf pro_} ects provrde
.. additional perspectivé on’ typzcal wastewater treatment costs. Hanford 100 area pro;ects -
" and contaminants tefoved are as foliows: 100-HR-3, hexevalent chromium; 100-KR-4; : - -

" hexavalent-chromiym; and 100-NR-2, Strontium-90.” Fully burdened treatment costs for - - .

- these projectaveraged about $.05 per gallon fof the six years ‘ended in 2002 (see Sectron._- B

L 5.0.of Kelty et al. 2003).. Hanford 200 area projects and contaminants rémoved are as

: follows -200-UP-1, irariium, technicium 99, carbon tetrachloride, and nitrate; and, 200- B )
. . ZP-1, carbon tétrachloride. Fully burdened treatment ¢osts' for these projects averacred -
- .less than S 03 per crallon for the six: years ended in 2002 (see Sectmn 4 0 of Erb et.al.
- ‘2{}0::) : o

e Costs for Opt}.OIlS such as pumpmg, underground bamers and phytoremedlatron are '

T hrghly site specnﬁc

‘For mmca‘ﬁon of relatwely srnali volumes such as treatment or relocatmn of a relatwely‘ S

- ;F-"smaH-VOIume high-concentration wastes; mmganon progess costs (equipment, and
;7 ,operation) are Xkely to be’ overshadowed by other project costs suchas waste” - -7
“.’characterization, encmeermcr tech_nolgcy deVElOpmentfdeﬁmtron, safety evaluatlons an d: S SR

L approvals penmttzng, and overheads

! 'For waste water that is already in the ground it appears obvmus that decay in. place

s e - (simply leaving it there) is the lowest cost option for fritium miti gatr on.: For wa.stewater
" discharged from the ETF, continued:discharge to ground water via the SALDS ¢ .

'-,undoubtedly the lowest cost mitigetion optior. The {ritium coricentration in groundwater .

) O ‘will gradually drop due to radioactive decdy and dilution.: For the contamination Jevelsin - .
o SALDS discharge apnd in groundwaLer idenfified aiHanford, decay alone will redrlce BRI
- _'trrtmm concemratlons below the dnnkmo wa;e’r standard in less than IOG yea.rs RN
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Tabie 4 Relatwe Cost and Efﬁc1ency for Mtlgauon Approaches
Mmgatmn | Typlcal Efﬁczency Cost Iﬁfcrmahon Comments
- Appr.oach - Ioplement- . |
: ) Tl ‘ Catiorior -
Technalogy :
Separation . fCECE | Efficienciesto - | For large base load ty’pe:__. Handling and
{treatmeént | bithermal  {meet drinking facility costs expected to | disposal of
.. |bydrogen, . |waterstandard ' | bein dollars pergallon - | concéntrated |
1 @GS, sorbent. . | demonstrated for. .| range. Increased by | tritium stream
' . | CECE, éxpected | smaller size, intermittent | willadd .
. | ‘4chievable by operdtion, or short. *. ' additional costs
'} others with - .| operating life. : '
sufﬁclent stagmg.f' S
Decay .- | Discharge to- ‘Efﬁczency For large volume ' Current SALDS
o slow moving ‘| determined by ‘operated over along | _approach
B ground water | travel timefo~ | period-of fime (such as.
viaCribor | release point. : SALDS) cost expected to
. | percolation - | Models predict .| bein cents per gallon -
. | pond acceptable. .  Tange - i e e
I ';efﬁclencyfor , -
SALDS
" .| Decay  Upgradient - | Site specuﬁc and Costs aré site specifié Does not appear
. pumping, . | highly variable | and highly variable.” - |applicebleto
-} batriers, or - "~ | Massive bamiers to Hanford dueto
reduced ' control ground water | large arcas and
inflow to - movement at Hanford: large perimeter
deldy release | judged economically - |
_ o " linfeasible -
| Mechanical | Beiler, 100 % of tritiated - | For large volume base Rated very
. |:evaporation | incinerator | watercaibe load typé facility costis | poorlyin initial .- |
. ' evaporated - -+ " | expéctedto beintenths. | option .-
S |ofadollarper gallon | evaluations "
range. Expectedtobe. | O
much higher for stnall -
volumes =
“Natural” ~ { Solar { Sélarevaporation - Costs are site spec]ﬁc " {Rated very -
| evaporation "| evaporation, | could evaporate and: h1ghly vanable . poorly in initial |
' - | evaporation” | éssentially 100'%, optien -
| by plants, others highly _ 1 evaluations .
mgatlon |variable ’
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