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This reporicontains the2004update evaluation of separation technologies a'ndother mitigation 

· · techniques to c;onttol tritium in liquid e.ffluents and groundwater ~t the Hanfor.d site. A thorough · 
. . . . . 

literature. revzew was ~ompleted, cznd national and international ex/erts in the field of ti-ititfm 

separation and mitigation techniques were consulted. Upd~ted information on state-of-the-art 
. . . 

teclmologies io addr~s (he controtof tritium in wastewaters was id~tified and described. . This 
' . . . . . 

report was prepared to satisfy the Hanford Federal Facility Agreement and Consen.t Order (Tri-: 

. Party Agreement) MilestoneJ.,f-26-07 A (Ecology, EPA, andDOE f996). · Tritium separation and 

is.olation technoiogies are evaluated periodically. to determine th:eir feasibility for . 

implem€tlltation to controlHanfordsite liquid effluents and gr~und~aters to meet the U.S. Code 

of Federal Regulatio~s(CFR), Titie40 .CFR 141.16,drinking.watm-maximum contaminant level 

(MCL)for tritium of20;000 pCi/L and/or DOE Order 5400.5 as low as reasonably achievable · 

· (ALA.RA) policy. 

Objectives of this ev~luation were to (i) itpdate status of potentia}ly.v.iabfo tr.it#tm ~(Jpgr_c.rffqns 

. te<;hnologies with regard to redudng tritium concentrations in current Hanford siteprocess 

watersand existi~g groundwater td MCL levels and (2) .update ~tatus of control.metho4s to 

prevent the flow of tri_tiated water at conce~trations greater than the MCL to the environment . . 

Since the 2001 Hanford Site evaltLation report there have been a number of developments related . 
. . . . . . . 

to tritium separation and control. with potential application in mUigating tritium contaminated 

· · wastewater. These are priniarily focused in the areas of]) devel~pment ~nd demonstration qf 
. . . 

catalytic processes using hydrogen/water exchangf! to separat~ tritium from water, 2) 

development ofci. sorbrmt based process to separate tritium from water, 3) evaporation of tritium . . ... ·. . . . . . . . .· 

contaminated water for dispersion i~ the ptmosphere, . and 4) use'of subsurface barliers to ·. . 

minimize the transpo11 of tritium in.groundwater. 

Continuing development efforts for tritium separations prociJsses have been primarily to support 

. the internation.ai fusion reactor program and the nuclear power industry. While t~ese are · 

significantly diffe~ent than the Hanford appiication, the technology co11ldpotentially be adapted 

for Hanford 'fiiastew~ter treatment In the a~ea of catalytic hydrogen/water based sepamtions, . 
.. . . . . . " . 

·. improved processes have imdergone successful demons{ration by Atomic Energy Canada .· 

Liftlitedf AECL) . 
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.at the ChqlkRiver facilUy and also (lt the Combined Industrial Ref;rmtng and Cat~lytic 
. . . . . . . 

Exchange (CIRCE) Proiotyp~ Plant located a/Jiamilton, Op.tario Cqnada. Similar processe~ 

. are propo;ed for: i'nsta#ation at t~e Joint European Torus (JET) facility op~rate4 by the United . 

Kingdom (UK) Atom,ic£.nergy Auth;rity cit Cillham Oi.fordshife, UK a~d at the pfop?sed 

. . International 'J'hermon;clear Experimental React;r (JTER) facility. 

. . . 

Tr~tment proc~sses to reduce tritiu~ leiJ~ls below th~ drinking water MCL have not been 
' . . . . . 

demonst~ate4for.the scale and conditio~s req.uiredfor treating Ha1iford wastew~ter. In addition . 

. av~itable cost information · indictzies treatment costs for such processes will be sitbstantially 
. . : . . 

higher than for discharge tq SALDSor other typical pump and treat pr~jects at Hanford. Actual 
. . ' . 

. mitigation;projects for groundwater with very low tritii,m contamination similar to that found at 
. . . . . . . . . . ·. 

Hqnford have focused jnainly on. controlling migration and on evaporation for dispersion in {fie 

;atmosphere. Phytoremediation (use of plants) has .been·applied to remove tritium c9ntaminated . 

ground waterto reduce movement of conta.minated plumes ihat ~ould contaminate surface water. 
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1.0 ·. INTRODUCTION 

Tritium (1) was generated as a by~product in reactor ~el at _the Hanford site by the U.S, Defense 
.. Prpgi:am in mrcleai reactor _ operations from 1944 to _ 198 9; The faille of this tritium was released 
· to· the grotmd from faeJ reprocessing faciliti~ 6n the 200 Areas plateau in the fortn of tritia,ted 
water inproce~s condensates. R.eleases to the groundiiave greatly decreased since the last fii_el­

. was processed through the fuel separations plant in 1989. Tritium in previously ~ischarged 
·. liquid effluents has migrated into the grouridwater, and in some ~ases-foward anq into the 

Columbia Riv.et. Significant tritium inventories remainin Hanford Site grmindw:ater and in 
underground waste storage tanks, spent.:.fuel storage basin waters, and water stoi.-¢d at the Liquid 
Effluent Retention Facility (Jeppson et aL 1997)~ Hanford tritium concentrations are .relatively 

· 1ow (<30;000,000 pCi/L .or 0:0:03 paµsper.:billion bywdght)butininany c~es exceed the . 
20,000 pOi/L dri,nking wc1ter standard (DWS) for trithun '( 40 CFR 14 Ll 6), . Tritium decays vrith 

· a 12.3-yearlialf"'.lire produdng·helium. It is estimated th_at the tritium inventory at the Hanford .·. ·. . . . . .. . . . . . . . . 5 . . ' . . 
. site from processed fuelh~s decayed to:about 1.4 x 10 Ci to date, l?ased upon decay froip the 
value-in the 1997 teport (Jeppsoriet al: 1997). . . .. 

. . . . 

· Since.1995, a state~approved land disposal site (SALOS) has received effluents from the Hanford 
. site Effluent Treahnent Facility (ETF) that are essentially free of all ccmtaminants eX.cept tritium. 
The majority bf tritilim discharged to the SALDS comes from process q:mdeI1Sates·frointhe 
242-Aivaporator when it is processing wastes from undergrmmd storage tailks, foe} basin water -
stored at .th~ Liquid Effluent Retentio.n Facility (LERFt ~ci other miscelianeou~ wastes. · . . - . 
Discharge tq · SALDS .ulow.s rtaiµral radioactive decay to substantially reduce. ~riti um co_ntent 
before the wast~water enters the . Cohll11bia'River. Computer modeling results predict.a relatively 
long travel time (many times the halflife).for tritium bearing effluents discharge·ci to SALOS to 
reach the Columbia lliver. The modeis indicate that tritium above dnnk:ing:water standards will 
not reacli the Columbia River iri 'detectabl;·quantities: . (Ecology 200Q) . . . . . 

. . . 

In 1991, the u,s. ·nepartment of Energy, Richland Operations Office (Site.Technology . _· . 
. co·ordinatton: Group [STCG]), is$Ued a notice ofthe need to reducetritium conceritr~tions in 
Hanford site :Wastewaters from 2-3 millioii pC1/L to less than 26,000 pCi/L (RL-MW023, .· .. 

. Tech;iologj Needs/Opportunities Statemerit[HSJ' 199 i ]). A Hanfoi-d site f;iscal Year 1999 
Waste Tank Scienc,e Need, RL-WT047,-~ (RL 1999), was issued thai-calledfor identification of 

. viable processes for reducing tritium concentrations m Hanford site wastewater$. 

The current ~eport is one in a series conce~g triti1unrrritigation techrtqlogies. DOE/RL-94-77 . -· 
. (Allen: 1994) provided an initial evaluatiop._ o(trititun:treatment and ~sposal ·options. '.Periodic 

updates on status o.f tritium mitigation technology hirve been pub]islied since that time: · · 
· DOE/RL-95-68 (Allen 1995), DOEIRL-97-54, Rev. 0 (Jepps.on et al.' 1997), DOE!Rlr.99-
42~ Rev: O (Jeppson 1999), :and DOE/Rlr-2901-33, Rev. 0 (Penwell 2001) . . The, current report 
provides ah update ofdeveiopments _in the area of tritium mitigation technology since the 2001 
update. The earlier r~ports .should be COD5Ulted for additional background information that is not 
repeated herein. . . 

1-1 
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. . 

. A -literature search was c<:>ndµcted md experts-working in .the field were coirntlted to update 
information in earlier reviews related to processes for removing tritium from Hanford Site . 

. wastewaters to meet the. drinkmgwater maximtim concentration limit (1:!CL) of20,000 pCi/L. 
Separation processes have been identifie~ descnoed.., and evaluated for application to the -. · · 
Jfanford sit~ wastewaters, including sp¢nt-fuel bash1wat~rs~ ETF effluent, and groundwater . . · 
Other potentially applicable methods for mitigation 9f tritium contaminated wastewater or 
groundwater at the Hari:ford-Site are also discussed. · · · · 

Developnient work sirice the last update report bas continued on separations processes based on 
catalytic exchange of hydrogen isotopes 9etween elemental hydrogen gas and water, the 
.combined electrolys.is· and catalytic exchange (CECE), arid bithermai hydrogen-water processes. 
Catalytic ~xchange technology has been developed arid deini:mstrated primarily for applications · 
that srippbrt the fusion re~dot program an.d for operatic,m 9f heavywi{er moderated fission 
,reactors, hl1t couid potentially be ~dapted for treating large volumes of groundwater and waste 

. water-with trace tritium contamination. However~ the cost 1s expected to be relatively high. 

Tests.of a so~tion based process have demonstrated some separation of tritium from wastewater 
but did not sticcessfuliydemopstrate feasibility of the overaliprocess. . The develope~ of the . 
process indicates problems have.bieli r~s<>l~e:4 aI?-4. tµe process is-ready :fat use ·to remove· tritium 
fromwas.tewater. However, the process 1,acks;large seal<{ denio11Stratioit·aiid available . . . 
information indICates treatment costs are relatively high. . . 

Treatment processes to reduce. tritium levels below the driiiking water MCL have not been 
demonstrated for the scale and conditions required for treating Hanford wastewater, Jn addition, 
available cost information indicates .treatment costs for such processes will b_e substantially 
higher than for discharge to SALDS or other typical pump and treat projects at Hanford. 

Significant new developme~ts and implementation work identified to mitigate bulk wastewater 
and groundwater with trace tritiui:n contamination are limited.to .lctions to restrict or alter 
groundwater movement by pumping or barriers and evaporation for air dispersions :(therrnal 
·evaporation and "phytoremediation'\ ?ruse of plants to uptake and evaporate grouµdwater). 

2-1 
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. 3.0 . REMOVAL AND MITIGATION TECHNOLOGIES FOR TRITIUM IN 
WASTEWATERS . . . . . . 

Section 3.1 discusses industrial processes for separation of hydroge_n isotopes in water. . 
Section 3.2 disi:usses dev.elopinental processes for separating trifrui:n from. protinated w;:itei­
(H20). Other tritium mjtigatfori methods for contaminated water are inciuded in Siction 3.3. 
Availaole information on relative costs is discussed m Section 3.4. . . 

3.1 Th1])USTRIAL HY.DROGEN-ISOTOPE SEP AR.Art ON TECHNOLOGIES 

Hydrogen-isotope-separation technologies used on an industrial scale include processes that 
. separate deuterated water (HDO and D20) from H2Q aricl/or tritiated water (HTO)° froni:" HDO 
and D20, None ·of thesi processes ate used on a large coinmercial-s~·ale for separating very low 

·· concentrations of tritium.. from light w:ater to meet the M<:L concentratioii. Processes discussed 
· in this section would require. s9:ipe work to be. adapted to the Hanford wastewater treatment . 
. requirements, but this is cohsidered to be._a moderate extrapolation from pastSUGCessful ' 
applications of the proce~ses. . . . . 

3.1.1 Water Distillation . · 

Isotope separation by. water distillation is based on the small differences in vapor pressure : ------·-- -. -. -
be.tween water species containing aiffereiit hydrogen isotopes. Water distillation for separation of _ 

. HDO and D20 from112O is a ·sare and well-established -process that has been used on an . 
industrial scale for.many years. Water~distiilation facilities have operated to deprotinate heavy 
water in the United State$,' Canada; and Europe. _ Water distillation also is u·sed to remove HTO 

. from HDO and D20. . . 

Since the process is relatively siinpie and well-established, notechnofogy development 
information was {oun4 beyond that given in theJ999 evaluation report, DOE/RL-99:-42, Rev. 0 
(Jeppson 1999). · · · · · · · · 

3.l~l .1 Process Description 

. The process was described fu detail in the 1999 evaluation report (Jeppson 1999) and therefore is . 
tiot described in detailherein. . . . . ·.· . . .. 

3.1.1.2 Application at theHanfordSite 
. . 

. . . . 

Distillatio_n has not been us~d to treat large voluines of wastewater as needed for the Hanforc_l 
·application . . As discussed in eariier evaluations, the technology is expected to work, however, · 
the cost is expected tobe high. The volatility oftritiated \Yater is only slightly'less than 

. protinated water resulting in the n:eed for a _large number of separation stages: A large refiux · 
· ratio is requiied (about 30) resulting in liquid and vapor flows in the columns that.are about 30 
times the fd~d rate. If steam. is used ti;> heafthe rebotler,-the required Steam consumption would 
be about30 times the rate of.water fed to the treatmentprocess, resulting in bigh costs for steam 

3-1 
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o~ fuel. A new dedii;;ated steam boilenyoti.ld be requited b~ause of tpicertain capacity and 
longevity of the existing ste~ supply system (Ortiz 2003). . 

3.1.2. Combined Electrolysis Catalytic.Exch~n,ge 

. Combined electrolysis catalytic exchange ( CE9E) is one of seve.r:al processes based .on ~e of the 
. hydrogen/wa~er exchange equilibrium reaction (Equation l)that favors formation-ofiiTO wheri 
liquid H20 is ·contactedwithti'.itiatecl hydiogen(HT) gas (~ienkiewicz and.Lentz 1988). , 

HT (g) + H:20 (1)¢> HTO (1) + H2 (g)~ . (1) . 

. A catalyst is required tor the reaction to proceed at an appreciable rate, and development of 
impr~:,ved hydrophobic cataiysts in recent years has been key to commercialization of the . 
process~•. These cataly~ts niayhe useci for CECE and other:processes based on Equation 1. The 
CECE process reqttire~ electrolysis of all feed water plus some cleionized water used for 
stripping ( approximately i .4 times th~ feed flow is eleqtroiyzed). The CECE process has a high 
isotopic ~eparationfacto~·an.d near ambient temperature and pressure·operating conditions. . 

. 3.1.2.l Process -Description 

A schematic drawing of a CECE process is shown in Figure 1. The process consists of . 
cou.ntercurrenfgas/liquid exchange colw:nns with packed, G"atalyst.beds, an electrolysis cell~ and a 
hydrogen/oxygen ie~pmbitier (omitted if hydrogen production is desired) . .A. platinum based . 
solid catalyst is used that has been treated to make it hydiophob_ic (rep~ls liquid_\y~ter). The ' 
water to be treated is added in mid-column. As the water flows 'down,'the tritium is transferred 

. from the stream ofhyd~ogen:tjsini through the col~ produci,ng a liquid enriched in:,tr.iti:um ~t · 
the bottom and a hydrogen stream partially depleted in tritiuni that flows to the upper section of 
the column. Clean water is added at.the top of the columri .. Iri the-upper section, the clean water 
further redUCe$ tq.e tritium content of the rising hydrogen,- resulting in a hydr6geri. stream exiting .· 
the top that is essentially free of tritium. The combined water stream (feed plus added deru1 · 
water) drains. from the bottom of the c.ohmm to an electrolysis cell where it is electrolyticaily . 
split into oxygen and tritiate~ hydrogen gas. The concentrated tritium stream can be taken from 
the bottom of the cql~:µm either as tritiated water 6r.as_trit1ated hydrogen ·gas depending on the 
desired form for the conc@trated tritium containing product. . . . 

3.1.2.2 Proc·ess Development 

An. early version of this process wa~ used to remove_ tritiated water from liquid wastewaters to 
reach discharge-level concentraticms of 20,000 pCi/L in the Tritium Aqueous Waste Recovery 
System (TA WI:lS) at the U;S. Departmep.t of Energy (DQE) Motind,Facility (Ellis· 1982), ·. 
(Sienkiewicz and Lentz 1988). System capacity was on the order of2:-liters per hour. ·. 
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Figure 1. · Combined Electrolysis Catalytic Exchange Process 
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. A CECE type pilot plant to recov~ tritium from light water was built and operated in Japan for . 
over 14 yem-sjn comi:ec;tion with the Fugen reactor. The plant capacity was 3 :6 liters per day of 
feed, and HTO was concentrated by a factor o'f 104 (Isomura et al. l 988). . : . 

The CECE proceds has been the stibjed of active devel()pment work in recentyeai:s. The work . 
includes cataly~ deyelopment and testing, irriprove_menfato electrolytic cells, optimization of 
systemand comporient.desigru;,·andindusJrial prototype construction and operation. .. · 

Hydrophobic platirnmi based catalysts were initially' developed by AECL and the ChalkRiver ·. 
Nation.al Laboratory (Sienlq.ewicz and Lentz 1988). Catalysts from additional deyelopers have 
recently been subjected to testing (Cnstescu et al. 2002) and (Braet and 1:3:riiggeman 2003) . . 
Active work on ~atalyst development/testing, proces·s optimization, and demonstration testing 
have also been reported .atdther sites in R,ussfa, Germany and the United Kingdom {UK); 
(Perevezentsev et al. 2002),, (Cristescu et al. 2002), (Alekseev et al. 2003), (Alekseev et al. 
2002), and (Fedorchenko etal 2001): • · · · · · · 

. . . : . . . 

A larger versfon of the proc'ess used at the Japane:se Fu gen reacta.r h~ .been designeµ for use with 
llie proposelintemationalThermoriuclear Experimental Reactor (ITER), ~ fusion reactor (I'?iai 

.·. et al. 2002). The pn:>posed system is designed to treat 20 kg per hour, ( about 20 L ·per hour) of .. 
,vater using a½ meter diameter column. Facility location and the construction s¢hedule for the 

· ITER arep.ot finalized at this time. · · · · · 

~CL constructe4 aria· c6mpleteda successful dei:nbnstraticiri ofthe:CECE process a,s part ofits 
. Prototype CIRCE Plant dernonstratiotj project at Hamiltonl Ontario Canada (Mille;r 2003) .. The 

pilot plant uses a 7:5 kA electrolysis cell and. a 2:.inch diameter column with a total water tio,v of 
approximately· LS L per how. D\lfingtesting, a detntiation fa,ctor exce¢ding 30,000 has been 
achieved (Miller ~001). · A :two part demonstration of the CECE process was aiso successfully 
completed at ChalkRiver O,vfiller et al. 2002), (Graham et .al. 2002): The first part was to 
demonstrate upgrading of 4eavy water. and the second,part demonstrated a detritiation • 

· dec~ntaniination factor of qver 1,000 and as high as 50~000 treating tritium contaminated heavy 
water. · 

A recent paper (Aleskeev et al. 2003) provides information on a CECE pilot plant at the 
Pet~rsburg Nuclear Physics Institute that has be~n operated ~ce 1995. The plant has processing 

· capacity of about 45kg per day (about 4.5 L per day) and has demonstrated tritium .· . ·. · 
decont~ation factors of I, 000 when operated with heavy water (a more difficult separation 

· than withJightwater). Multiple qperatirig modes and conditions have been tested .. 

. A CECE treatment system :is planned for the JointEmopean T9rus (JET) facility .operated by the 
UK Atomic Energy Authority at Culham Oxf'orshire (Perevezentsev et aL 2002), (Lasser et al. 
2003) .. In suppbrt of the JET program, process development work is underway and a CECE test 
system is beirig installed at. Tritium Laboratory Karlsruhe in Germany (Lasser et al. 2003) .. 

The active development .and implementatior(Work at multiple sites indicates CECE is .~ viable 
process and may continue to improve over time. · 
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. .An evaluation c011du_cted by th~ AECL for the Savannah River Site concluded the CECE process · 
slioul_d'be considere4 as a viableproces$ for deµitiatiiig water{Mille1::1999). Since that time. 

· there.has been ~onsiderabl_e development and demi:msF.atioi} of th~ proc;ss ·for different 
applications and the proc~ss: appears tecbnicallyfeasible . . As ~isctissed belo"Y and.iii Section 3.4, · · 

. cost for tr~ating bulk qu~tities,ofwc1s,tewater with triice'triti~ c~nhim~ation appears relatively . 
high'._ With curr¢nt Hanford. Site average power cost of:$0.0344 per kWb:" in fiscal year 2003 · 

' (Geiger2003), pcnver cost aione -wouJd:lkover'$_1 per gallon ofwatertr~ated. Tlris proces~ 
requires a moderate:amouht of costly hydrophobic catalyst, considerable c9st for electrolytic 
cells, 'and handling cif hydrogen gas at 1iear.:atinospheric pressures for the: separation. . 

. Connnementsystems will be required for the, concentrated triti1un pro~uct for protection of · 
workers,- i:he ·environme;nt .and p1:1blk.)jetailecl site specific cost estimates are not available and · 
testing has not been performed with#ariford specific waste ~Om.positions . . 

E~ed for this pr~cess needs t~ be.water with l~wl~vels of organic arid inorganfo contaminants. 
w_ ater th!:).thas l>een processed at ETf is likely to\vqrk w~ll ~s a feed .pecause this wastewater is 
essciitially free of 1/oritammarits 9ther than tritium. • Full characterization and p¢ssibly testing • . 
work would 'oe·ueeded to ¢eterrµme if additional pretr.eatin~iitis n~eded for specific candidate 

. waste ~ti-ea.ms: ' . . . . . . 

A tritium enriched waste s~eain will be produced ni additio11 to tritium: depleted water. or · 
hydrog~n- •. This _can be in t~e. form of HT in hycli:oge11; ,gas from the electroiytic cell or water with . 
elevated t:rititiiri compared _to .the feed water. · Th~ HT could be loaded.on a metal as a hydride or ·· 
tritiated V/at~f ciould be ~ispo~itioned 'as -a grouted waste form: . Tlus .$tr~am is ·smal_l comp~ed to 
'the wastewater feed: Cost ofdispositioning the waste will depend .upon the method, and could 

· ·. _be significant 
. . , 

.• ·_ .• This process i,as Included for consideration in eai:Iier Hanford Site tritium,. t~chnology evaluation . 
. · reports (Jepp~onet_al. 1,9971 Jeppson 1999). Th,e -1997•report r.eferencedan ·evaluatiQn .ofthis .· 
· process (Fulbright et at 1997) that indicated a cosf estimate of about $2.6 per L ($ l 0. per gal) to 
proc~ the triti"ated \Yater ~t a rate of 1.6 Us (25 gpm) ;with a triti~ ~cmcent.rati~n of 40 µCiiL. 
A more recent preljniinary cost estimate by AECL (~iller 1999) inclicateci ~ treatment co.st of . 
aqout $0.3iper L ($L2. per gal) foi°treating 1.3 Us (20 gpm) ofwaterwitii a.tritium . 

. · concentration of:200 µC)iL (with no hydrogen rec:overy credit). Volume of,c~talystrequrr,ed for 
a 20 gprri c<1pacity CEGEpi:ocess was estimated byMiller:(1999) as 8~1 m3 for exchang~ t::_ata1yst . 

. ·. ~d 3:2 m3 for reC<)Inbiner qatalyst with lifetime service expectancies _of5 years. -Theyolume of ·. 
catalystreqttired for~ 2-~ :gpm. capacity CECE process w:as .·estimated by F~l~pght et ai .. (1997) at . 
about 40 m3•forthe exc)?ange catalyst based on scale up from relatively old data(lfanimerli etal . . 
1978). _ . . . . .. . . . . 

. The Miller (1999) estima~e listed above assumed power costof$0.02 per kWh. The CECE . . 
process uses about 8 td·.:9)<:Wh o.(power per litei""offeed processed. If power cost i~ assUDJ,ed at . 
$0.0344 per k\Vh, the estimated processing cost increases by about $0.13 per liter {about $·o:so . 

· pe~ gallon) toabout $0'.45 per liter or $1.70 perg~llon. Tli.ese estimates would be further ·· . . . 
increased by costs for handling and disposal of the concentrated tritiurnpi::oduct ~d other site . 

. ·· specific project costs . . The cost estimates cited were preparedfor the Savannah Riv;er Site (SRS) 
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and were based on tritium conc~tratio~ about an order of magnitude higher than those expected 
at Hanfo.r.d. The reduced ~eparations efficiency required f-0r Hanford could reduce the cost per 
gallon.treated. but oriiy slightly . . All of the feed processed must ·i,·~ eiectr6lyzed, so thatpower · 
consumption .is not substantially :re<I.uced by reduced separations efficiency .requirements . .. 

. . . . 

· 3.l.3 BitJiermaIHych-ogen-Water Process . 

The bithermalhydioge~.,water process is based on the san:i~ hydrogen/water exchangereacti~n 
. as the CECE process(Equatiori. l, ·see Section 3.1.2), and can 4se the same c~talysts. However it 
doe.s not ft:!quire e1ectroly$is of the feed water, but mstead relies on a tecycled str~am of . 
. hydrogen coupled withdual temperature separations columns. The bithermal hydrogen-water -
process was discussed ~n the 1999 evaluation report (Jeppson i9_99). · · · 

_3.l.3.1 Process Descdption 

This process consists of cold-stripping and cold-enricp.µ:ig columns and hot-~nnching _and hot~ . 
stripping .columnS stacked in a vertical orient_ation· with hydrogen gas flowirigupward . 

· _· counterciirr~nt to the aq_u~ous streams, as shown in f igur~ 2, Tritiated water to ~e treated is. 
introduced between the told-stripping arid cold-enriching columns. Three conditions are 
important to maxim~ng s_eparationfactors:• 1) use ofan active l}ydrophobic catalyst (the:same 
cataiyst used for the CEC~ process), 2) temperature control to enhance the· stripping and 

· enriching c~nditions, and 3)]:ri~ pressllfe. . . ______ .: __ _____ _ _ 
. . . . . . 

. In the~pper "c.qld stripp~r'': section, nor1-tritiated water is used to absorb tritium from the _ 
circulating hydrogen. The resulting hydiqgen gas, essentially free of tritium is reciicuhited to the 
hot-stripping cohimn to remove ~tiUlll from· the wastewater. to be dischargaj. The tritium~iich 
product stream is withdrawn fronibetween the cold and hot enrichment cohimns. TJ:ie columns. 
are operated afilear ;1-9 atinosphtr~ pressure to. achieve m.aximllli1 separation tactors. The hot . 
enrichmeii(and stnpping 'col~ se¢tioris ?fe operated at about 443 ~K (l7Cl ~C); .and the cold-
stripping arid erold~enrichment column sections are oper<!,ted atabout~23 .OK(SO 0 C). . 

. . 

3.1.3.2 Recent Develop~ents . 
. . 

The ·bithermal hydrogen-water process uses the same chemistry and.the same catalysts used for .· 
· the CE.CE process. · Therefore mu¢h of the development work on the CECE process is directly or · 
. indireGtly applicable to bithermai hydr6gen-~yater.-·A prototype uoit was 'inst~lled and_ oper~ted 

_ successfully ·at the Prototype Combined Ind\istrial_ Rerormmg and Catalyt1c Exch~ge. (CIRCE) 
demonstratiob.'pr~ject at H<lllliltori, Ontario Canada (Miller 2003). . - . . . 

3.L3.3 Application at the Hanford Site , 
. . . . - . . . . . . . . 

Existing applications for the bith~rmal hydrogen-\vater process are for treating lieavywater; 
however, it appears feasible to adapt.the technology for treatment cifHanford Site wa~tewater· 
and groundwiter. This process does:not.reqajre electrolysis of the feed water to change phases 
of the feed stream; but operation with: large volumes of hydrogen gas at high pressure, heating to . 
moderately high temperatures ~d signifi9antly higher r,ecirctilation flovrs <;ompared to the CE;CE 
process. The,pi-ocess is expected to oe capable of reducing tritium toncentrntions from ievels . . . 
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Figure 2: . Bithermal Hydrogen-Water Process 
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typical of Hariforcl wastewaters to less than the MCL of 20,000 PGj/L for the depleted discharge 
stream :v1bile producing a small vohiin:e ;tritium-rich _stream of_>0.02 Ci/L. The AECL has stated· · 

. thattlµs proc.ess can be designed toptocess 300 to 50_0 liters per miniite with no obvious . 
difficulty . .. · · · · · · · · · · · · · · 

Feed.fortlris.proc.ess needs to be water \l/ith low levels of organic and ino~ganic coritainiri~ts. 
Water that has been proc.essed at ETF .is likely to work well as a feed pecm~se this wastewater is . 
. esseriti.ally fre~ of contamiriants 9th.er th~ tritium: Full . characterization arid possibly testing . . 
viork would be needed to determine if ?-dditional pretreatment fa ileed,ed for· spec:ific candidate · 

. waste :streams. . . . 

Concerns with this process include: 1) the containment oftritiated water and tritiated hydrogen . ··· · 
gas under high pressure, 2} safety with the use of high-pressure hydrogen gas in the process; and . 
3) the fact that tli.e process· has not been used on a large industrial scale . . In addition, the proc~ss 
is much more sensitive to control of the process flows than is the CECE process. Because 
electrolysis pf allthe feed is not required, power costs ~e ex:pected to be lower than for the 
CECE process. Ho.wever the separations columns, catalyst beds, and the internal stream flows . 

. are much larger . . As in the case of the CECE process; a method must be provided to disposition .· 
the. concentrated tritiated \vater stream. As stated in the 1999 evaluation report, the process . 
(Miller 1999}:was evaluated .to be only slightly more costly than the CECE process for the 20·. 
gprri -Scenapo they evah.ra~ed. Lower decontamination factors require.d at Hanford compared to 

.. SRS c·ould tend to favor the bitheprial hydrogen-\Yater process becauie).ts costs are more : . ·. . . 
sensitive t9 lrequrred separation efficiency. Total treatment cost{capifal~ utilities, labor~ etc.} for . 
this proces·s. are expeded to be sirnilar to the costs for the CECE proc;ess with the lowest cost . 
option depencli.rig OJ:}: c_apacity; operating dur~tion, power cost, ~d other site specific factors . . 

3.i.3.4 Girdler Sulfide Process 
. ·. . . ~- . . . . . . . 

Like the bithermal hydro gen wate~ process; the Girdler Sul fide ( GS} process uses cold and hot 
. coiUlillis and. a recirculating gas to drive the separatiouprocess . . Howeyer, in the GS process . . 
· hydro ge~ st1lficie is t_he recircul~ting gas and no catalyst is required. The GS process is:describecl 

in more detail in Jeppson et al. (1997). ,This mc1.ture process has been lop.g used for heavy water 
.·· production and is expected to be adaptable to Hanford S1te, waste~ater treatment requirements; .. 

No significant recent developments were identified for this process and although it is expected to 
·. he feasible,::the. proc~s has major safety concerns. The safety concerns are focused around the 
· high.,presst1le{20 arin) arid the highly toxic-arid .corrosive gas hydrogen s'u!f1de used in th,e . 

. . . . . . . . . . . ' . . •, . . 

. process: . 

In the Miller (1999) evaluation, the GS process was judged to cost somewhatmore than the . 
. CEQE process or a bithennal hydrogen-water process for the specific scenarios evaluated . . Costs 
of about $0.5 -per't '($2 per gal) (MiHer 1999) were estimated to reduce trithun concentrations . 
from 200,000,000 pCi/L to <20,000 pCi/L at a flow rate of 1.3 Us (20 gp:oi). The lower tritium . 
concentrations typicalatHanford are expected to reduce the cost only slightly .. In an earlier 
study," this process was estimated to be the inost economical separations process considered . 
($0.05 per L ($0.2 per gal) for a 1.6 Us (25gpm) flow rate] (Fulbright et al. 1997). . 

Feed for this process needs to be water with low levels of organic and iriorganic contaminants . 
. Water that has been processed.at ETF is likely to work well as ·a feed because this waste\vater is . 
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essentilllly free of cont~inants othe_r'than tritium. Full cbatacterization and possibly testing 
, workwould be needed to determine if.a.dditional pretreatment is needed for specific candidate 
waste streams. · 

.. 3.1.4 Other.Industrial Hydrogen Isotope Separation Processes · 
. . . 

Other industrial processes have been use~ for hydrogen isotope separation· as discussed in earlier 
evaluation reports . . However, no rn;w devetopment ,vork~ evaluations, ·or iµiplementation 
projects Were identified. }'he earlier evaluation reports (Jepps•n et al.1997) an'd (Jeppson 1999) 
should be consultC:!d for infonnation on these processes: . . . 

3.2 DEVELOPMENTALHYDROGEN-.JSOTOPE SEPARATIONTECHNOtOGIES . 

This section summarizes new information identified on developmental hydrogen isotope 
· separation technologies that have not been demonsttate.d on an industrial scale . . 

3.2.l Trittlllil Sorbent Process 
. . . . . . . . . . 

A sorbent b_ased tritium separati9n process developed by Mo_lecular Separations Incorporate4 
· (MSl) was discussed in the 1999 and 2.001 evaluation reports (Jeppson 1999), (Penwell iOOl) •. 
De.tails of_ the process have evo~ved since the i 999 report; however, the basic.technical approacll 
remains the same. A solid sorbent material is used with water ofiiydratioii"s1tis·iliat"are :Seiective . - .... ---. -

· for tritiated water over protimi.ted water. Tritiatea·wateris selectively adsorbed:9ntothe sorbent" 
as it contacts the contaminated water, and the sorbent is periodically regenei:ated by heating. At ·•· 
the ti.m~ the 1999 evaiuation report was prepared, the pro9ess involved a moving. bed of sorbent · .. 
trickling through the exchange columns ~d then being regenerated outside of the cohunns. The · 
process was later ch~ged to use a.fixed bed with.the resin beiiigrygenerated inpla9e~ which is.· 
expected to be more amenable to scaiing up to alatger process flow. . . . 

. . . , . . . . . . 

Sincy the 2001 report was prepared, pilot testing supp9rted .by the Electric Pow~r Research · 
· Institute (E;E>RI} was performed byDuratek (EPRI 2002). The project dev~loper (MSI)has ~so . 
teamed with Calgon· Carbon Corporation for commercial application ofthe technology (MST 
2003)°. . . . . . . . . . . . 

· . 3'.2.1.1 Process Description . 

There are several way~ the proc~ss might. be ~~nfigured . . The follow1ng outlines one appibach, · 
whi_ch is similar to thC:! process usedJor the EPRI/Duratek p1lottests; . Tritiated containinat~d : 
water is contacted with a bed Of$9lid sorbent materi_al. Tritiated Wfl,ter·is preferentially adsorbed 
as water of hydration, ru,id the tritiuni~depleted stream passes tb.rou.gh·the bed. · This loading . 

· process is conducted.at near 50 °C. The process typfoallyinvolves multiplecolumns'fuat the 
waste flows through in serie$. The number arid size ofthe·coiumns is .determined by the flow 

... rate and desired tritium decontaniimi.tion factor: .. As with niost adsorption and_ion exqhange 
processes, tritiated water adsorption cin th~ sorbent bed is °j>ropor:tiOnal jo feed concentration and 
bed volume for a specified cliameter coiumn . . ~ theory, th_e feed stream can be decontaminated 

. -
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. t6essentially aiiy desired tritium level ifenough contaqt stages are provided. However, .the very . 

. · limited data currently available suggests thalremov~l efficiency and sorbent capacity dtop as the 
··tritifuil concentration LS reduced . . ·.. .· . . . . . . . · . · . . . 

As fl1e sorbeiit becomes loaded, tritium c;o~~ntratio~ in the: discharge stream increases. When ' 
sorbent in a: colJmn i~ no longer ·effective, the column is taken oftline and.theb~js.regenerated 
.in :r>lace as follows: · · · · · 

· • Free water isdrained froi;n the bed and r~cycled back to .the col~' s tritiat~ waterfoed 
tank. · · · · · · ··· · · · · 

.: .. The sorbentbed is heated to a, modef.lte temperature (80 to l20°C) ·to remove remaining 
inters.titial water a:nd some .lightly held hydration water: this watej is also.returned ta.·the . 
coiumn' s feed tank for reprocessing; the recycled waters constitute. approximately . 
50 percent ofthe feed-flow stream. . . . . 

, · Pinally, the column is heated tq about 160°C and the more strongly bonded water is 
swept off the resin as water vapor. This stream, coritainingthe bulk offpe tritiate.d water, ·· 
is absorbed in ~ soiid molecular sieve bed ( dryer) or is condensed and collected ?S liquid. ' 
The absorbed or condensed water is expected to be a smali fraction of the original 
volume of feed and contains aniele~ated level ,of tritium coinpar~ to the feed. · Gas from 
the dryer/ccm~censeris recycled fo a heafor for reuse. ' ' 

If additional volume reduction of the tritium concentrafo is needed it may be rerun through the 
sotption pro'cess., usi~g the s:an{e or auxiliary .columns. . . -

After regeneration, the column is .placed back into service for another cycle. ·. Cycling with the -
· . mostrecently regenerated coli.imp. as thefuial colunin in the series ~vould typkally be used to · · 

maximize .column loading efficiency and removal of tritium. ' ' 

•· 3.2.l.2 Process Develop.ment.and Evaluation . 

·Pro<::ess:development and testing work.on sorqerit based tritium separation has been performed 
by MSI, Washington State University; Clemson,Environmental Technology Laboratory (Jeppson 
et at 2000), and Dui-atek {EPRI 2002). The Clemson tests demonstrated tritium removal in · 
bench scale sorption col~s. Subseque.nt testing was sponsored by EPRI arid perf<;mned by 
Duratek (EPRI 2002): Static c6ntact beakirtests were performed, which demonstrated 
depletion of tritiutti from water that,1{as contacted with the sorbent. . This is assumed to. have 
•resulted froin preferential:adsorption of tritiat~d water on the sorl>eht. In the most favorable case. 
reported, \vhen 20 mL oftritiafod water was :rr.i:ixed with 10 inL ofscirbent the measured tritium 
concentration iri the :water <:lropped from 5:44 to 3:32 µCi/rriL (38'.87%' reduction) . . 

The following calculation illustrates the difficulty of this separation compared with ion exchange 
processes typicall}' used for vyater treatment Auseful way to characterize sorbent performance 
is with a distribution coefficient (Kd), defined as follows: · . . . 

Kd ~ Xsoi-bent!Xsolution . (2) 
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. Where Xs;rbentlS the equilibrium concentrationin the smbentbed of the component being sorbed 
aridXsoluti~ri is·the corresponding concentration m solution ofthe same component. Ifit is . 

. assumed that the reduction in tritium concentration represents tritium deposited orito the sorbent 
at .equilib:rimn, the equilibriwn ·distribution factor (Kd) crui be estim"atedfrom the ,data.Stated' - _-

-- above as follows: - - - - - - - -- - - . - -

- Kd : ((5.44-3.32 µCi/rriL)*(20mLwat~r)/(10rnL s6rbent*3.32 µCi/mL) (3) 

-- =l.27 

.. Similar tests rising ion exchange media for ions such as copalt :or cesi_um show Kd yahies ,in the 
range of several thousand (EPRI 2002) .. Tiie indicated:Kd yalue for the tritium sorbent i~ orders 

.. of m::ignitude lower than typfoall y found fodon exchange re,s,inf This restllt is consistent with 
the relatively low_ bed c~paiity and removal ef:6.ciency ;~een with ion exchange column tests_; _ 
Additional static tests indicated_ si:>tbent degradation may be caused by impurities fu the water. 

. . . . . . . . . . . . . ' . . 

- After cbo:ipletioti of the beaker test~, six test so;tion cycles' were completed i:ri a pilot piant test 
system using a 4.6 cm diameter by 1.7 m long sorption colunm.with a ilomili.hl 125 niI./miii flow -
capacity; . Three differmt sorbent material- formulations w'ei-e tested for treatment of wastewater 

: with abouf6,000 JlCi/I; tntim.n. .. Amaxµn_um ~f two cycl~ w~e performed using the :same bed 
-of sorbeut material. . Reduction of trithmi. from -the feed_material "v~s demonstrated, however, the. -
redµction in tritium concentrati~n wasuotfarge (<10%). Some process problems were . 

. encolµitered, ru1d one of the sorbents had probleri1s with physical breakdown. The p1;ocess 
-· deve\oper indicates that probl.enishave been resolved and the process -is ready for · 
· m:iplemeritatiori (St. Gc;mis 2003}: . ·- . 

. . . . .. · -·· ·- -· . 

• Sorberit testing hru; been reported :with tritium concentra~ons between aqout 300,000 and .-
._· 6,400,000,000 pCi/L; as compar~d with Hanford waste concen~tions between ab6ut 20;000 and 

30,00'0,000pCi/L. The l1mited:~vail~ble published data suggests that sbrbent petforrnarice in 
_. terms ofpercentage removal efficiency and·sorbent capacityis reduced at lower.tritium . 

coricentraHons. . . - . . - . - -

• An informatio~ broclmn~ proyided by MSI provides the estimated treatment costs listed in Table · 
l and .also kcifoates that Galgon C~bon Corporation has teruhed wi_th MSI. ·. . . . ·-

. Table l MST Sorbeiit Ba,sed Water Detritiation Costi>rojections (MST 2003) 
.. ·, .-

WASTEWATER · TREATMENT COST VER$US'TRITIUM ~ONCENTRATIQN ". 
VOLUME REDUCTION 

10 ;Fold Reduction -
. . . : . . . 

· 100 Fold .Reduction 2000 Fold Reduction 

1 oo;ooo gal/yr 
' . . $5.00/gal $7.00/gal $11;00/gal 

•' 

1,000,000 ga.1/yr · $4_00/gal $5.00/gal $7.00/gal -
. .- ' 

._ s,000,060 gal/yr · $3.75/gal > $4.50/gal (not provided) 
-._ 
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The .cost projection& mchide equipment, sorbent, and operating costs but do not include land, site 
· preparation; or handling and oispdsal ofthe concentrated tritium producL The cost projections .• 
were also based primarily on data froDJ tests using tritium concentrations higher than typical of . 
· H~ord, wastes (Sf Ge#is 2003):: 1:'est ciat:a indicate reduceq p.erfo:imance atlower · . 
concentrations so some incr~ase in cost might be expected for. the Hanford case depending on the· 
specificw~te stream tohe treated. . . . . . . . 

. , . . - ·, .: . 

. 3.~.1.3 Application ~tthe IIa11ford Site. 

Proof of principle tests sho~ th~tthe sorbent s_eiectively removesJritiated waterfrom light Water, 
however the overall procesS:currently'Iacks doclllllented:. large scale demonstration; The . 

· developernas te?rt1~d with ~(major industrial water treatment corripany and believes that the 
process is rea~y for implementation. . . . .. . . . 

A feed specificat10iiis not available for the sorbent, and the effects of :various potential feed · 
·impurities are notlmoWn .•. Thf sorbentis likelysusc~tible to competingion exchange and may 
be subject fo 'degtad~tive,atta9k by wastewater impurities. The sorberit could be occluded with 

·. colloids and \voilld ~dsorb cerfa.iJI organic compo!,llldsifthey were.present in the feed stream, 
which would 'reduc~ the overall effectiveness. Preferably, water to be treated for -tritium removal . 
. should have a low fovei of<:>tlierimpurities, but the required feed purity hascrirrently not been . 
defined. · Full characterization and possibly testing work woulcl be needed to determine if. , .. , -

_additional pretreatrn.erit is 'needed.for specific candidate waste streams. ·· 
. . . . . . . 

. In summary, there are currehtly a number of ui:iknowns· associated with the technology, and the 
treatment cost projections appe~felatively,high for 1:reating bulk qt1antities ofHanford . · . 
wastewater with trace tritiurii contamination. . . . . . 

·3.2.2 Oth¢r Developniental Processes 

. Earlier e~aluations included additional developmentitl teclµlologies for separation ~f hydrogen 
· isotopes, including: Membrane Inediated separation, laser induced tritium separation, kinetic . . 
isotope effects; and vanations of the dual temperature liquid phase catalytic exchang~ processes. 
Nq significant developments \Vere identifi.ed for these processes, arid no new process~ that are 

· .· pC>terifi,ally:applic<:Lble to Hatifo;rd_w.aste\vater weriidentified in the current review'. · See ~arlier • 
evaluation reports for-information on these processes;•· .. . . 
• • I' _- • ' • . . • ' • • ' '. • . 

3.3 .. OTHERI1UTIUM MITIGATIONTECHNOLOGIES FOR WASTE\VATERS . . . ~. . . . ; . . . . . . 

'There are several ccmcepts for delaying moveme~t of tritium contaminated ·groundwater plumes 
thereby maximizing.the time before contaminated groundwaterreaches site boundaries. these. 
concepts are based uppri t}?,e fact that tritium d~cays wi.th a half-life of 12:3 years,. Qtherriiethods 
involve evaporation or incineration of the ttjtiated water with releases directly to the atmosphere: 

. . . . . . . . -. , .. _.. . . . . · .. ,• . . . 

3-12 . 

~-------- - - -



I 

. , 

. . . . . 

. · 3.3.1 Pump and Recharge 

· DOE/RL-2004-11 
RevisionO 

.. Ine p~mp and recharge conc~pt extractstritium co~tami~ated w~terfr,otji:the: ground and . 
. rech;irges it at a location where the nioveinent of groundwater .will take 16nget for the · . · 

· . co~tamirni.teci groundwai~r to reach site boundaries. Treat:rp.ent _io rem:ove contaminants other- . 
than trithrm niay be performed pnor to_ recharge. . . . . . . . . . . 

The concept can work effectively however there is a significant drawbacJ.< to this methodology. 
Due to· p.atural recharge of the cqntaminated aquifer., the volurtie qf waste to .he pumped and . 
recypled may continually increase. And, as the volunie being extract~d and recharged increases, . 
the piunping system tequjreinents grow each year. Therefore, tbis treatment ineihodology shquld 

. usually be co:i:nbined with,triethods to minimize the natural rech';lfge to the . aquifer: . 
' . . - . . ·- . • . 

. The concept :,,,~as used at th~ Savanmih River Site between 1998 and 2003 and at Broqkhaven 
National Labor9-tory between 1997 ~d 2000. The · 1999 evah1atiqn report (Jeppson 1999) ·: . · . 
discussed ill detaU ,the methods used at Savanpah Riv,er and a,t Brookh~v.en, Therefore, the . 
infonp,ation,wilhiot b~ repeated. . . . . .. 

Pump and re~h11rge at the :Savannah River Site w~ stopped in niid;2003 because of the high cost 
· of groundwater Jieatnient{$0. 012 per: L pr $0,047: per gallon) and ,ab.olit a 50 to 70 % reduction 
· oftlle triti:um concentration ( up to 50,000,000 pCi/L or 10 times the ·maxim.um tritium 
· concentration in groundwate1;·~t :ifanford) i11: the pJume a_fter five yead o'tpuniping and up- ·. 
graclientrecharging (Flich-2002, Blount et al, i003, Blount 2003). Operating cost for the pump- · 
treat-~echargewas about$.S0;b90 per day~ Pump andrecharge at Broblduiveiiwa.$ stopped in 
·2000 be~use the tritiumJevelsin th~ vicinity ~fthe,extrac~ioriwellsJlecreased to below the .. · 
. averageminimiirri det~ctfoµ limit of_the BNLAnalytical $ervices L.t9orat,ory (34~ pCi/L) (BNL . 
2002i BNL 2002b). The decfrease is a result ofthe combined effect~ of radi9active decay; . 
dilution:ajld dispersion. · , . . . . . . 

3.3.1.1 Application at the Hanford Site 
. . . ·. -· . . . . . . .. 

As stated in the 1999 report, groundwater pumping at .the 20,000 pCi/L concentration front 
. would cover fl distance of over 40 km (Jeppson 1999, Jlarnpan 2003 ). · The l~rge distance of the 
. front, the rim:ril::ier of wells which would be required~ arid the large voliime of\1/ater which:would 

have to be pumped and pqter{tially treat~d to meet applic;able'state. and federal limits except for 
tritium precltide this conG,ept .fr•m being ecorioinical1Yfeasi1)le. · . . · <. · . · . 

•'. . . .. . . . ·.. . . . . . . 

An additional factor that makes theconceptnotfeasible at the Hanford site.is tlie increas~in 
volume that would need to be pumped and potentially ti;eated each year: Although the £¢charge 

. • -rate is low~ the additional . amount of water to pump and potentially ti-eat each year would · . . . 
increase sigruficantly be~,mse of the large volume of the .contaminated phime . .. · . . . 

3.3 .. 2 Barrier Formation 

· Two types of subsurface barriers have been demonstrated at the DOE Sites. · The frozen soil 
barrier concept was discussed in detail in the 1999 evaluation report. (Jeppsonl999). The . 
information will not be repyated. . · · 
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. Another bani er tec:hnology t<eJJri~d Viscous Liquid Barrier (VLB)was selected by the · 
. Brookhaven National-Lab~ratory for groundwater rerpediation, Groundwater monitoring near 

th~ Brookhaven Linear Accderator Isotope Producer (BLJP) showed tritium an<l other . 
radionuclide coritimmatiori ~ad occurred before 1998. TheVI)3 tec:hnoiogy was developed at 

. Lawrence Berkley National Laboratory'Yith funding from DOE (EM.:50): it used low-pr~sure 
perm.eation gi:quting to deliv~r a c0Uo1dal~silic~ grout to the sttbsuiface. The grout g~ls in place 

· · and forms a barµer'.to liquid 'movement. · The VLB m c:onjunction with.a guhite cap around the 
surface soil ofBL1P would minimize the volume of surface water percolating through the •. 
contaminated soils to the groundwater~ The estimated volume of soil to be treated is · 
approximat~ly85 m 3

• ;.Prelirriinary modeling results. showed thatif the. flow rate though -the 
aotiVatecl soil can be red,uce~:to less tµan 1 cm/yr; shorHivedisotopes including tritium will not 
reach the aquifer atlevels ex9eediiig the drinking water standard (Heiser et al. 2000), . 

. TheVLBinstallation wasc~IIlpleted in2ooo at a cost of about $436,000 (North-Abbot 2004:, 

. Heiser et al. 20Q0) . . The cos(includes site characterization, grout compatjbility and optimization 

. testing, modeling, and barrier integrity velification c1nd some planning documents. Accorcfulg to 
groµnd\vater monitoring data, the actiqns taken to date have been highly effective in eliminating . 
the BLIP source ofgro,undwater contamination. Recent data oii groundwater and soil collected 

. . . during and aft~r i:ris.taUation tif the VLB illdicate that grouting displaced soil pore water 
.. contaminated wfth tritium ~to the groundwater. The maximum tritiltm concentration in 
groundwatei-.focreas¢dto 50;000 pCi/L from 1,000 pCi/L after grout injection. . This limited · 
tritium release is expected to ,be a 9ne:.fun~ event and to dissipate quickly into the aquifer. . 
Evaluation of barrier performance is toiituriuug (S,ullivan 2003). . 

3.3.2.i Application at the Hanford Site 
. -,.·, . 

Application of the soil ba:rrjer te~bnology is not economicc11ly feasible for tritium remediation in · · 
bulk groundwater, because of th~ large volume of subsoilthat would 1:iave to be frozen or mjected 

.. with grout. The soil ~tHarjford is also different. . . . . 

3.3.3 State Approve~Lahd Disposal Site 

The SALOS is located just north of the 200 West J\rea on the Hanford site and began receiving . . . 
. tritiated wastewater iii D~ce:µi.ber 1995. The SALDS receives effluents from Effluent Trea~ent 

... Facility (ETF) processing of wastewater. The ETF'treated wastewater meets all applicable state . 
. and federal limits eXcept for tritium (Ecology 2000).· Ille inajotjty of the tritium comes.from 
processing liquid mixed w:astesfroin single-shell and double-shell underground storage tanks· 

· an<:l other radioactive miscellaneous wastes from the Hanford site . . The waste discharge to . 
SALDS is based on the average monthly flO\V and p~st pe,rformance allowed by State Waste 

. Dischru:ge PemiitST"'.4?00_. The permitted average monthly flo.w rate is o:2s million gallons per 
day or up to 90 million gallons per year: . . . . . 

The ST-4500 permit condition S.10 requires a tritium tracking and groundwater monitoring plan. · 
· The DOE has agreed to monitor the tritium plume created by ETF discharge and update models 

·.··. used to predict trayeltime to the Columbia River. See Barnett et al. {1997) and Barnett et al. -· · 
.. · (2003) for disc1.1ssionof modeling and monitoring results. . . . . 
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The ST.:4500 pennit indicates piat preyicms computer model results predict tritium bearing 
effluents discharged to the ground at SALDS will take art extended period of time to travel witli ·. 
groundy;,ater be:Ueath the Hanford site before ultimate discharge to the Columbia River. Models 
and discharge. scenarios indicate that tritium above the drinking water standard will not reach the 
Columbia River in,detectable quantities. · (Ecology 2000) During the long residence time_ iri the · 
aquifer, niost oftlle-tritiiun will decayto non-radioactive helium. An update to-the earliei-niodel 
·calculations is planned for;the near future. . . . . . . 

. . . . 

· Discharges to the SALDS are listed in Table 2 by date, volume, and concentration of tritium. 

Table 2; Tritiated Watc:r Di~charges to the State-Approved Land Disposal .Site . 

1995 .• . 223'7000 ., ' ... 591,000 • 6,200,000 13.8 

1996 28,63();000 . 7;564,000 . 7;500,000 214.5 
.. .. 

1997 . si445;ooo .- 15,177,000 .. 610,000 35.I 

1998 lp7,195;Q00 · · 28,321,000 290;000 . 31.5 

1999 . 88~66,000 23;320,000 100,000 . 8.95 

2000 91,306,,000 . 241123,000 23.0,000 21.1 
. . ·1·;. . 

2.001 98~353,000 . 25;985,000 6,000 · 0.1 

2002 · 23,367,000 · 22,011,qoo . 105 000 . , . 8.8 

2003 95,65?,000 25,880,000 · 43,000 4.25 

· * The a!1J1Ual ave~g~ tritium concentration is misleading because most years, the 
· majority of the tritium co~es froirt waste evaporation campaigns· at the 242-A · 
. Evaporator which is sent during a one to two month period . . For example, most of , 
the tritium f.or calendar year 2000 was from a2month period, vtith the maximum 
average monthly concentration being 2~4,000 pCi/L The majority of waste water 
tp ,the SALDS is from treatment of Operable_Unit UP".1 groundwater which 
normally contains less than 1,000 pCi/L of~tium. 
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3.3.4 Ev~poration · 

One approach for disposing of wastewater and ground ,vater is evaporation with dispersion into 
. the atmosphere. · Potentfal evaporation ~ethods include: · . . 

• Boil~g or ,Nl:~chanical Evaporatiqn: A variety '.of industrial equipment is. ~vailable for . 
evaporation by boiling, includirrg·c.omientional indirect contact :types. (boilers, •. · . · 
evaporators)'and direct contact typ~s (for example incinerators). . . . 

• Solar·eva.poraticin. Use of solar he~! and ~oven1ent ofair tb evaporate water . . 

• Conta~t with an air stieatri . . For example aii carrbe bubbled through the water or water 
can be sprayed into:the :a.if . . · · · · 

. • Phytorernediatiorti Plant; fake in the contarni~ated water thro1,1gh their roots and the 
··: majority of the water (in~lucling tritium) is evap,orated. Afraction of the tritium i~ also, 

retained in the piant irtatter :until it decays: Ifthewatersource is at or.near-the surface, 
the plant may r~move \va,teJ directly:.from the source. · Ait~nuttively the water may be . 
pumped to the pi ants ( e;. g. .the CC>Il\aminated water lS used· for irrigation). · 

. . . . . . . .· .- ._-- . . . :··_: . . . .· _·· . . 

Three evaporatioii: methods (SolarEvaporation; hrigation, and Mechanical Ev~poration) were . 
considered in tliej 994 H:an.t;orii Site ¢valuation (AllenJ 994). Of 1 i tritium mitigation methods 
evaluated, tp.e above three recefied the lowest rankmgs (Table 7.:1 qf (Ail en 1994)). As . . -

.. discussed in the follo.wirig, .i.riciileratiori ru;i.d phytoremediation have recently been select~d at . 
other DOE sites fot disposal or, mitigation· of wastewat~r with trace tritium contamination. 

3.3.4.l PhytQrem,ecliation 
. ' 

• Phytoremediatiqn is the proces.s .bf ~ising plan!5 to rernediate contaminated areas; both _soii and · 
· groundwater can be remediateo. .. The processjs being useq at the Argonne National Laboratory 

. . and ·the :Savannah River Site for tritiated water. . . . . . . . 

In phytoremediation the plants take up p.~trients from the contaminated soil and ~se the 
·. contaminated w~ter to grow: The plants . can bryakdown; trap and hold contarninartts in the . 

leaves and/o~ stems,: and tr?Uspii-e the wat~r into the atmosphere as part of the natural plant .· 
. growth . . _The process·is dnlygocM for ne:aJ :surface coritarrifuation, shallow aquifers, and· . . . 
irrigation. ·. The transpdrt ofwate_r.iri ~ojl and vegetatio:ri and accu:imilatiorto:fbiomass in the 

•· forest trees are considered the most hn:portant physicat chermtal a.nd biological transport . 
pn;>cesses. for estimating partitio~g of isotopes to vegetation and the amount of fixed. tritium in 

· a fote~t that ha~ been exposed:totritiated:irrigation~\vater (Diabate and Strack 1993~ Murphy .· 
. .1993) . . ·· 

. . . . . . . . . 

The turnover time of tritiated water in the conduc~g outenings of the roots and stem and in the . 
·. leaves is on the order of hOurs to several days, The turnover time of tritiated water':in .the inner, .. 
, older rings of the roots and stem is on the order of days to years .dependmg on the size of the tree: 

Approximately 60 percent of the tritium fixed during synthesis will remain in the biomass 11ntil 
released by decay or combustion ~er death 9f the tree. The remaini.ng:40 percent will be 

. exchanged with hydrogen in water (Biotint etai.' 2003}. . . . . .. 
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. Phytoremediatioµ at Argonne National Laboratqry is bemg perforriied on a site that is 
• contaminate.d with tritium. _ However, the concentration oftritiuri:dn the .gi-oundwatermeets the 
- drinking water limits at the cu.rrent time. The. primary reason f qr performing the r_emediation .is 

t~: stop the growth of the groundwater plun;ie, arid remove other co:µt.unimnmthat are in the -~~:m ·­
. and groundw:ater. The tritium is assumed to be transpµ-ed in th~ sameconce.iitration as its - . 

. ccincentration in 'fue gro~dwafor (Negri 2001 ). Of primary interei;;tisnot thattrititmi is being 
-treated, bu( thaf the. phytoremediation was designed so that in a few years, the rate of .. · _. 
· transpiratj.on.:{)fthe water will match the natural rech,arge to the aquifer. this· will essentially . _ 

stop themoveyri~ntofthe con~nationplume·(Quuiri et al. 2001). :Workonphytoretnediation _ 
has conti.riu~d at Argonne National Laboratory, artdareport covering results' 1S to be:issued early · 
in 2004 (Negrt2003); · - - . ... . -

The phytoremedfation project at the Savannah River.site with regard jo tritiumis to reduce the _ 
vohnne of water; (natural rec;harge) reaching the contaminated aquifeis and reduce _the voh,une of · 

-contarnin:ated water reaching the· surface water some es, . 'the recluertion of recharge~, and the 
removal of water from the aquifers via the plant roots increase _the time for decay of the tritium 
Wp:ile it isstill m.:the ground. ,Although this ,vill reslllt~n tritiated,water being transpjred"intdthe 
at:m9sphere,:this' remediation method was considered acceptable at tge ~avarniah River Site , 
because of the d1stance to. the ne.arest populati()n center (Sullivan 2001, :B_loµnt et aL 2003r The 
potential maximum exposed uicliyidual oft ~ite dose 'fron;i a liquid'release of 1200-Ci of tritiiµn to 
the Savannah River is twice the dose for an aitborrie release of 1290 Ci of tritium {0.0060 mrem 

· ~s 0.0027 m~etn):. Thetotal liquid_~patl:iway popuh1tion dpse of0.20 person~nrrem is essentially 
.. the s~~ as the air~ome-pathway population dose :(B~ount eUil. -2003). -• . - - ·-. . . -· . . . .. ·- .. 

. . • . . . • I, . ,• 

. - A ~heet pile .dam for collection of water ·aria forest irrigati9n system was installed iri 2000 arid · 
· 2001, respectively ,,for tritium remediaticiµ at a-cost of aboµt $1,~90,000. • :rntiated water. behind · 
ihe dam is used for:. irtjgation of25, acres of natural for~st pines and. hardwdcid trees located . . · . . _ 

: upgradientofthe.seep}ine .. Th¢ irtjgatiori supplemeil~S naturalpr~cipitati()narid ev~poration'.· _·. 
Annual operating.cost is abdut $500,000 and about7,570,000 liters (2;0Q0;0OO gallons) of 
tptiated ,water was 'tIBed for imga.tion of the forest in FY 2003 (Bfount)003). · - -

~ . . . -_ . . .· 

·3i3.4;2 Appli~atioilat the Hanford Si_te . 

Phytoremediatioi1 does no~ m~et the rteecls, of bulk ground water clean _tqj at the Hanford ~ite . ·. _ 
· .. because _9f.the aquifer depth. · .Insufficient oxygen in the sqil usually prevents ropt depth of l'lants . . 

· · · . and trees growing below ab6u~ L2 m where IllOSt nutrient absorption occurs. Sorrie pines found -
· ·• ·inTexas and mesquite (Keawe) ,have been kno,vn to send roots perietratingto depths of3 in_and>: 
· -24 mrespectiveiy (Schnelie etal. 1_989). . . . . -. .' ·. . ·.·. -

. . . . 

· · Tabl~. 3 shows the maximum tritium concentration arid depth to groundwater. Depths range .. 
between 2Q in _arid 100 m except at the Colurrib~a Rive(shorelme> Also, phyt<>reniediation for 
minimizing water ~ntering a contaminated aqui:fot, typically .uses either hybrid p<>plais or pine . ·_ 

. tre~ .. Neither of these types of plants would be amenable to .the natural environment on the . ·. 
Hanford. site. The 1994 tntimri. Jeclinologyeyaluation.~cored irrig'ati~n(phytotei:ri.ediation) ·as the 

· : poorest based on relative cost and risk (Allen 1994).' ·· · 
. . 

. , 
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-- Table 3: · Maximum Tritium C~ncentrations and IJepth to Water at Haruotd1 . 
. . ,: ·.. . . . 

... 

.- Area .· Maximum Tritium concentration; PCi/L Depth to Water, m 

Well Sh;~e1ine2 

, 

100 B/C _30,600 45,000 <1 to 30 . 

· 1000 . . 16,300 29,400 <l to 25 

: 

l00H 6AOO 1,245 <l to 12 

100F "3,800 1,470 <J to 14 

,· 

100K 588,000 5,150 <l to 22 . 
l00N 39,300 .21,500 > 1 to 21 ... 

.. 200W . 1,690,000 - 50 to 100 
·. 

·200E 4,170,000 . 5$,400 65 to 100 

· ·400 13,000 . - -.. . . . . ..... . ·-·-" 45 to so -
' 

600 - - ..; 

300 12,100 -<1 to 18 ' -

'300FF-5 "4 230 000 - <l to 18 
. ' ' 

.. 

. 1100 432 - - 2 to 30 

. Notes: 1) .Source ofinforniatioi:i is H~an (2003). Concei+trations in bold type exceed th~ drinking water · 
standard (MCL) of20,000 pCi/L (0.020µCilL), 

2) Shoreline sampling ii:{c1udes aquifer sampling tubes, seeps and shoreline wells since the Fall of 
200 ( The 200 E area plume is mop.itoi:ed at the Hanford town site. . . 
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· Inci~e~atioii or direct contact mechanical evaporation provides a controlled and measurable . 
means of.disposing of tritiated water though a stack. . The B,rookhaveii.National Lal;>oratory used . 
a low floW,-pumpmg system to re1+1ove the highest concentrations oftrithim from. the aqwfer .. 

·. • south -orthe High Fluk Beam Reac;tor, ·. Approximately· 340;000 liters(90,000 gallons} of trruated . 
,w~te:t ( 5 00~ 000 pCi/L) wa.s transp9rted to Oakridge }I ational Laboratory for dispbsai at the GIS 

· · Dunit~k incinerator. Trarisportati~n ar;id off site ru.sp·osal cost or the tritiated groundwater was . 
. about$5 .30 per liter.{$20 per gaUon) . .Low flow pur11pjng, transportation; and incjrieratio·n·were 
sfoppeµ'°in early 2001 after removing the target 0.2 Ci of tritium from the aquifei::. The DOE at 

· . Broo!4i~v-en,i.nade the decision· to ·dispose of thetritiated groillldwater offsite rather than . • .. 
construct ~d operate a treatment facility a:t Brookhaven ~OD 2000, Haupn.mnµ1 f003 ). 

3.3:5.1 ,A~pli:cation · at.the Jta~fordSite 

Mechanical . evaporation of tritia:ted water at Hanford was studied as ~ altl:lnlative to the SALDS 
(Brown 199~) and as treatme.nt rp.ethod of tritiated waterdisposal in(Allen 1994) .. Brown (1993) 
develop~d a rough orde_r of magnitude cost estimate of $38,145,000 (incltides pr9ject and 30 yr 
operation anci maintenance costs) for :rn.echarrical evaporation qf ETFwastewater and ~howed it . 
cost considerably more than. other disposal alt¢n:iatives. Air disposal of ETF wastewater would. 
~pact site air emissions and effective dose .to the on~site workers and offsite public. Air .· 
disposal 'received a verylow ra.nking among tritium mltigation option·s evaluated in the i 994 
report (Alie:n 1994 r .· . . . . . . . . . . . . . . 

3.4 · .RELATIVE .COST OFMITIGATION OPTIONS 

Costs for options to niitigate •tritium in Hanford waste water will vary substantia.lly depending on . 
. the technical process option: sdected. _ Costs can also. be ¢xpected to vary substantiallydependii}g : 
on site specific and projecf speci,fi.c factors. Available cost estimate information for various . 
technologies' is identified. in the sections. that discuss those technologies. In.most C<!5eS estimates . 
4ave not been developed for: spetific Hanford treatbient scenarios that might currently be . 
considered . . To. develop :mori reliable cost es~ates, specific scenarios :vvould need t6 be · 

· . defined, in~luding wastes to be tj-eated or otherwise lllitiga.ted, location, cap~city~ operating 
· duratio:ri1 app}Jcable state and federal requirenierits for treat~ \yastewater and concentrated . 

· · _product/ etc.·· Despite these limitations, some generalcomments·ori relative costs can he made,<as 
discussed below and ~ummariied in Table 4. · . . . . . . . . . 

• Separatjon is typically the most expensive overall mitigation option .. For.a large bas~~ . 
· load type facility opei;ated almostcontimiously; si.zed to treat the: full -stream currently . 
discharged to the SALDS, and designed to reduce tritium content below the drinking 

· water standard, the total treatment cost ( capital, operation, utilj~es, .arid other project . 
costs) is expected to be .hi ·the range of dollars per gailoii, · likely at least several dollars per 
gallon. The CECE, Bithermal Hydrogen~Water~ and Girdler Sulfide l'.rocesses all_ appear . 
to: b·e.viable c~diqate separation processes. :Av_aj.labie information is net sufficient to 

· detei-mine a clear preference -or ranking among these tritium sep~atiozi: processes. The · 
· preferred option may var} depending on power and steam costs, plant capaGltY, and base 

load v~rsus cyclic or campaign fype operations and other scenario/site specific factors. If 
. -. . 3-19 · . . 
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develpped st1ccessfully, the sprbent based processes discussed in Section.3.2.1 may aiso 
. be cost competitive.with those listed above. However, based on current available 
· information, sorbent based processes do not appear to offer a major breakthrough that 

.. will significantly reduce ·cost for tritium sepclration from -wastewater. -ff developed 
successfully, sorbent based processes could hin;e some advantages iri terms of ease of 
operation, portability, . and safety. . . 

• for separations options that p~oduce a concentrated tritium product, options for handling, · 
. storage, and disposal will significantly affect total cost. · · 

• . Cost estimates prepared to support sele~tion of the current SALDS optior{ suggest thiifthe -- -: 
. . cost for· medumical evapo_ration will be on 'the order of tenths ofa dollar per gallon, while .. 
. . costs for crib d_isposal ( current SALDS approach) are on the order 9f cents per gallon. · · 
. · (Field 1991), (Bro\vn 1993): ,These estimates w:ere·oased on the assumption that the full 

stream currently dischargecj to SALDS would be treated. 

• . The cost for ill mitigation options wili tend to i~creas~ in t~nns of dollars p~r gallon for _. 
: smaller processing capacity and intermittent operation. . . . . 

• .. Costs for water treatment at existing Hanford site pump ~d treat projects provide . . 
.. additional perspective on typical wastew,ater treatment costs. Hanford 100 area projects · -· 
. and contaminantsrer,noved a.re as follows: 100-HR-3, liexavalent chromium; 100-KR-4;: · 

•. hexavalent chromiwn; and 1 oo.:.NR-2,' Strontiuni-90 .. Fuliy burdened treatment costs for • 
. these proj ecfaveraged about $.05 per gallon for .the six ye¥5 ended 1112002 (see Section · · . 
· 5.0.ofKeltyet al. 2003). Hanford 200 areaproje~ts and containinarits removed are as · 
·follows: . .200-UP-1; uranium; technicium 99, 'carbon tetrachlori_de; and nitrate; and, 200-
. ZP-1, carbon tetrachloride: Fully burdened tn:'atmerit ~osts·for these proJecis averaged 
less .than $.03 per gallon for the six-years ended iri. 2002 (see Section 4:0 of Erb et at · 

. 2003). .• .. . . . . . .. . . 

. __ : _· • .. C()sts for options s~ch as pumping, underground barriers, and phytorernediation ~e,'.:. 
· . highly site specific; ' · · ·· ' · · · · · · 

• • . For rnitigati~h of ry1atively imall vol~mes, su~h as t;eatment or relo.cation of a relatively 
< snui.11-voh.ime· high-coricentration ,vastes; mitigation process costs ( equipment, and : .· 
. operation) are.likely to be overshadowed by o~her project costs such as waste ·, .. , .. 
' characterization,' engineering, technology developmen.tidefiriition; safety evaluations. mid . ·_ .. 
approvals, permitting, arid overfa:ads. . . ' .. . . . . . . 

· · • . For \Yast6 water that is already in the ground, it appe~s obvious that decay in place · · 
• (simply 'leaving 1t there) is the lowest cost option for:tritium mitigation. • Fqr wastewater .: 

.· · , discharged from the ETF~ continued discharge to groun:dw~ter via the SALDS is · .-·· . . . 
.-_ .undoubtedly thy lo'llest _Gost mitigation optioi . The tritium con:centration in groundwater ; 

will gradually dr.op due to radioactive decay and, dilution.: For the contamination levels in ·. 
SALDS di~charge and in groundwater identified at Hanford, decai alone will reduce •· 
tritiumconcentrations 'b,elow the drinking water standar4in less .than 100 years .. 

. · .· 
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Table 4. · Relativb Cost and Efficiency for Mitigation Approaches 

~tigation 
Approach 

Separation 
treatment 

Decay 

Pecay 

Mechanical 
.evaporation 

·. 

Typical 
Implement- , 

ation or 
Technology 

·tECE, 
bithennal 
hycfrogen, 
GS, soi-bent 

Discharge to · 
slc)\\' movin er . . . . ::, . 

· · ground water 
.. via Crib or 

percolation 
pond 

Up gradient 
pumpmg, . , 
barriers;· or 
reduced 
inflow to · 
delay release 

Boiler, 
incinerator 

"Natural" Solar 
evaporation . evaporation, 

evaporation· 
by'plants, · 
irrigation 

Efficiencies to 
meet drjnking ·• 
water standard 
demonstrated for 
CECE, expected 
ac_hieviible by 
others with · 
sufficient staging .. . 

Efficiency 
determined ~y · 
travel time to 
release point. 
Models predict 
acceptable. 
. efficiency for 
SALDS ·. 

Site specific and 
highly variable 

100_ % oftritiate<l · 
water.ca.ii be 
evaporated · 

Solar evaporation 
could evapor_ate 
essentially 100 %, 
others .highly 
variable · 

3-21 

Cost Information Comments 

Handli.µg _ and 
disposal o{ . 
concentrated · 

For large .base.load type· 
facility costs expected to . 
be iii dolhrrs per gallon 
range. · Increased by 
smaller ~ize, intermittent 
operation, or short · 
operating life. 

' tritium stream 
· will add 

For large volume 
operated over a long 
period of time (such as 
SALDS) cost expected tci 
be in cents per gallon 
range 

Costs are site specific 
and highly variable. · 
Massive barriers to 
control grotuid \vat~r 
mov:errient at Harifor4 · 
judged. economically 
infeasible -. 

For large volume base 
load typefacility cost is 
expected to be in tenths . 
of a do liar per gallon 
range. Expected to be 
m11ch higher for small 
volumes 

Costs are site specific 
andlu~hly variable 

additional costs 

Current SALDS 
approach · 

Does not appear 
. applicable to · 
Hanford due to 
large areas and 
large perimeter 

Rated very 
poorly": initial . · · 
option · 
evaluations 

Rated very 
poorly in initial . 
option 
evaluations . 
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