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ABSTRACT 

A fractional crystallization proccss is bcing dcvclopcd to supplcmcnt tank waste prctrcatmcnt 
capabilitics providcd by thc Wastc Trcatmcnt and Immobilization Plant (WTP). Fractional 
crystallization can proccss thc vast majority of tank wastcs compriscd of dissolved salts with 
rclativcly low to mcdium solublc radioactivity, scparating wastes into a low-activity fraction and 
a high-activity fraction. The low-activity fraction can bc immobilizcd in a glass wastc form by 
proccssing in thc bulk vitrification (BV) systcm. Thc high-activity fraction will bc rcturncd to 
thc doublc-shcll tank (DST) systcm for fccd to thc WTP. 

Thc Hanford McdiudLow Curie Wastc Prctrcatmcnt Projcct Phase I Process Plan rcvicws 
proccss thcory, discusscs thcrmodynamic chcmical proccss modcling rcsults, and prcscnts a 
prcliminary conccptual design for thc fractional crystallization proccss. A prcliminary cost 
cstimatc and schcdulc arc providcd for dcploying thc fractional crystallization proccss to trcat 
Ilanford tank wastcs. 

KEY WORDS 

Fractional crystallization, BV fccd, wastc prctrcatmcnt systcm, sulfate rcmoval, ccsium rcmoval, 
ESP modcl, thcrmodynamic chcmical proccss modcl, Hanford McdiumlLow Curie Prctrcatmcnt 
Projcct, burkcitc a 
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EXECUTIVE SURlhlARY 

In accordancc with thc tlanford Fcdcral Facility Agrccmcnt and Conscnt Ordcr jointly agrccd to 
by the Washington State Dcpartmcnt of Ecology (Ecology), thc U.S. Environmcntal Protcction 
Agcncy (EPA), and thc U.S. Dcpartmcnt of Encrgy - Oficc of Rivcr Protcction (DOE-ORP), all 
tlanford undcrground tank wastcs must bc trcatcd by 2028. Key to achieving this goal is to 
dcvclop and dcploy tcchnologics to trcat and immobilizc thc low activity wastcs (LAW) which 
comprisc thc bulk of thc tank contcnts. Sincc sodium nitrate compriscs thc bulk (about 67%) of 
thc tank wastcs, its rcmoval is csscntial to achicving thc dcadlinc. In 2004 DOE-ORP dccidcd 
that a proccss known as bulk vitrification (BV), a commcrcially provcn proccss for immobilizing 
hazardous wastcs, would undcrgo further dcvclopmcnt as a way to trcat thc LAW. BV was 
sclcctcd bccausc it can tolcratc highcr lcvcls of ccrtain waste componcnts, primarily sul fatc, than 
thc LAW mcltcrs currently bcing dcvclopcd for thc flanford Waste Trcatmcnt Plant (WTP). 
Although thc BV proccss is robust and can accommodatc a widcr nngc  of sulfatc bcaring fccd 
stocks than thc WTP, it is limited in thc amount of ndioactivc constitucnts (primarily cesium - 
IJ7Cs) i t  can rcccivc bccausc of considcrations for thc radiological dosc ratc to operating 
pcrsonncl and thc total curic contcnt of thc wastc packagc. Thc liquid wastc fccd to BV is mixcd 
with a glass formcr (sand), hcatcd to rcmovc cxccss moisture, and fed to a rncltcr until thc wastc 
containcr is full. To condition thc fccd for BV (i.c. incrcasc sulfatc loading and rcmovc IJ7Cs), 
whilc rcmoving sodium nitratc from tank wastcs, DOE-ORP sought a prctrcatmcnt systcm that 
could proccss dissolvcd saltcakc wastc (rctricvcd from single shcll tanks - SSTs) and dissolvcd 
salt slurry wastc (from double shcll tanks - DSTs). In Dcccmbcr 2004 fractional crystallization 
was sclcctcd for cvaluation as the prctrcatmcnt systcm and it would bc cvaluatcd by a two- 
phased program. 

Fractional crystallization is anothcr commcrcially provcn proccss, typically uscd for 
pharmaccuticals (purifying drugs) and industrial chcmicals (clcanscrs, fcrtilizcrs, ctc.), that 
works by cvaporating fccd stocks and sclcctivcly (by varying proccss paramctcrs) forming purc 
crystallinc roducts. During formation of purc crystallinc products, impurities (of particular 
intcrcst is I 7Cs) arc cxcludcd from thc growing crystal latticcs duc to diKcrcnccs in ionic radii. 
In addition, for the opcnting rangcs proposcd, thc solublc radionuclidcs arc far from thcir 
saturation conccntrations and do not crystallize from solution during cvaporation. 

Thc two-phascd program would dctcrminc thc fcasibility of using fractional crystallization by 
first dcmonstrating its usc on simulants, formulated to closely resemble SST/DST waste, then 
using it to scpantc actual SSTIDST tank wastc. It is thc goal of thc process to kccp 
radionuclides in thc liquid phasc whilc scparating low-activity sodium salts; thcrcforc, thc 
fractional crystallization systcm has to demonstrate that it can successfully remove sulfates and 
sodium nitratc as well as providc a low curic fccd to thc BV process. Thc proccsscd wastc 
containing highcr lcvcls of radioactivc materials, but lacking high lcvcls of sulfatc, will bc routed 
back to thc DSTs for eventual processing by the WTP. 

This Process Plan dcvclopcd for thc first phasc study - Phasc I of thc McdiudLow Curie 
Prctrcatmcnt Projcct - conccntratcs on the thcorctical aspects of fractional crystallization and 
how it could bc dcploycd at Hanford. Details of thc laboratory testing program with rcsults of 

P 

I 
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thc simulant cxpcrimcnts can bc rcvicwcd in llonforr[Ille~litirit/Loiv CIirie Waste Prcfreofntenf 
Project - Phase I Lohorntory Reporf (RPP-RPT-27239). 

This plan rcvicws thc basic chemical cnginccring conccpts csscntial to undcrstanding thc uniquc 
charactcristics of thc SSTIDST wastcs and how they can bc manipulatcd with Ihc fractional 
crystallization proccss variablcs. Key to this undcrstanding is thc usc of a thcrmodynamic 
chcmical proccss modcl, Environmcntal Simulation Program (ESP) by OLI Systcms, Inc, that 
was uscd to dctcrminc what reactions could occur by investigating wastc constitucnt propcrtics 
such as Gibbs Frcc Encrgy, solution solid phascs, solution ionic strcngth, cffccts of pH, 
tcmpcraturc, watcr contcnt, ctc. The modcl was uscd cxtcnsivcly to guidc laboratory simulant 
cxpcrimcnts (from two- or thrcc-component “simplc solutions” up to thc complctc multi- 
component simulants), and cstimatc actual wastc bchavior to allow conccptualizing actual 
proccss cquipmcnt. Thc usc of carbon dioxidc (carbonation), to condition thc wastc, was 
cxplorcd with the modcl and laboratory work. Treating two othcr wastc components, alumina 
and nitritcs, was cvaluatcd with thc modcl, but Icn for futurc laboratory work to dctcrminc 
fcasibility. Concurrcnt with estimating thc various crystallinc salt product yiclds, thc modcl can 
also cstimatc thcorctical ccsium rcmoval, an important considcntion for thc BV fccd. 

Using commcrcial crystallization cxpcricncc, ESP modcl prcdictions, and laboratory simulant 
work, a conceptual two-stage crystallization proccss has bccn proposcd for trcating thc Hanford 
SST/DST wastcs. To minimizc overall projcct costs, a singlc facility is proposcd for both 
dcmonstration studics (two ycars) and production capability ( I7  ycars). Thc functions/basic 
charactcristics of thc proposcd proccss componcnts arc discusscd and thcsc arc uscd as thc bascs 
for an ALARA Study and a qualitativc Prcliminary Ilazard Asscssmcnt. Bascd on thcsc 
cvaluations thc Fractional Crystallization Facility was conscrvativcly dcsignatcd as a Catcgory 2, 
non-rcactor nuclcar facility in accordancc with DOE-STD-1027-92. This dcsignation was thcn 
uscd to cvaluatc a partial life cyclc cost (including dcsign, construction, tcsting, opcration, and 
dccontamination and dccommissioning - D&D) of SI 87.7 million. This prcliminary cstimatc is 
considcrcd as a partial life cyclc cost bccausc it docs not includc DOE-ORP (owncr) or Tank 
Farm Opcrator (TFO) ovcrsight during thc facility Iifc cyclc. This cstimatcd cost also docs not 
rcflcct thc impact of opcrational dccisions, i.c. tank farm intcrfaccs (tankagc/pipin~solids 
rcmoval) and proccss analytical rcquircmcnts which havc bccn dcfcrrcd to Phase 111 of thc 
projcct. A schcdulc, which allows for dcsign work to procecd in parallel with Phasc I I  
radioactivc wastc tcsting, has also bccn proposcd which providcs for “hot” (radioactivc) 
opcrations to commcncc late in CY 2009. 
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1.0 INTRODUCTION 

1.1 PROJECT BACKGROUND 

Thc Dcpartmcnt of Energy-Ollicc of Rivcr Protcction (DOE-ORP) is rcsponsiblc for thc 
rcmcdiation ofthc Hanford Sitc tank farms, including 53 million gallons of mixcd wastc (wastc 
with both hazardous and radioactivc componcnts) containcd in 149 singlc-shcll tanks (SST) and 
28 doublc-shcll tanks (DST). DOE-ORP managcs thc Rivcr Protcction Projcct (RPP). In thc 
currcnt approach to tank waste rcmcdiation undcr thc RPP, wastc rctricvcd from thc tanks will bc 
partitioncd to scparatc thc high-lcvcl wastc (HLW) constitucnts from thc largc volumcs of low- 
activity wastc (LAW) in thc tanks. Thc tILW constitucnts arc to bc vitrificd in the Waste 
Trcatmcnt Plant (WTP), storcd onsitc, and ultimatcly disposcd of in thc offsitc national 
rcpository. Thc LAW also would bc vitrificd in thc WTP and thcn disposcd ofonsitc in trcnchcs 
that comply with thc Resource Conscrvation and Recovery Act of 1976 (RCRA) as amcndcd, 
including thc Land Disposal Restrictions of 1984, and with DOE Ordcr 435.1, Radioactivc 
Waste Managcmcnt. 

Undcr a conscnt ordcr cntcrcd into by thc Washington State Dcpartmcnt of Ecology (Ecology), 
thc U.S. Environmcntal Protection Agcncy (EPA), and thc DOE-ORP, thc trcatmcnt ofall 
Hanford Sitc tank wastc is to bc complctcd by 2028. Thc Mission Accclcration lnitiativc (MA0 
was dcvclopcd to help cnsurc that thc 2028 tank wastc trcatmcnt milcstonc would bc mct. A kcy 
clcmcnt of thc MA1 is thc testing, cvaluation, dcsign and dcploymcnt ofsupplcmcntal LAW 
trcatmcnt and immobilization tcchnologics to providc additional LAW proccssing capacity. 

In thc first quarter of fiscal ycar (FY) 2004, DOE-ORP dccidcd that thc supplcmcntal tcchnology 
known as Bulk Vitrification (BV) would undcrgo furthcr dcvclopmcnt. Thc BV proccss can 
tolcratc highcr lcvcls of ccrtain wastc componcnts (c.g. sulfatc) than the WTP. In Dcccmbcr 
2004, fractional crystallization was sclcctcd for cvaluation as a prctrcatmcnt proccss for thc 
LAW to cnsurc that problcmatic wastc componcnts arc divcrtcd prcfcrcntially to thc BV facility, 
while radionuclidcs (primarily 13'Cs and "Tc) arc divcrtcd to thc WTP. 

Thc Prctrcatmcnt Systcm will rcccivc clarificd, i.c. cntraincd solids rcmovcd, dissolvcd saltcakc 
wastc (rctricvcd SSTs) and/or dissolved salt slurry wastc (from DSTs). Entraincd solids prcscnt 
in thc LAW fccds can contain high conccntrations of 'MSr and transuranic (TRU) clcmcnts and 
must bc rcmovcd to cnsurc thc immobilized LAW mccts disposal rcquircmcnts for ? S r  and 
transuranic clcmcnts. Entrained solids removal (filtration) is to bc pcrformcd by the Tank Farm 
contractor and is outsidc the scopc of thc currcnt project. Thc function of thc Prctrcatmcnt 
Systcm will be to usc fractional crystallization to scparatc thc wastc into two or morc strcams, 
onc of which will bc routcd to the WTP fccd tanks. Thc remaining strcam(s) will bc routcd to 
BV. Thc Prctrcatmcnt Systcm will bc an intcgral component of an ovcrall wastc trcatmcnt 
systcm (SCC Figurc I ) .  

0 
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Figure 1. Tank Waste Treatment System. 
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1.2 SCOPE a - 
Demonstrating fractional crystallization for wastc prctrcatmcnt is a two phasc proccss. Phasc I 
(Scptcmbcr 2005) establishcs thc basic laboratory separation proccsscs using simulatcd tank 
wastcs and guidcd by thcrmodynamic chemical proccss simulation modcls. Results of thc 
laboratory cxpcrimcnts can bc cxamincd in the “Hanford McdiumlLow Curic Waste 
Prctrcatmcnt Project - Phasc I Laboratory Report” (RPP-RPT-27239). Phasc I I  of thc project 
rcpcats thc Phasc I cxpcrimcnts, but actual tank wastcs will bc uscd in placc ofsimulants. 
Simulant cxpcrimcnts will also bc conductcd during Phasc I1 to gain additional knowlcdgc of salt 
bchavior during crystallization. 

In addition to dcvcloping thc wastc separation proccsscs, an integral task of Phasc I was to 
invcstigatc thc fcasibility of dcploying a fractional crystallization system (FCS) at Hanford. This 
plan rcvicws thc chemical proccss basics, introduccs a prcconccptual dcsign of thc proposcd 
FCS, and presents thc estimated schcdulc and lifc cyclc cost for system dcploymcnt near thc 
Dcmonstration BV Systcm (DBVS) in thc Hanford 200 West Area. Thc proposcd sitc location 
(Figurc 2 and Figurc 3) was sclcctcd bccausc it is adjacent to thc DBVS and closc to thc 
undcrground waste tanks that will supply thc feed material. 
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2.0 PKETKEATRIENT BACKGROUND 

2.1 PROCESS OVERVIEW 

Crystallization of tlanford wastc and tlanford-type wastcs has becn practiccd in thc Hanford 
242-A, 242-S evaporators, and similar industrial proccsscs for many years. Thc opcrational 
242-A evaporator has bccn uscd to rcducc wastc volume by evaporating water and crystallizing 
sodium salts from llanford wastc. Howcvcr it docs not pcrform sclcctivc (or fractional) 
crystallization and the sodium salts arc not scparatcd and dccontaminatcd from thc rcsidual 
liquor. 

Thc proccsscs uscd to crystallizc and dccontaminatc sodium salts found in tlanford wastc arc 
currcntly practiced in commcrcial industries at high production rates', such as sodium carbonatc 
and sodium nitratc production. Fractional crystallization, as a mcthod to scparatc purc sodium 
chloridc, borate, carbonate, and sulfatc salts from brinc containing organic matter, sulfidcs, 
tungsten, iodinc, and othcr impurities was practiccd by Kcrr-McGcc Chcmical Corporation at 
Scarlcs Lake, California. Thc proccss uses tcmpcraturc swings and crystal sccding, as well as 
physical scparations to improvc yiclds and purity of thc multi-product plant. Solubility data 
dcvclopcd for thc Scarlcs Lake fractional crystallization proccsscs arc still in usc today? 
Howcvcr, tlanford wastc is unlike thc fccdstocks to commcrcial proccsscs. Thc composition of 
thc wastc varics from tank to tank and evcn cach tank is not a homogcncous mixturc. This 
variability affccts thc saturation points and thcorctical yiclds of sodium salts. Thc rclativc 
abundancc of sodium nitratc. nitritc, carbonatc, sulfatc, fluoridc, hydroxidc, and aluminatc, as 
wcll as radionuclidcs cesium, tcchnetium, and iodinc dctcrminc thc cxtcnt of crystallization and 
dccontamination that must bc achicvcd to mcct thc process rcquircmcnts. 

To mcct thc challcngcs ofscparating purc sodium salts from Hanford wastc, a graduatcd 
approach has bccn taken to thc dcvclopmcnt of thc proccss. Laboratory cxpcrimcnts have rangcd 
from simplc, two-componcnt batch crystallizations, to multi-component scmi-batch simulant 
mixturcs. Thcrmodynarnic modcling has bccn uscd to plan laboratory cxpcrimcnts and dcvclop 
proccss flowshccts. In each casc, thcrmodynamic modcling has provcn adcquatc to cstimatc thc 
outcomc of thc cxpcrimcnts. 

Laboratory expcrimcntation has dctcrmincd that thc major sodium crystal crops form in two 
distinct sizcs in batch crystallization. Burkeitc and sodium carbonate monohydratc grow slowly 
and form small crystals (10-20 micron), while sodium nitntc and nitritc grow rapidly and form 
largc crystals (>IO0 micron). Thc rclativc abundance ofthcsc crystal systems varics in thc wastc 
fccdstocks. 

' A modcrn industrial soda ash crystdlizcr produccs 100 tonshour Na1CO,.IIl20. 
Teeple. J.E., 1929. The Industrial Development of Scarlcs Lake Urincs. Chcmical Catalog Co., New York, NY. 2 
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To mcct the rcquircmcnts for sodium yicld and sulfatc rcmoval, thc FCS will bc dcsigncd to 
optimizc the conditions for growth of thc two crystal typcs. A prcconccptual configuration of 
this systcm is shown in Figurc 4. Two crystallizcrs will bc employcd and two solids scparation 
systcms will bc uscd for thc two crystal typcs. Thc crystallizcrs will opcratc in continuous modc; 
linc crystals will bc rccyclcd to the cvapontor bodics to providc crystal sccds and to incrcasc 
linc crystal rcsidcncc timc. By thcsc mcthods, thc conditions for crystallization and scparation 
can bc controllcd scpantcly; thc two crystal crops will bc sccdcd, grown, and harvcstcd undcr 
optimum conditions for thc two crystal typcs. 

2.2 

In multi-componcnt ttanford wastc, thc solubility of componcnts cannot bc prcdictcd from 
solubility diagrams or by hand calculation tcchniqucs bccausc of thc complcxity of thc 
chcmistry. Solubility of componcnts is a function of thc watcr contcnt, initial conccntrations of 
thc salts, frcc hydroxidc, tcmpcnturc, and ionic strcngth. To prcdict thc solubility of 
componcnts, thc yicld during crystallization, and thc cxtcnt of dccontamination, computational 
thcrmodynamic modcls arc uscd. 

ESP sonwarc’ has bccn cnhanccd to simulate high ionic strength aqucous systcms, such as 
ttanford wastc. Rcccntly, im rovcmcnts wcrc madc in thc sodium carbonatc, sulfatc, fluoridc, 
nitratc, and nitritc databanks to accurately prcdict sodium salt solubilitics and physical 
propcrtics of Hanford wastc. Thc ESP modcl was uscd for thc dcvclopmcnt of thc solubility 
phasc diagrams and cvaporation survcy graphs prcscntcd in this rcport. Mixcd Solvent 
Elcctrolytc (MSE) sonwarc has rcccntly bccn dcvclopcd by OLI systcms to modcl high ionic 
strength solutions such as crystallization liquors. Thc sonwarc is morc stablc than ESP; howcvcr 
at this timc it is not as accuntc as thc ESP sonwarc using the WTPBASE databank. 

Equilibrium modcling has limitations in modcling fractional crystallization. Firstly, although 
sodium salts rapidl? achicvc equilibrium in aqucous solution, mctals (such as alumina) do not. 
Thus, although mctal and mincral prccipitatcs may bc thcrmodynamically favorcd, thcir 
formation may bc kinctically limitcd. Sccondly, although thc modcls can accurately prcdict 
solubility of salts in known solutions (Le. simulants), thc accuracy of thc modcl is limitcd to thc 
accuracy of thc sampling and analysis of an unknown material (Le. large non-homogcncous 
wastc tanks). Thirdly, a thcrrnodynamic modcl cannot prcdict solubility of unknown compounds. 
Until rcccntly6, solubility data for the Na7F(PO~)y19tl~O systcm wcrc scarce. Finally, although 
thc modcl can prcdict a thcorctical Dccontamination Factor (DF - ratio of influcnt activity to 
cfilucnt activity), thc actual DF achieved dcpcnds hcavily on solid/liquid scparation and washing 
cficicncics which can not bc prcdictcd by thcrrnodynamic modcling alonc. 

EQUII.IBRIUI\I I\IODEI,INC OF FRACTIONAI. CRYSTAI.I.IZATION 

B 

’ Leased from OLI Systems of Monistown, N.J. ‘ WTPBASE databank was developed by OLI Systems for use on llanford waste chemistry. 
’”Rapidly“. in this context, is a relative term 

7SI IO-DLII-5-027, dated July 18.2005. 
Internal Mcmo, Ilerting. D. L. to Nguyen, D. M.. “Phosphate Solubility Under C Farm Retrieval Conditions,” b 
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(1) Dcspitc thc limitations, thcrmodynamic modcling has proven vcry valuablc in undcrstanding 
multi-componcnt solubility, planning crystallization cxpcrimcnts, and dcvcloping thc fractional 
crystallization proccss. 

Proccss thcrmodynamic modcling has bccn pcrformcd on I lanford wastc simulant chcmistrics to 
dcvclop thc prcliminary FCS proccss flowshccts and dctcrminc thc maximum thcorctical yicld of 
sodium salts in fractional crystallization proccsscs. Thc prcliminary flowshccts and mass 
balances of thc proposcd two-stagc crystallization proccss arc shown in Figures 5 ,6 ,  and 7. 
Appcndix A providcs SI units for thc SST Early Fccd flowshcct, Appcndix B providcs SI units 
for thc SST Latc Fccd flowshcct, and Appcndix C providcs thc SI units for the DST flowshcct. 
Thc flowshccts usc thc tcchniquc ofcarbonation (SCC Scction 3.7) to rcducc solubility ofsodium 
salts and irnprovc thcorctical sodium yicld. 

Solublc alumina salts, c.g. sodium aluminatc (NaAIOz), rcsulting from spcnt nuclcar fucl 
proccssing arc containcd in the tank wastcs. To maintain thc alumina in solution, substantial 
amounts of sodium salts (NaOtl, NalCOj, ctc.) arc nccdcd and if thcsc salts arc rcmovcd by thc 
FCS to obtain currcnt required sodium yiclds, an alumina gcl can form in tank wastcs with high 
soluble alumina content. Onc way to obtain high sodium yicld is to rcmovc thc alumina through 
Gibbsitc (AI(OH)J) crystallization; howcvcr, alumina rcmoval is not currcntly includcd in thc 
scopc of thc fractional crystallization (FC) proccss. 

Gibbsitc AI(0tI)J crystallization is thcnnodynamically favorcd and is widcly practiced in thc 
aluminum industry; howcvcr, thc crystallization rate, compared to sodium salts, is too slow to 
producc scparablc crystals by thc currcnt proccss. Although carbonation may bc applied to trim 
‘~XCCSS”  Frcc hydroxidc from thc wastc during fractional crystallization, it is not intcndcd to 
prccipitatc alumina as gibbsitc. At this timc, it is thc intcnt of thc FCS to maintain alumina in 
solution during thc crystallization proccss by modcrating thc extcnt of carbonation to maintain 
alumina solubility, but gibbsitc crystallization should bc considcrcd for futurc dcvclopmcnt. 

Anothcr potcntial mcthod to incrcasc sodium yicld is through partial oxidation of thc wastc to 
convert sodium nitritc to sodium nitratc. This mcthod has bccn proven cxpcrimcntally on 
Itanford wastc with thc usc ofozonc. Itowcvcr, the usc of50% hydrogcn pcroxidc solution, 
undcr control of redox (oxidation-rcduction potcntial) measurement has not bccn dcmonstratcd. 
Thc usc of a controllcd hydrogcn pcroxidc solution has scvcral safety advantagcs over the usc of 
ozonc gas for partial oxidation of thc wastc; howcvcr, this technology will rcquirc furthcr 
dcvelopmcnt prior to implcmcntation. 

8 
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Minimum Acceptable 
Requirement Criterion Pretreatment 

Output Stream 

2.3 TANK WASTE COhlPOSlTlON 
e 

Desired Target 

The composition of tank waste fccd solutions to thc fractional crystallization proccss will vary 
significantly during thc course of rctricval. Samplcs of thc cxpcctcd rangcs of SST and DST 
chcmical compositions arc listcd in Tablc 2 and Tablc 3 and wcrc uscd to dcvclop thc SST/DST 
simulants that arc thc modeling bascs for thc prcliminary flowshccts. Howcvcr to providc thc 
rcquircd yields and minimizc FCS proccss upscts, thc sourcc batch of rccd should bc as largc and 
homogcncous as possiblc. Opcration in this modc will allow stcady statc operation for long 
pcriods of timc with thc highcst lcvcls ofproduct yield and dccontamination. 

Na' concentration 
Na' split 

2.4 PRETREAThlENT CRITERIA 

Thc fractional crystallization proccss gcncratcs two major strcams; a low-curie, sodium salt 
product strcam which is transfcrrcd to supplcmcntal trcatmcnt, and a high-curic purgc strcam 
which is transfcrrcd to thc WTP. For thc currcnt work, minimum rcquircrncnts and dcsircd 
targct pcrformancc arc dcfincd in thc contract and shown in Tablc 1. 

5 jbJ (t/- 20%) 

Contain at least 50% of the 
Na' in the input stream 

5M(+/- 10%) 

Contain at least 90% of 
the Na' in the input 
stream 

Table 1. hlinimum Acceptable Requirements 
and Desired Targets for Pretreatment Proeess. 

Contaminants of 
concern' 
Sulfate:sodium 
molc ntio 

TRU concentration must be 
less than 100 nCi/g 
<0.01 3.0022 

TRU concentration must 
be lcss than IO0 nCi/g 

I "'CS activitv I <0.05 C i L  I <0.0012 C i L  I 

DST storage \vTP Fccd 

DV Fccd 

Must meet DST storage 
requirements and pipeline requirements and 
transfer requirementsb pipeline transfer 

Must meet DST storage 

requirementsb 
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Early' Feed 

e 
Late' Feed 

Table 2. Approximate Expected Chemical Concentrations (nlolarity) 
in SST Feed Solutions. 

0.48 

0.0s 

Analyte 

0.04 

0.01 

I Density (g/mL) 

3.90 

I .so 

I Na" 

I .60 

0.01 

I K" 

0.03 

0.0 I 

NO;' 

0.10 

0.02 

co;' 

PO;' 

1.41 I 1.16 

8.70 I 2.90 

0.03 
~ 

0.01 

0.92 
~ 

0.27 

0.59 I 0.07 

0.14 I 0.17 

0.04 I 0.05 

0.0s I 0.01 

IO0 I IO 

'Early Feed means composition ofdissolved saltcake early in the retrieval process; Late Feed means composition of 
dissolved saltcake late in the retrieval process. 

brhe activity shown in the table is representative of the levels expected in actual waste. 
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Analytc 

Density (dml.) 

e 
~ ~ 

AN-103 AN-IO4 AN-IO5 AlV-10 I 

1.46 1.41 1.43 1.45 

Tahlc 3. Approximate Expected Supernatant Clicmical Concentrations (Molarity) 
in DST Feed Solutions. 

AI-' 

K'1 

0.74 0.91 1.01 0.76 

0.28 0.1 I 0.1 I 0.59 

7.00 I 7.00 I 7.00 I 7.00 I Na" I 

011' 

NO;' 

3.68 2.46 2.1 I 3.72 

I .34 I .74 1.71 I .78 

0.007 1 0.004 I 0.003 I 0.001 I C i6  I 

F" 

s0;Z 

0.019 0.003 0.013 0.025 

0.00s 0.01 I 0.008 0.005 

I NOi' I 1.86 I 1.68 1 1.71 I 1.49 

~ 

%"' (pCimL) 

C1' 0.18 0.15 0.18 0.1 I 

co;' 0.06 0.12 0.12 0.08 

~ 

490 370 310 300 

0.006 I 0.016 I 0.005 I 0.004 I PO;' I r c20iz I 0.004 I 0.005 1 0.004 1 0.004 
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Thc proccss rcquircmcnts for 5 M sodium conccntration in thc product will bc controllcd during 
dissolution of thc product crystals whilc insolublc contaminants will bc controllcd prior to 
fractional crystallization by filtration of thc fccd at thc tank farms. 

Although thc minimum process rcquircmcnts arc at cross purposcs, thcy arc not mutually 
cxclusivc. Laboratory work’ by Dr. Dan Hcrting indicates a tradc-offbctwccn sodium yicld and 
ccsium dccontamination. This has also provcn to bc thc casc in thermodynamic modcling of 
labontory cxpcrimcnts. Howcvcr based on opcrating industrial systcms, full-scalc crystallation 
has scvcral improvcmcnts over laboratory mcthods. First, slurry dcnsity (wcight pcrccnt 
suspcndctl solids) can bc incrcascd from 20% to 40% pcr stagc in full scalc thcrcby improving 
sodium yicld. Residual product moisturc (dcliquoring) can bc rcduccd from 20% to IO% 
improving ccsium dccontamination during thc washing process. In thc full-scalc process, 
partially saturatcd wash solutions may bc uscd to minimize product loss during washing. 
Contaminant crystal inclusions should bc rcduccd duc to the highcr intensity of mixing and 
grcatcr control of supcrsaturation in the full-scalc proccss. Also, continuous operation at thc full- 
scalc allows monitoring of opcrating conditions (i.c. product yicld and contamination) to allow 
automatic control proccss paramctcrs (evaporation ratc, washing ratc) to mcct thc minimum 
rcquircmcnts and approach thc dcsircd targcts. Thus, it is expcctcd that sodium yicld and 
product dccontamination will bc improvcd in full-scalc opcrations duc to highcr slurry dcnsity, 
bcttcr product washing, highcr dcliquoring cfficicncy, and process control. 

Although high sodium yiclds (90%) havc bccn shown to bc thcrmodynamically possiblc by 
fractional crystallization of tlanford wastc, i t  is cxpcctcd that chemical or physical limitations 
will restrict thc cxtcnt ofsodium salt rccovcry. For cxamplc, the prcscncc ofhigh solubility 
salts, such as sodium hydroxidc (NaOH) and sodium aluminatc (NaAlOz) and/or complcmcntary 
solubility of sodium nitritc (NaNOz) and sodium nitntc (NaNO,) incrcasc thc dcnsity and 
viscosity of thc liquid phasc thcrcby hindcring difhsion and phasc scparation. Further research 
may bc donc on potential mcthods (is. oxidation of nitrite, alumina crystallization) to enhance 
thc yicld of fractional crystallization. 

Thc purgc stream gcncratcd from the fractional crystallization process must mcct tlanford Tank 
Farms’ storagc and transfcr rcquircmcnts. Thcsc rcquircmcnts arc intcndcd to prcvcnt or control 
thc corrosion of storagc tanks and associated transfcr systcms. Thc transfer and storagc 
rcquircmcnts arc providcd in Tablc 4. 

~ ’ RPP-RPT-26474. 
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Table 4. Tank Farms Waste Storage and Transfer Chemistry Requirements. 

'RPP-10726, Rev. I 

Bccausc fractional crystallization is pcrformcd undcr vacuum, it is cxpcctcd that all strcams 
exiting the fractional crystallization system will havc a tcmpcraturc lcss than 167OF (75OC). 

I Since the conccntrations of salts in thc purgc strcam arc not rcadily adjustablc, i t  is ncccssary to 
plan thc cxtcnt ofcrystallization to ensurc that thc minimum rcquircmcnts for tank farm 
chcmistry can be mct. Howcvcr, dcpcnding on thc targct yield and thc cxtcnt of cvaporation and 
carbonation, thc conccntrations of sodium hydroxidc and nitrite may not bc prcscnt in thc 
rcquircd quantitics in thc fractional crystallization purgc strcam. 

It is undcsirablc to add NaOfI and/or NaN02 to fhc purgc strcam, so it may bc bcncficial to blcnd 
thc purgc strcam with anothcr (existing) wastc strcam to mcct the rcquircmcnts. In many cascs, 
this can bc donc by bypassing a portion of the fccd strcam into the purgc strcam and, in gcncral, 
amounts to lcss than 2 pcrccnt of the total fccd. By this mcthod, thc chcmistry rcquircmcnts for 
storagc and transfcr can bc met without adding additional sodium salts to the waste. 

In the casc that carbonation is not used, conccntrations of sodium hydroxidc and nitrite will 
incrcasc during fractional crystallization. Thus, if thc fccd matcrial mccts the storagc and 
tnnsfcr chemistry rcquircmcnts, theoretically thc purgc strcam will also mcct thc rcquircmcnts. 

~ I 
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3.0 rRocEss THEORY 

3.1 PROCESS DEVEI.OPhlENT 

In gcncral, thc chcmical propcrtics of thc salts occurring in Hanford wastc havc bccn well 
studicd and well documcnted'. Thc solubility of thcsc salts bchavcs thc samc in radioactivc and 
non-radioactivc solutions; howcvcr, tracc spccics may be prcscnt in Hanford wastes that affcct 
thc formation and growth rates of sodium salt crystals9. 

For this rcason, thc fractional crystallization proccss is bcing dcvclopcd using a graduated 
approach. That is, thc simplest chcmical systems arc studied, tcstcd, and validatcd against 
thcrmodynamic modcls, and thcn more and morc complcx systcms arc tcstcd until rcprcscntativc 
SST/DST wastc simulants arc uscd. Oncc thc propcrtics of thcsc systems arc undcrstood, "hot" 
crystallization tcsts will bc conductcd on actual tlanford SSTIDST wastc. 

This scction discusscs process fundamentals and cxamplc calculations for diffcrcnt process 
scenarios. Thc rcsults arc uscd to guidc proccss dclinition and proccss tcsting activitics and form 
an important part of thc proccss dcvclopmcnt effort. 

Crystallization occurs when an ionic spccics cxcccds saturation in solution. Thc solubility of a 
spccics depends on conccntration, tcmpcraturc, and thc prcscncc of othcr spccics in solution. 
Fractional crystallization utilizcs thc conditions and conccntrations of thc solution to sclcctivcly 
crystallize salts from solution. By this mcthod, purc solid phascs may bc crcatcd that can bc 
scparatcd from a contaminated liquid phasc. 

In Hanford wastc chcmistry, scvcral spccics compctc for solubility and scveral solids compctc 
for prccipitation of ions. Thc dominant ions (i.c. Na*'. SOJ'', COi2, NO;') form common salts 
( i s .  NaNOJ, N ~ ~ C O J - I  H20) and doublc salts (Lc. Na(,(SOj)*COj) upon evaporation of watcr. 

Solublc radionuclidcs (Le. "'Cs, wTc, 12?) arc far from thcir saturation conccntrations and do 
not crystallize from solution during evaporation. Insoluble radionuclides (e.g. uranium, 
plutonium, amcricium) arc rcmovcd by filtration prior to the fractional crystallization process". 
By this method, nearly purc sodium salts may bc scpantcd from radioactivc contaminants in thc 
liquid phasc with thc exception of "C which will bc containcd in carbonate crystals in proportion 
to its concentration in thc liquid phase. 

For example, "Crystal Properties and Nucleation Kinetics from Aqueous Solutions of Na,CO, and Na2S0,," 

For example, "Effects of Calcium and Other Ionic Impurities on the Primary Nuclcation of Durkeite," Shi, D., 

8 

Shi, D., Rousseau, R.. Ind. Eng. Chem Res. 2001,40, 1541-1547. 

Frederick, J., Rousseau, R., Ind. Eng. Chem. Res 2003,42.2861-2869. 
"Organic complexed radionuclides, as in tanks AN-IO2 & AN-107, will not be treated by the fractional 
crystallization process. 

9 

a 
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@ Initial proccss simulation calculations focuscd on direct evaporative crystallization of thc tank 
wastc simulants, and evaporative crystallization combined with carbonation (convcrsion of 
hydroxidc to carbonatc by reaction with carbon dioxidc). During thc coursc of the work, it 
bccamc clcar that that high concentrations of nitritc and alumina in some wastc typcs rcsult in 
proccss diflicultics that may significantly rcstrict achicvablc removal cflicicncy of sodium. Two 
mcthods wcrc idcntificd for rcducing thcsc problcms: 1) oxidation of nitritc to nitratc using 
hydrogcn pcroxidc or ozonc; and 2) crystallization of alumina. Thcsc mcthods rcquirc additional 
tcsting to vcrify pcrformancc but, bascd on thcrmodynamic modcling, show good promisc of 
improving pcrformancc of thc fractional crystallization proccss. A discussion of thc modcling 
invcstigation for proccss cnhanccmcnt is containcd in Appcndix D. 

Onc output of thc proccss simulation calculations is cstimatcd cllicicncics for crystallization o f  
wastc componcnts during a batch cvaporativc crystallization proccss. Tablc 5 providcs a 
summary of rcsults ofcxamplc calculations discusscd in morc dctail later in Appcndix E. Thcsc 
cxamplcs arc bascd on evaporation to 20 molar ionic strength. If cvaporation is continucd much 
past this Icvcl, high viscosity and liquid dcnsity arc cxpcctcd to slow crystallization kinctics and 
makc solidslliquid scparation diflicult. 

Tablc 5. Summary of Batch Crystallization Simulation Yield Calculations. 

N/A = Did not appear in process simulation example. 

92.5% 

0% 

94.9% 

Whilc not all cascs havc bccn modclcd, thc rcsults prcscntcd illustratc the cKcct of carbonation 
and nitritc oxidation to approach thc desired targets dcfincd in Tablc 1. 

Thc calculations summarized in Tablc 5 arc bascd on thcorctical batch evaporations and do not 
account for losses during crystal dccontarnination or rccyclc of supcrnatc. Thcsc topics arc 
discusscd further in Scctions 3.10 and 3.1 1. 

Results summarized in this section wcrc used to help select the proposcd proccss dcscribcd in 

Section 6.0. 
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~~ ~ 

Sodium Chloride 

Sodium Sulfate 

3.2 CRYSTA1,LIZATION OF IIANFORD \VASTE 

Solubilities of binary (onc salt + watcr) solutions for common tlanford waste salts at 40°C and 
G0"C arc shown in Tablc 6". Solubilitics arc in weight pcrccnt (g solutc/lOO g solution). 

~ ~ ~ ~ ~ ~ 

NaC1 26.6 27.1 

NazSOI 32.5 31.1 

Table 6. Solubilities of Binary Solutions for Common llanford Waste Salts. 

Sodium Carbonate 

Sodium Nitrite 

Salt I Formula I 4OoC I 6OoC I 

NazCO, 32.5 31.4 

NaNO, 42.2 45.2 

Sodium Oxalate I N a z C A  I 3.06 I 3.47 I 

Sodium Aluminate 

Sodium llydroxide 

Sodium Fluoride I NaF I 4.18 I 4.33 I 

NaA102 47.7 50.4 

NaOll 56.2 63.3 

Sodium Phosphate I NaJ'O, I 17.9 I 27.2 I 

Sodium Nitrate I NaNO, I 51.7 I 55.5 I 

Thc scqucncc in which thcsc salts crystallizc upon heating, cooling, or evaporation dcpcnds upon 
their rclativc abundancc and thc approach to saturation in thc feed material. Thus, a high- 
solubility salt may crystallize bcforc a low-solubility salt. So. no gcncralization can bc madc for 
the scqucncc of  salt crystallization in variablc multi-componcnt systcms. 

Hydratcd salts (is. Na2COj-10€1~0) can form altering salt solubility and watcr conccntration. 
Double salts (i.c. N ~ ~ F S O J ,  Na7F(PO~)z.l9€lzO) can form in which onc componcnt (ix. NaF) 
dramatically rcduccs thc solubility (scavcngcs) of a second componcnt (i.c. NazSO,, NalPO,). 
"Eutcctics"can form in which two (or morc) salts (Le. NaN02 and NaNOj, KNOz and KNO,) 
exhibit complcmcntary solubility whcrc thc combincd solubility for two (or morc) salts is grcatcr 
than thc solubilities of thc single salts. 

Also, thc prcscncc of othcr cations (c.g. Li", K", Ca+*. M$*) may incrcasc or dccrcasc thc 
solubility of thc corresponding anion (AI(OH)i', NO;', COY2, OW'). For thcsc reasons, 

I' Solubility data from ESP version 6.7. 

19 



RPP-PLAN-27238 RCV. 0 

thcrmodynamic modcling is uscd to prcdict saturation points and yiclds of crystallization 
products. 

Crystals arc solids in which thc atoms arc arrangcd in a pcriodic rcpcating pattcrn that cxtcnds in 
thrcc dimcnsions (crystal latticc). A disruption of thc rcpcating pattcrn of atoms is said to bc an 
impcrfcction and when i t  is causcd by a foreign atom in the latticc, it is tcrmcd a “substitutional 
impurity.” Goldschmidt’s Rules for Ionic Substitution explain how Cs+’ can be cxcludcd from 
Na+’ bascd crystals produced by thc FCS. Even though thcy both havc thc same oxidation statc 
(+I ) ,  thc Na” ion is smallcr (Na’l ionic radius is 1.02 A and CS” ionic radius is 1.67 A) and 
thcrcforc forms a stronger bond with thc anion in thc latticc. In general, cxtcnsivc substitution 
docs not occur bctwccn clcmcnts whose radii difrcr by morc than 15%. 

Crystal habit rcfcrs to thc external appcarancc (shapc, sizc) of a crystal and is not only controllcd 
by its intcrnal structurc, but also by thc conditions at which the crystal grows. Thc rate of 
growth, thc solvcnt uscd, and thc impuritics prcscnt can havc a major impact on crystal habit. 
Crystal habit will afl‘cct thc rhcological propcrtics of thc suspcnsion, thc filtration or 
ccntrifugation cllicicncy, thc bulk density of thc solid, and thc flow propcrtics of thc solid. 
Control ofcrystal habit, along with crystal sizc distribution, is an important part of thc 
crystallization proccss. 

Crystallization can bc considcrcd a two-step proccss bcginning with thc “birth” of thc crystal 
from the supcrsaturatcd solution followed by growth of thc crystals to largcr sizcs. Thcsc 
proccsscs arc callcd nuclcation and crystal growth, rcspcctivcly. A supcnaturatcd solution is not 
at equilibrium and in ordcr to movc toward equilibrium thc solution crystallizes. Oncc 
crystallization starts, supcrsaturation can bc rclicvcd by a combination of nuclcation and growth. 
It is thc rclation bctwccn thc cxtcnt ofnuclcation to crystal growth that controls thc final crystal 
sizc and sizc distribution and thus is a crucial control aspcct of thc FCS. 

3.3 SODlURl SUIAFATE - SODlURl CARBONATE SOI.UBII,ITY 

Dcpcnding on rclativc abundancc, sodium sulfatc doublc salts may crystallizc first upon 
evaporation of wastc liquor. Dominant sulfatc salts arc thc sodium sulfatc-carbonate doublc salt 
burkcite (N~&OJ)ZCOJ or thc sodium sulfatc-fluoride doublc salt shaircritc (N~JFSOJ). 

Thc phasc diagram, dcvclopcd using thc ESP modcl, for thc H ~ O - N ~ Z S O J - N ~ ~ C O J  tcrnary 
systcm is shown in Figure 8. 

20 
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Figure 8. NaSOd-NaC03 Solubility (US.  Patent 6,787,120)'*. 

>a2C03-  iua2S04 Solubilil) 

5.0 i0.u 15.0 10.0 25.0 311.0 35.0 

hnicol ,>t% 

Operating line A-I3 depicts a solution with an initial concentration of 3 wt %a NazSO4 and 6 wt% 
NazCO3 evaporated to saturation at 100°C. Biirkeitc saturation is reached after 75 g HzO are 
evaporated, at a concentration of9  wtY0 NaZS04 and 18 wt% Na2CO3 and at an ionic strength of 
9 M sodium, Further evaporation crystallizes Naa(SOa)zCO,, depleting the solution of sodium 
sulfate and carboriatc in a 2:l mole ratio and follows the saturalion curve from B to C. At point 
C, 88 g of water have evaporated and 3.3 g N~(SO4)zCO3 have crystallized from solution at a 
concentration of  3.3 wt% NaZSO, and 29 wt% NazC03 and an ionic strength of 12 M Na. 

Sodium carbonate monohydrate (NazC03.I HzO) reaches saturation at point C and eo-crystallizes 
with burkeite upon further evaporation. In a binary H2O-NazCO3 system, the moiiohyd~ate 
crystal typically forms between 35°C and 106°C; sodium carbonate decahydrate 
( N a ~ C O ~ , l O € ~ * O ~  forms below 35'C. However, in multi-component Hanford waste, the stability 
range of sodium carbonate monohydrate is extended below 35°C due to low water activity 
(concentration). 

As shown in Figure 8, further evaporation at point C co-ciystalliLes Nal,(SO&CO? and 
Na2CO3.IHzO in equimolar proportions, so the solution is depleted in sodium sulfate and sodium 
carbonate in the same proportions. At this point, ionic strength remains constant at 12 g, At the 

l2 U.S. Patent 6,757,120, Volume Reduction o f  Aqueous Waste by Evaporative Cry&dlization of Burkeite and 
Sodium Salts, September 7, 2000, Gemesse, D 
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e invariant point, thc rclativc concentrations ofsodium carbonatc and sulfatc in solution rcmain thc 
samc whilc thc two salts eo-crystallize. 

At thc invariant point, additional sodium carbonatc-sulfatc doublc salts may form such as “high 
carb” burkcitc N~&OJ(C~J)Z.”  Thc additional salts dcplctc thc aqucous phasc of sodium sulfatc 
and carbonatc upon furthcr cvaporation. 

3.4 SODlUhl NITRATE - SODlUhl NITRITE SOI,UBII,ITY 

Thc bchavior of sodium nitrite and nitratc vary dcpcnding on othcr ions prcscnt and cvaporation 
tcmpcraturcs. 

Dcpcnding on rclativc abundance, sodium nitratc and/or sodium nitritc may crystallizc upon 
furihcr cvaporation. In othcr cascs, sodium nitratc and/or nitritc will eo-crystallizc with burkcitc 
and/or sodium carbonatc monohydmtc. In some cascs, sodium nitratc and nitritc will not rcach 
saturation until all of thc sodium sulfatc and carbonatc arc dcplctcd from thc aqucous phasc. In 
othcr cascs, sodium nitratc or sodium nitritc will rcach saturation and crystallizc bcforc thc 
sodium sulfatc or carbonate rcach saturation. 

A phasc diagram of sodium nitratc and nitritc is shown in Figurc 9. Sodium nitratc and sodium 
nitritc exhibit tcmpcnturc-dcpcndant and complcmcntary solubility. Thc solubility of each 
spccics incrcascs with tcmpcnturc. 

Thc two spccics form a “cutcctic” in which thc total sodium solubility is incrcascd whcn both I 

I spccics arc prcscnt. Thc solubility of a two-salt systcm incrcascs with furthcr cvaporation up to 
thc NaNO,-NaNOz invariant - thc point whcrc thc two salts co-crystallizc. Thus, a tcrnary 
solution containing II2O-NaNOj-NaN02 has grcatcr solubility than binary solutions of 
[IrO-NaNOj or IIzO-NaNOz. 

In binary solutions at 52‘C, thc solubility of NaNO, is I18 dl00  g HzO; thc solubility o f  NaN02 
is I09 d l00  g HzO. In a tcrnary HzO-NaNOj-NaNO2 systcm, thc total solubility incrcascs to 
182 g NaNOj + NaNOzllOO g H20 at thc NaNOj-NaNOz invariant point. 

Thc incrcasc in solubility upon cvapontion is shown by the opcrating lincs A-B and 8-C. An 
initial solution of 100 g HZO, 40 g NaNOj, and IO g NaNO2 (Point A) is cvaporatcd to NaNOj 
saturation (Point B). Thc solution is furthcr evaporated to NaNOz saturation (Point C). At a total 
of 90 g of HZ0 evaporated, thc net yicld of NaNOj is 33 g or 62.6% of thc total sodium. During 
crystallization, ionic strcngth incrcascs from 15 M to 21 M Na. 

Bccausc the solubility is tcmpcrature dcpcndcnt, the crystallization yicld may bc incrcascd by 
reducing tempcraturc. In thc above example, if the evaporation occurred at 40nC, thc sodium 
yicld would bc 68.3% at 90 g of water evaporated. Ionic strcngth at this point is 19.2 M Na. 

I ’ ” Shi, B., Rousseau, R., “Structure of burkeitc and a New Crystalline Species Obtained from Solutions ofSodium 
Carbonatc and Sodium Sulfatc,”J. Phys. Chcm. 0.2003. 107,6932-6937. 
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Thus, reducing temperature can increase the yields ofsodlum nitrate and nitrite in a batch 
evaporation process at constant ionic strength. 

3.5 A ~ U ~ f I N A  SOLUBILITY 

A diagram of alumina solubility versus free hydroxide i s  shown i t 1  Figure 10. This Oiagram is 
valid for alkaline soltitions only, where AI(OH)+-’ is the dominant aqueous specie. 

The solid lines (ESP) are isotliems in a ternary Al(OH~~-~aOH-H2O The dashed lines 
(ESP MIX) are in a multi-componenl Al(OH)~-NaOH-H*~ system saturated wlth Na2C03. 
NazSO4, NaNO2, and NaNO3. Experimental points (APPS) on the graph arc from the J.A. Apps 
report (see reference Section 9.0). Thermodynamic state properties (GJ H’ SJ) of gibbsite 
Al(OH)?, used in the calculation of  alamina solubility, were devcloped XI the Apps study. 

As shown in the diagram, alumina solubility IS a complex function of temperature, free 
hydroxide, and ionic strength. Increasing ionic strength by addition o~additiona~ sodiurn species 
increases gibbsite solubiiity but decreases sodium aluminate solubility. The increase in alumina 
soIul7ility with ionic strength IS due to the shin in the partition o f  hydroxide to aluminuan 
tetrahydroxide (AI(0H)Y) with increasing sodium concentration. 

The backward curve of the gibbsite phase boundary is caused by the formation of sodium alumit~ate 2.5 hydrate. 14 

This precipitation removes water from solution: thus increasing the concentration (shown in weight percent) of 
aluminum in solution. Ifthe diagram were on a molality scalc, the “backward curve” would not exist. 
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It desirable to maintain alumina m solution during the c~stall~zation of sodium salts. Thrs is 
because the kinetics o f  gibbsite crystallization are far slower than sodium salt crys~a~li~ation and 
supersaturation of gibbsitc can result in amorphous, high-viscosity gel formation. 

During crystallization of sodium salts, evaporation increases free hydroxide concentration and 
ionic strength of the solution. Thus, in most cases, alumina becomes more soluble up to the 
sodium aluminate phase boundary during the evaporative crystallization process. 

Operating lines o f  a DST carbonatio~i/cr?stalljzatlon process are sliown on 60°C isotherm in 
Figure 11. 

Figure 11. Operating Lines of  a DST Carboii~tion/Cry~tallization Process. 

L 
L - _  - ~ 

The green lines are solubility curves of ghbsite and sodium aluminate for binary (solid lincs) 
and sodium salt saturated (dotted lines) mult~-eomponcnt systems at 60°C. The red lines are 
successive batch steps of first carbonation, first evaporation, second carbonation, and second 
evaporation. Each step i s  designed to maintain alumina in the soluble (Af(OZ-I)<') region during 
the crystallization process. 

The blue line is a one-stage continuous c~rbonation/erystall~zation operating line. As indicated 
by this example, continuous carbonatio~crystallization allows a greater margin between the 
operating line and the alumina solid phase boundaries. 
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3.6 OXIDATION-REDUCTION (REDOX) CllEhllSTRY 

Sodium nitratc and sodium nitritc diffcr in the oxidation state of nitrogen. Nitrogen in sodium 
nitratc has a +5 valcncc state; nitrogen in sodium nitritc has a +3 valcncc statc. Whcn ionizcd in 
aqucous solution, nitrogcn retains its valcncc statc in nitratc and nitritc ions.” Nitratc and nitritc 
ions arc thc dominant rcdox couplc in aqucous Ilanford wastd6. Thcy providc a “redox buffcr” 
for thc systcm. That is, with both ions prcscnt in abundancc thc systcm is redox ncutnl and 
oxidants (such as ozonc) or reductants (such as hydrogcn) rcact with nitritc or nitntc ions 
without significantly changing thc overall redox statc of thc systcm. 

NO,-’ + 0, + NO;’ + 0, 

NO,-‘ + 11, + NO,-’ + ri,o 

(3-1) 

(3-2) 

Thcsc rcdox rcactions occur duc to radiolytic hydrolysis of water and organic compounds in 
tlanford wastc. Thc radiolysis rcactions produce rcactivc oxygcn and hydrogcn spccics which 
arc rcspcctivcly rcduccd and oxidizcd with nitritc and nitntc ions. 

An ESP thcrmodynamic simulation of a rcdox survcy of tlanford tank wastc is shown in 
Figure 12. Thc simulation indicatcs thc dominant oxidation statcs of clcmcnts from fully 
rcducing to fully oxidizing aqucous conditions at thc spccific pH and tcmpcnturc ofonc typc of a wastc. 

In this casc, whcn nitritc and nitntc arc equal, thc redox potcntial of thc systcm is t0.33 volts. 
At a redox potcntial of+0.33 volts, thc dominant form of mangancsc is Mn3OJ.a combination of 
Mn(t2) and Mn(+3). Thc dominant form ofsilvcr and mcrcury arc thcir metallic forms Ag(0) 
and tlg(0). Thc dominant form ofplutonium is insoluble Pu(t4). At an oxidation potcntial of 
+2.4 volts, plutonium is equally distributed to insolublc Pu(t4) and solublc Pu(t6). Abovc a 
rcdox potcntial of+2.4 volts, solublc Pu(+G) is thc dominant form of plutonium. 

Is Thcrmodynamically, in oxiditingconditions (such as in air) nitrite will oxidize IO nitrate. 
l6 Chromium +6 and chromium t 3  are a secondary redox couple in Ilanford wastc. However, the stability of Cr*’ 
depends u on the solid phase present (Cr(OIl),, CrOOl I, Cr20,). The equivalence point of Cr’jand Cr“‘ is an-ected 
by Ilic Cr solid phase. 3 . 
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Figure 12. ESP Thermodynamic Simulation of a Redox Survey of Hanford Tank Waste. 

Sodium hydroxide (NaOH) and sodium aluminate (NaAlOz) have very high solubility and cannot 
be easily crystallized from the waste by evaporative crystallization. At their solubility limits, the 
solution exhibits high viscosity and density, greatly hindering crystallization and crystal 
separation. 

Sodium aluminate may be considered the sodium hydroxide salt o f  aluminum hydroxide. 

Al(OH), + NuOH 4 NuAIO, i ZH,O (3-3) 

To improve the yield of sodium salts by evaporative crystallkation, carbon dioxide (COz) may 
be used to convert the highly soluble sodium hydroxide and sodium aluminate to produce low 
solubility sodium carbonate (NazCO3) and aluminum tribydroxide (gibbsite). 

2 NUON i Cll, + Nu,CO, i H20 

2 N u A Q  + CO, +3H,O + Nn,CO, + 2Al(OIf),(s) 

(3-4) 

(3-5) 
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Thcsc arc ncutralization reactions, with carbon dioxidc acting as an acid anhydride. Thc rcaction 
libcntcs hcat, and thc tcmpcraturc rise dcpcnds on thc initial conccntntions of thc rcactants. In 
highly concentrated systcms, watcr may bc added to rcducc thc tcmpcraturc risc. 

Thc ratc of rcaction of sodium hydroxidc to sodium carbonate is vcry rapid. Howcvcr, the ratc of 
gibbsitc crystallization is vcry slow.” At 50°C. gibbsitc crystals grow at a ratc of 1-2 microns pcr 
hour. Thus, carbonation may cause rapid supcnatuntion of sodium aluminate solutions. 

High-viscosity gc1s havc bccn observed to occur in sodium aluminatc solutions that arc rapidly 
ncutnlizcd or carbonated. Thcsc gcls arc causcd by thc stripping of hydroxidc from thc 
Al(O11)~” ion and crcating amorphous AI(0H)j. Thc slow growth ratc of gibbsitc prcvcnts largc, 
scparablc crystals from forming upon ncutralization of unsccdcd sodium aluminatc solutions. 

To avoid alumina gel formation, carbonation should bc controllcd to maintain suflicicnt frcc 
hydroxidc’’ in solution to maintain alumina solubility. In gcncral, alumina solubility incrcascs 
during cvaporation duc to increasing frcc hydroxidc conccntration and ionic strength up to thc 
sodium aluminatc phase boundary. 

Thus, thc goal ofcarbonation is to incrcasc sodium yicld by convcrting cxccss sodium hydroxidc 
to sodium carbonatc which can bc crystallizcd, whilc maintaining suflicicnt frcc hydroxide to 
maintain aluminum solubility. Idcally, thc solution is maintained ncar thc gibbsitc phasc 
boundary during cvapontion. 

Further carbonation of sodium carbonatc and sodium aluminatc can produce thc sodium 
bicarbonatc (NaHCOJ) and sodium alumina carbonatc hydroxidc, known as thc mineral 
dawsonitc (N~AICOJ(OH)Z). 

No,CO, i 2C0, i II,O + 2NallC0, (3-6) 

NuAI02 i CO, + 211,O + NallCO, i AI(OlI), + NuAIC03(OII), i 11,O (3-7) 

Dawsonitc is formcd in natural systcms from thc prccipitation of alumina at ncar-ncutral 
conditions. Dawsonitc has an acicular crystal habit,” making it dillicult to scparatc, dcliquor, 
and dccontaminatc. A scanning electron photomicrograph of dawsonite is shown in Figurc 13. 
Thus, dawsonitc is not a prcfcrrcd method to crystallize alumina in Hanford wastc. 

” D. L. Hening, “Fractional Crystallization of Waste From Tank 2414-1 12,” July 2005. 
I *  Free hydroxide is in addition to hydroxide bound to aluminum as Al(0 l l ) i ’  ion. 
l9 “I lydrothermal Synthesis and Thermodynamic Analysis of Dawsonite-type Compounds.” Zhang. X., et al. Journal 
of Solid State Chemistry. 177 (2004) 849-855. 

28 



RPP-PLAN-27238 Rev. 0 

Figure 13. Scanning Electron Photomicrograph of Dawsonite (U.S. Patent 5,997,836).” 

3.8 

Nitric acid (HNOJ) may bc used in placc of COr for partial ncutralization of thc ~ X C C S S  free 
hydroxidc for incrcasing sodium salt yicld. 

PARTIAL NEUTRALIZATION WIT11 NITRIC ACID 

NaOfI -+ IINO, + NaNO, + II,O (3-8) 

As in thc casc ofcarbon dioxidc, thc rcaction libcratcs hcat, and thc tcmpcraturc risc may bc 
modcnted by thc addition of  water in highly concentratcd systems. 

Rapid ncutralization with nitric acid can also cause alumina gcl formation. Thus, it is important 
to dctcrminc thc cxtcnt of ncutnlization that will maintain alumina solubility. Howcvcr, thc use 
of nitric acid instead of carbon dioxidc reduces thc likclihood of dawsonitc formation. 

3.9 SOLUBILITY PRODUCT CA1,CULATIONS 

Equilibrium modcls allow prcdiction of saturation of spccies and the excess amount that is 
crystallized during evaporation. In general, solubility of a spccics follows the “thc law of  mass 

U.S. Patent 5,997,836. Alkalai Aluminum Complex llydroxidc Carbonate Salt, and a Process for Producing Said 
Salt and Its Uses, Sato, T.: Komatsu, Y.: Iliguchi, K.: Kondo, M.; Tatebc, A. 
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a action". Whcn applied to crystallization, thc law balanccs the ratcs ofdissolution and 
prccipitation. For Ihc reaction: 

nat2 ++ BOSO,(S) (3-9) 

Thc reaction has achicvcd equilibrium oncc thc fonvard (prccipitation) and rcvcrsc (dissolution) 
ratcs havc bccomc cqual. Thc equality is quantificd in tcrms o f a  solubility product in which thc 
ionic conccntrations arc raiscd to thcir stoichiomctric cocficicnts. Using thc abovc rcaction: 

K = [B~+~][so,-~ ]= I . O ~ S ~ S X I O - ~ ~  (3-10) 

This solubility product is applicable to only slightly solublc salts in highly dilutc (or "idcal") 
solutions. For conccntratcd solutions, activity-corrcctcd solubility products arc uscd to adjust thc 
equation for intcrionic intcractions. Activity-corrcctcd solubility products usc activity 
cocficicnts (7) to adjust ionic conccntrations for thc "activc" and "inactive" fractions of ions in 
solution. For thc reaction*' 

6Nn" + 2S0," + CO," f) No(SO,),CO,(s) (3-1 1) 

Thc activity corrcctcd solubility product is: 

(3-12) 

Activity cocficicnts arc corrclatcd from cxpcrirncntal data of vapor prcssurc, frcczing point, 
and/or osmotic mcasurcmcnts from simplc and multi-component solutions. Thcy arc strongly 
dcpcndcnt upon concentration of all ionic spccics in thc particular solution. Thc abovc activity- 
eorrcctcd solubility product can bc abbrcviatcd to thc following form: 

(3-13) 

Or morc gcncrally: 

K = n aii" (3-14) 

I Whcrc cu, is thc spccics activity (activity cocficicnt x concentration) and vi is the stoichiornctric 
cocficicnt. Furthcr, the cxtcnt ofsaturation may bc cxprcsscd as a saturation ntio ( S )  which is 
thc ratio of thc calculated to the saturated solubility product. 

i 'I For simplicity, fully dissociated ions are used in this study. Actual ionic speciation may include partial 
dissociations anUor neutral species: 

1 Na'l+ COY* CI NaCO;' 
Na" + SW' - NaSOi' 
Na" + NO;'* NaNO: 

/ 
I 

I 
Forcrysrallizations, the convention is to use fully dissociated species in the precipitation reactions. This pushes the 
above reactions to the lelt, so that quantities of partly dissociated species m y  be disregarded in this study. Ilowever. 
the partial dissociations arc included in to the calculation of ionic strength. I 
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NaNOz(s) 

NaN03(s) 

S = L d L t  
For unsaturatcd solutions S < I  
For safurafcd solutions s =  I 
For supcrsaturatcd solutions s > 1  

~~ ~ 

4.625~ IO' - 
1.579XlO' 

(3-15) 

Activity-corrcctcd solubility products arc spccics and modcl dcpcndcnt. Thcy arc dcvclopcd for a 
spccific sct ofspccific chcmical equations for a limitcd tcmpcraturc nngc. For thc 
crystallizations of intcrcst, Tablc 7 is a sct of solubility products at 40°C. 

Table 7. Solubility Products at 4OOC. 

I Species I K I 

I NazC03.111zO(s) I 7.108~10' I 

1 Na~Alz04~2%11zO(s) I I. I56x IO' I 

Thc units for conccntntion for thcsc solubility products arc mola l i t~*  (g molcs solutc/1000 g 
1120). 

Ionic strcngth, I, is a measure of the interionic cffcct rcsulting primarily from clcctrical 
attractions and repulsions bctwccn ions. It is dcfincd by thc cquation: 

1 
2 

I = -zic,z; (3-16) 

Whcrc ci is ionic conccntration in molcs pcr litcr and Zi is its ionic charge. For Flanford wastc, 
whcrc sodium is thc dominant cation, ionic strcngth can bc roughly approximatcd by thc aqucous 
sodium concentration?' 

" Using molality units, the molality for 1.lZ0 is constant (55.5 moles HzO/lOOO g €lZO), so that water concentration 
is removed from the calculation of water activity. In thcsc units, the activity of water is equal to the water activity 

" In reality, the sodium is speciated into seven1 ionic and non-ionic rorms (Le. Na", NaCO;', NaSO;'. NaNOP) so 
that calculation of ionic strength is not straightforward. 

coellicient (e,t2o= y,t20). 
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To illustratc thc cffccts of ionic activities and solubility products on sodium salt yicld during 
crystallization, scvcral cxamplcs in Appcndix E dcpict batch evaporative crystallizations of 
sodium salt systcms. Thcsc systcms arc similar to thosc found in Hanford wastc. 

3.10 PRODUCT DECONTAhlINATION 

Thc conccntntions of solublc radionuclidcs in fccd liquor can incrcasc by a factor of tcn in thc 
crystallizcr. Thc cxtcnt of concentration is appr~ximatcl#~ equal to thc invcrsc of thc sodium 
yicld. Thus, a 90% sodium yicld incrcascs thc conccntration of ccsium from 0.2 CilL in thc fccd 
to 2.0 CilL in thc crystallizer. 

Thc bulk of thc radioactivc contamination is rcmovcd from thc crystallizer by thc purgc strcam 
and dcpcnding on the sodium yicld, thc purgc strcam flowratc rangcs from 10 to 50% of thc fccd 
ntc. Thc rcmaining contamination is carricd with thc crystal product to thc scparation systcm. 

Radioactivc contamination of product crystals can occur in two forms: interstitial contamination, 
which is duc to solublc radionuclidcs in intcrstitial liquor, and mothcr liquor inclusions, which 
occur duc to crystal impcrfcctions. Mothcr liquor inclusions arc usually causcd by rapid crystal 
growth ntcs, typically due to cxtrcme supersaturation. lntcrstitial contamination is causcd by 
cntrainmcnt of liquor with thc crystal cake. 

To rcmovc intcrstitial contamination, mothcr liquor is scparatcd and washcd from thc filtcr cakc. 
So, thc cxtcnt ofdccontamination is proportional to thc cxtcnt ofdcliquoring. To achicvc thc 
highcst dcgrcc of dccontarnination, highcst cxtcnt of dcliquoring is rcquircd. Centrifugation 
offcrs thc highcst cxtcnt ofdcliquoring and for this study intcrstitial liquor is assumcd to bc 
rcduccd to 10% of thc cakc mass. This is conservative since industrial applications of sodium salt 
ccntrifugation typically rcducc interstitial liquor to 5%*'. 

To furthcr rcducc intcrstitial contamination, the crystal cakc is washcd during thc ccntrifugation 
proccss to displace contaminated liquor with clcan liquid. Thc cxtcnt of dccontamination during 
thc wash proccss may bc estimated by: 

v =  1 -(l/(ltW/L))" (3-17) 

Whcrc 'D is thc fraction of residual contamination, N is thc numbcr of wash stagcs, and W/L is thc 
ratio of wash liquid to intcrstilial liquor. This calculation assumes that thc wash liquid is wcll- 
mixed with the intcrstitial tiquo?', and that thc rcsidual liquor is equal to thc initial intcrstitial 
liquor amount. Also, wash liquor must have lowcr contaminant concentrations than thc 
interstitial liquor. 

*' The concentration increase is higher if the initial feed is not satunted in sodium salts. 
"Garett. D.E. "Soda Ash", Van Nostnnd Reinhold 
"Typically, the wash liquor is not well mixed with interstitial liquor in a centrifuge. Instead, plug flow displaces 
interstitial liquor with wash liquid with little mixing between thc liquids. Thus, plug flow displacement has n higher 
dccontamination ellicicncy than equilibrium models predict. 
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0 Thus, a thrcc stagc washing proccss using a wash solution that is four timcs thc intcrstitial liquor 
mass has a thcorctical decontamination of 

V =  I -(1/(1+4))’=99.2% (3-18) 

A graph of rcsidual contamination as a function of wash to liquor ratio and thc numbcr of wash 
stagcs is shown in Figure 14. 

Figure 14. Interstitial Decontamination. 

wn. - WAS I TO INr msr rr IAL LIQUOR RATIO 

As shown in thc graph, a W/L ratio of I ,  thc numbcr ofwash stagcs has a grcatcr efl-tcct on thc 
extcnt of decontamination than thc amount of wash liquid. Thus, given sumcicnt wash volumc 
and washing stagcs, thcrc is no thcorctical limit to the extcnt of intcrstitial dccontamination that 
can bc achieved by displacement of intcrstitial liquor by wash solution. 

Idcally, wash liquid is saturated with sodium salts to rcducc product dissolution?’ This wash 
solution may be made from product liquor and the spent wash liquor may bc recyclcd to thc 
evaporator to recover thc sodium salts. By this mcthod, no additional sodium salts arc added to 

a 
2l Theoretically, a tlirec component (NaNO,, N~zCOJ, NaBO,) saturated solution is not possiblc to formulate. 
Ilowever, 8 solution approaching saturation will reduce dissolution during washing. 
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thc systcm. tlowcver, rccycling of spcnt wash liquor rcquircs a proportional increase in capacity 
of thc crystallization systcm to cvaporatc, rccrystallizc, dcliquor, and dccontaminatc thc rccyclc 
stream. 

To maintain alumina solubility in thc interstitial liquor during thc first wash, a 10 wt% sodium 
hydroxidc solution may bc rcquircd. Sodium hydroxidc maintains thc pfI of thc intcrstitial 
liquor to prcvcnt alumina gel formation in thc ccntrifugc cakc. 

An cxamplc ofccntrifugc cakc dccontarnination is shown in Figure 15. Thc initial cakc contains 
50% liquor and a ccsium concentration of 0.178 Ci/5 M Na. Thc first ccntrifugc wash stagc 
dcliquors the cakc to 10% moisturc and washcs thc cakc with saturatcd solution. In this case, thc 
wash solution to cakc liquor ratio is 3. Succcssivc wash stagcs rcducc contamination by 
displacing intcrstitial liquor with wash solution. 

Figure 15. Centrifuge Cake Dcrontamination. 

Centrifuge Cake Dccontandnation 
\VaslflJquor = 3 

I I I I I I I 

0 I 2 3 4 5 6 

Numlrr of\Varhlng Stager 

In this casc, thc cxtent ofdecontamination mects thc required spccification (0.05 Ci/5 M Na) 
aner onc wash stagc. It mects thc desired spccification (0.0012 Ci/5 M Na) ancr thrce washing 
stagcs. To mcct thc required dccontamination for WTP LAW fccd (0.00013 Ci/5 M Na), fivc 
stagcs of washing arc ncccssary. 

This cxamplc is bascd on 10% cakc liquor and pcrfcct mixing during the wash stagcs, which arc 
conservativc estimatcs. llowcver, it docs not consider contamination due to crystal inclusions. 
Crystal inclusions arc minimizcd in thc full scalc systcm by intcnsivc mixing and a controllcd 
crystal tcmpcraturc profilc/cvaporation ratc. 
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CRYSTAl.l.lZER RECYC1.E RATE 

Industrial crystallizcrs typically havc high rccyclc ntcs. That is, hydrocyclonc overflow and 
spcnt wash solutions arc continuously rccyclcd to thc crystallizer body, and a minimum purgc 
strcam is maintaincd to remove impurities. 

Ifowcvcr, bccausc tfanford wastc contains high solubility sodium salts (NaOH & NaAIOz), a 
highcr purgc to rccyclc rate must bc maintaincd to constantly rcmovc thcsc salts from thc 
crystallizer circuit. Sodium hydroxidc and sodium aluminatc rcducc watcr activity and vapor 
prcssurc and incrcasc viscosity, dcnsity, and ionic strcngth of the liquid phasc. 

Following is a graph of yicld versus rccyclc ratio. In this simulation, DST crystallizcr was 
continuously carbonatcd to maintain thc saturation ratios of Al(Oll), and NaA102.2% tlzO to bc 
cqualZx (SCC Figurc 16) throughout thc run. By this mcthod, alumina solubility is maximizcd. 
Solids dcnsity in the slurry takcoffwas 40%. 

Figure 16. DST Recycle Ratio Versus Yield 
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As shown by thc graph, sodium, sulfate, carbonatc, nitrite, and nitrate yiclds incrcasc with 
increasing rccyclc up to a ratio of 1.14:l Recyclcd Na/Fecd Na. Beyond this point, alumina 
solubility is reached, and gibbsite and sodium aluminate arc supcrsaturated. Thus, for this 
systcm, thc maximum theoretical recycle ratio is 1.14 bcforc maximum alumina solubility is 
rcachcd. 

Thc effcct of the rccyclc ntio on physical properties is shown in Figurc 17. 

I. 
I The saturation ratios for gibbsitc and SAH are both lint ordcr with respect to aluminum. 28 
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Figure 17. DST Recycle Ratio Versus Physical Properties. 0 
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a Liquid dcnsity incrcascs from 1.6 to 1.9 dmL;  viscosity incrcascs from 6.0 to 7.8 cP; ionic 
strcngth incrcascs from 12.8 to 15.8 as the rccyclc ratio is increased from 0.27 to 1.33. Thus, 
increasing thc recycle ntio increases liquid dcnsity, viscosity, and ionic strcngth by recycling 
high solubility salts. Thcsc propcrtics hindcr diITusion and liquid-solid scparability. Thc 
maximum liquid propcrtics that allow scparation may bc rcachcd bcforc the thcorctical 
maximum rccyclc ratc. Thc maximum liquid propcrtics for liquid-solid scpantion must bc 
dctcrmincd by pilot plant studics. 

lncrcasing thc rccyclc ratc also incrcascs thc rcquircd capacity of Ihc crystallizcr systcrn as 
shown in Figure 18. As the rccyclc ratio is incrcascd from 0.27 to 1.33, thc cvapontion ratc 
increases by 35%. The rcquircd volumc to maintain thc samc rcsidcncc time, dctcrmincd by thc 
slurry takeoff nte, is incrcascd by 94%. Thus, thc cxtcnt of rccyclc must bc factorcd into thc 
dcsign of thc full-scale unit. 
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Figure 18. DST Rceycle Ratio Versus Crystallizer Capacity. 
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I .  
4.0 LABORATORY CRYSTAI,I.IZATION EXPERlhlENTS 

Laboratory crystallizations of Hanford svastc simulants pcrformcd at Gcorgia Tcch wcrc 
thcrmodynamically modclcd to plan thc opcrating conditions, thc cxtcnt of evaporation, thc 
saturation points, and thc thcorctical yields. Initially, lab crystallization cxpcrimcnts followed the 
samc opcrating path as thc evaporation survcys in thc cxamplcs in Appendix E. In laboratory 
batch crystallization, thc fccd is chargcd into thc vcsscl, vacuum is drawn, and hcat applicd by 
cxtcrnal hcating. Thc batch is boilcd down until thc crystal slurry rcachcs thc maximum slurry 
dcnsity (or suspcndcd solids) that can bc maintaincd in thc vcsscl. Lab crystallizations wcrc 
tcrminatcd aflcr thc slurry dcnsity rcachcd -35 wt% solids. At this point, thc condcnscr is turned 
to total rcflux, vacuum is broken, and thc chargc is cmpticd from thc vcsscl to a scparator. 

Bccausc of thc low sodium yicld at 35 wt% solids, filtratc and/or wash liquor wcrc rccombincd 
and cvaporatcd in a sccond stagc ofcrystallization. This mcthod allowed highcr sodium yicld 
whilc maintaining a maximum slurry dcnsity of 35 wt% pcr stagc. Thc conditions of the 
crystallization stcps (i.c. tcmpcraturc, prcssurc) may vary from stagc to stagc to improvc thc 
yicld or quality of thc crystal fractions. As previously discusscd, highcr tcmpcraturcs favor 
burkcitc and sodium monohydratc yicld; lowcr tcmpcntiircs favor sodium nitratc yicld. 

A sccond method, semi-batch crystallization, was dcvclopcd to solvc scvcral problcms 
associatcd with laboratory batch crystallization. In scmi-batch crystallization, evaporations arc 
pcrformcd incrcmcntally, and thc vcsscl is incrcmcntally rcchargcd with fccd to rcfill thc vcsscl. 
By this mcthod, thc amount of solid accumulation on thc vcsscl walls is minimizcd. An cxamplc 
of a laboratory two-stagc scmi-batch crystallization simulation flowshcct is shown in Figurc I9 
with thc mass balancc of thc flowshcct shown in Tablc 8. 

In this flowshcct, the first crystallization stagc is opcntcd at 40°C and cvaporatcd to 35 wt% 
solids. Thc sccond crystallization stagc is opcratcd at 50°C and cvaporatcd to 35 wt% solids. 

Each stagc is filtcrcd and washed using a saturatcd solution. In laboratory crystallization, 
filtration typically dcliquors thc product to 20% liquid in thc filtcr cake. Thc wash solution is 
satuntcd with the product salts, and the amount ofwash solution is equal to thc mass of thc 
crystal cake. Thc final product contains 20% liquid by mass. 

Two-stagc crystallization was found to bc ncccssary to obtain the rcquircd sodium yicld using a 
maximum slurry dcnsity of 35 wt%. In addition, two-stagc crystallization allows tailoring of thc 
opcrating conditions and rcsidcncc times for thc rclative abundancc of thc sodium salts in the 
fccdstock. For a production-sizc proccss, downstream cquipmcnt such as hydrocycloncs and 
ccntrifugcs must bc tailored for thc dominant crystal type from each crystallizer. 

Dctails of thc laboratory crystallization experiments (equipment, testing protocols, obscrvations, 
results, etc.) can bc reviewed in the Hanford mcd iud low Curie Waste Prctrcatmcnt Projcct - 
Phasc I Laboratory Rcport (RPP-RPT-27239). e 
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5.0 OPERATION IIIODES 

5.1 BATCll EVAPORATIVE CRYSTAI.I.1ZATION 

Batch cvaporativc crystallization is similar to thc mcthods that wcrc initially practiccd in 
laboratory expcrimcnts. In batch crystallization, thc fccd is chargcd into thc vcsscl, vacuum is 
drawn, and hcat is applicd. The batch is boilcd down until thc crystal slurry rcachcs thc 
maximum slurry dcnsity that can bc suspcndcd in thc vcsscl. Thc chargc is then transfcrrcd to 
scparation equipmcnt for dcliquoring and washing. 

Bccausc ofthc low yicld in a one-pass batch crystallization, thc separated filtratc and spcnt wash 
may bc rctumcd to thc crystallizer, and thc proccss is rcpcatcd. Dcpcnding on thc rcquircd yicld 
and thc maximum slurry dcnsity, thc numbcr of batch crystallizations may bc bctwccn two and 
fivc passcs. 

Batch crystallization has scvcral disadvantagcs over continuous crystallization. Initially, thc 
solution is undcrsaturatcd and thcrc arc no sccd crystals prcscnt. Thus, upon cvaporation. thc 
solution may ovcrshoot saturation bcforc crystallization occurs. This rcsults in rapid nuclcation 
and crystal growth that can causc impurity inclusions which cannot bc rcmovcd by washing. 

Sccondly, in batch crystallization, thcrc is no classification and rccyclcof finc particlcs. In multi- 
component crystallization, this may rcsult in bimodal sizc distribution. Also, finc particlcs arc 
diTticult to scparatc, dcliquor, and dccontaminatc. 

Thirdly, as obscrvcd in laboratory crystallization, as thc batch is boilcd down, dry wall surfacc 
arca incrcascs, and solids may accumulatc on thc walls. Crystals formcd by thin-film cvaporation 
on thc walls may not have the samc composition or sizc distribution as crystals formcd in thc 
mother liquor and thc thin-film crystals may not bc equilibratcd with thc bulk of thc solution. 

5.2 SERII-BATCII CRYSTAI~I~IZATION 

To ovcrcomc somc of thc disadvantagcs of batch crystallization, a scmi-batch mcthod was 
dcvclopcd for laboratory crystallization. In scmi-batch modc, the crystallizcr is initially chargcd 
with solution, vacuum is drawn, thc vcsscl is hcatcd, and a fixed amount orcondcnsatc (-20% of 
thc liquid volume) is evaporated. At that point, the vcsscl is rcfillcd with fresh solution. Thc 
incrcmcntal evaporations and rcchargcs arc continucd until a slurry dcnsity of 30 wt% is rcachcd. 
Then, thc slurry is filtcrcd to scparate thc product from rcsidual liquor. Thc tcchniquc may bc 
continucd to a sccond scmi-batch stage to incrcasc thc sodium yicld. 

Scmi-batch crystallization can incrcasc crystal sizc by dissolving fincs and wall accumulation 
during rcchargc. Fresh solution is undcrsaturatcd, so it will dissolvc crystals from thc prior 
cvaporation. Bccausc of highcr surfacc arca to mass ratio, finc crystals dissolvc faster than coarsc 
crystals, thcrcforc thc rcmaining coarsc crystals can providc sccd crystals for thc ncxt 

I 
I 
' 
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cvaporation stcp. By this mcthod, thc cxtcnt of supcrsaturation is dccrcascd, thc sizc distribution 
is incrcascd, and thc potcntial for contaminant inclusions dccrcascs. Scmi-batch crystallization 
also rcduccs thc cxposcd arca of thc crystallizcr wall and thcrcby rcduccs solids accumulation. 
Any solids buildup on thc walls is rcdissolvcd upon rccharging thc vcsscl. 

Carbonation may bc carricd out ancr thc initial batch is cliargcd, as wcll as ancr cach subscqucnt 
rcchargc. By this mcthod, cxccss hydroxidc can bc trimmcd whilc alumina solubility incrcascs 
duc to ionic strcngth incrcascs during cvaporation. This mcthod prcvcnts alumina gcl formation 
by allowing thc alumina to rcmain ncar thc gibbsitc phasc boundary during thc crystallization 
proccss. 

5.3 CONTINUOUS EVAPORATIVE CRYSTAl.l,lZATION 

Continuous cvaporativc crystallization opcratcs in steady-statc mode; fccd matcrial is constantly 
fcd to thc crystallizer whilc steam, purgc, and product slurry arc constantly rcmovcd from thc 
crystallizcr. The slurry dcnsity is hcld constant by varying the hcat input and product withdrawal 
ratcs. Thc crystallizcr opcratcs at a constant tcmpcraturc and prcssurc. 

By this mcthod, flow surgcs arc takcn out from down-stream equipmcnt and thc amount of in- 
proccss storage capacity is rcduccd bccausc the cntirc batch is not discharged at oncc. 
Ilydrocycloncs, clutriation columns, and ccntrifugcs may opcratc continuously at thcir optimum 
ntcs. a - 
Continuous crystallization opcratcs at a lowcr dcgrcc of supcrsaturation than batch 
crystallization. In batch crystallization, the conccntntions can overshoot thc saturation points 
bcforc nuclcation occurs. This may causc rapid crystal growth ntcs and impurity inclusions. In 
continuous crystallization, crystal nuclci arc always prcscnt, so that thc cxtcnt of supcrsaturation 
is minimizcd. 

For a continuous proccss, two crystallizcrs may be rcquircd; onc for slow-growth rctrogradc- 
solublc salts such as sodium carbonatc and sulfatc and onc for fast-growth salts such as sodium 
nitratc and nitritc. The first s t a g  would crystallizc sodium carbonatc and sulfatc at clcvatcd 
tcmpcraturc (-60°C) and long rcsidcncc timc (-3 hours) to incrcasc crystal growth ratcs and 
crystal sizcs, rcducc sulfatc and carbonatc solubility, and incrcasc sodium yicld. 

Thc sccond crystallization stage would opcratc at rcduccd tcmpcraturc (-40°C) and short 
rcsidcncc timc (-30 minutcs) to rcducc sodium nitrate and nitritc solubility and rcducc crystal 
growth rates. By this mcthod, thc tcmpcraturc and rcsidcncc timc may be optimized for cach 
crystallizer to incrcasc thc yield and quality of thc crystal fractions. This mcthod has not bccn 
dcmonstntcd in the Phase I laboratory experiments; however, it is a ncccssary ncxt stcp (pilot 
opcration) bcforc actual plant equipment can bc sizcd and dcsigncd. 
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6.0 PROCESS DESCRIPTION 

6.1 PROCESS OVERVIEW 

As notcd in previous scctions, fractional crystallization can be sclcctivc to sodium salts and 
thcrcforc has bccn choscn to bc dcmonstratcd as thc prcfcrrcd method of supplcmcntal 
prctrcatmcnt. Bccausc of thcir abundancc, sodium salts crystallizc upon cvapontion long bcforc 
radioactivc tracc componcnts ccsium nitratc (CSNOJ), sodium pcrtcctnctatc (NaTcOJ), and 
sodium iodidc (Nal) rcach thcir solubility limits. 

Fractional crystallization paramctcrs can bc adapted to thc fccdstock such that low solubility 
sodium salts (Na2CO3, Na2SOJ) can bc rcadily crystallizcd by evaporation and tcmpcraturc 
dcpcndcnt salts (NaNOj) may bc crystallized by cooling and/or evaporation. Slow-growth 
crystals (N&,(SO&COj) rcquirc morc rcsidcncc timc than fast-growth crystals (N~NOJ). 
Carbonation may bc uscd to convcrt high solubility NaOH to low solubility Na2COJ for 
crystallization. 

As prcviously discusscd, othcr proccsscs may bc dcvclopcd in thc future to improve fractional 
crystallization yicld. Oxidation may bc uscd to convcrt sodium nitrite to sodium nitratc to rcducc 
total solubility of thc NaNOr-NaNOJ systcm. Alumina may bc crystallized prior to sodium salt 
crystallization to rcducc the sodium hydroxidc rcquircmcnt for alumina solubility. 

For a11 of thcsc unit opcrations (evaporation, carbonation, cooling, ctc.) thc fractional 
crystallization systcm must be dcsigncd to adapt to the fccdstock to achicvc high yicld and 
product &contamination. For thcsc rcasons, a two-stagc forced-circulation vacuum cryslallizcr 
systcm has bccn sclcctcd. Thc two-stage systcm has thc flexibility to allow high- and low- 
tcmpcraturc opcration and it allows fccd to bc applicd to onc or both stagcs. It also allows thc 
rccyclc of finc crystals to improvc rcsidcncc timc and crystal sizc and allows tailoring of 
dcliquoring cquipmcnt (is. centrifuges) for thc dominant crystal typcs produccd from cach stagc. 

Thc crystallizcr systcm will idcally opcratc as a continuous proccss that providcs continuous 
mcasurcmcnt and control of proccss variablcs to crcatc and maintain constant growing conditions 
for thc crystal products. Particle sizc distribution, radioactivity, liquid composition, flow rates, 
Icvcls, tcmpcraturcs, and prcssurcs will bc mcasurcd. Steaming rates, wash rates, and rccyclc 
ntcs will bc continuously controllcd to maintain stcady opcration within thc dcsircd opcrating 
rangcs. 

Idcally, continuous opcration allows minimizing the above ground inventory of ndioactivc waste 
bccausc fccd matcrial is continuously fed from the tank retrieval facility whilc product is 
continuously pumped to thc BV rcccipt tanks. Purge is continuously tnnsfcrrcd to an cxisting 
DST. This minimizcs above-ground slongc volumes of radioactivc waste solutions and is 
similar to thc existing 242-A Evaporator opcntions; howcvcr, the continuous flow to and from 
thc FCS requires furthcr evaluation oncc thc interfacing tank farm systcms arc morc fully 
dclincd. 
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In thc cvcnt of a proccss interruption, thc crystallizcr systcm will bc put on total rccyclc. Thc 
product will bc dissolvcd in condcnsatc and rccyclcd to thc fccd tank whilc thc purgc may bc 
continuously rcmovcd or rccyclcd to thc fccd tank. Thc mcthod of total rccyclc kccps thc 
crystallizcr systcm on-linc and opcrating at stcady-statc during intcrruptions in fccd or product 
rccciving systcms. 

Utilitics, such as stcam, cooling watcr, and proccss watcr will bc supplicd by packagc ("skid 
mountcd") units. Proccss watcr sitpplicd to thc proccss, cooling towcr, and thc boilcr will bc 
conditioncd by a dcmincralizing systcm to rcmovc hard watcr compounds (Ca, Mg. Si). This will 
rcducc scalc dcposits on hcat transfcr surfaccs and minimizc thc formation ofmincrals in thc 
proccss. Non-contaminatcd condcnsatc, not uscd in thc proccss, will bc rcturncd to thc boilcr to 
minimizc wastc watcr scnt to thc Elllucnt Trcatmcnt Facility (ETF). 

Workcrs' cxposurc to radioactivity will bc minimizcd by incorporating As Low As Rcasonably 
Acliicvablc (ALARA) principlcs in thc dcsign. Thc proccssing cquipmcnt uscd to handlc and 
trcat tank wastcs is houscd in sliicldcd structurcs to rcducc radiation cxposurc to workcrs. Thc 
structurc also protccts cquipmcnt from damagc duc to environmcntal conditions and providcs an 
cncloscd arca to pcrform maintcnancc. Tanks that arc uscd to contain tank wastcs or trcatcd tank 
wastcs will bc doublc containcd (as applicablc) to prcvcnt inadvcrtcnt discharge to thc 
cnvironmcnt and includc shiclding to mcct ALARA considcrations. 

Thc fractional crystallization systcm proposcd will opcratc for two ycars in a pilot dcmonstration 
modc prior to shilling to full production capacity (up to 5 gpm) to supply a Production BV 
Facility. During thc pilot dcmonstration modc, thc systcm will opcratc on cold simulants to 
cstablish opcrating paramctcrs and dctcrminc thc nccd for modifications to proccss cquipmcnt. In 
thc "hot" dcmonslration mode, actual tank wastc will bc proccsscd to allow fccd to thc 
Dcmonstration BV Facility to vary from 0.76 lo 2.2 bqm. 

6.2 PROCESS FI.O\\' DIAGRAhlS 

Proccss Flow Diagrams (PFDs) containing preliminary mass balances for SST and DST wnstc~ 
arc in shown in Figures 5,6, and 7, rcspcctively. Thc basis for thc flowshcct mass balances is 
5 gpm of 5 M Na in thc product stream to supplemental trcatmcnt (BV). Mass balances on thc 
flowshccts arc in English units (Ibm). Mass balances in mctric units (g & g-molc) normalizcd to 
1000 g feed are givcn in Appcndices A, B, and C. 

Thc simulant fccd chemistry is based on thc SST early/latc fccd and DST chcmical 
concentrations (see Section 2.1, Table 2 and Tablc 3). For simplification and model limitations, 
thc mass balances arc based upon one-stage crystallization. Thus, thc required capacity for each 
strcam of the proposed two-stage system is onc-half of thc mass balance valuc. Thc mass 
balances wcrc dcvclopcd using ESPIMSE thermodynamic modcls. 

Each llowshect is based on thc maximum theoretical yicld at thc maximum alumina solubility. 
This tcchniquc is uscd to determine the maximum radiological dose rate. The proccsscs usc 
continuous carbonation to maintain thc saturation ratios of gibbsite and sodium aluminatc to bc 
ncar-cqual and ncar-saturatcd at 40°C. 
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hllNl>lUhl DESIRED ACCEPTABLE 
REQUl REhlENT 

<0.05 CiL <0.0012 CUL 

Flowshcct yiclds and ccsium (Cs) dccontamination arc compared to thc rcquircd and dcsircd 
targcts in Tablc 9. Actual physical propcrtics (viscosity and liquid dcnsity) may limit thc yicld to 
lcss than thc thcoretical amount shown in thc flowshccts. 

DST ssr EARLY SST LATE 

FEED FI.OWSHEET FEED 
FLOWSIIEET FI.OWSIIEET 

0.001 I CVL 0.0008 CiL 0.0029 CiL 

OUTPUT 

TRU concentration 
must be lcss than 
100 nCVg 

*vTP FEED 

stream 
TRU 
concentntion 
must bc less than 
IO0 nCVg 

NIA' NIA NIA 

I 
*NIA-TI  

<0.01 

Must meet DS'T 
storage 
requirements and 
pipeline transfer 
requirements 

CRITERION 

50.0022 0.0030 O.Ol** 0.00 I8 

Must meet DSI' 
storagc 
requirements and YES YES YES 
pipeline transfer 
requirements 

'"CS activity 

Na' 
concentration 

~~ 

Na' split 

Contaminants 
of concern 

Sulfatc:sodium 
mole ratio 

DST storage 

I are not include 

5 M (+I- 20%) I 5 M (t/- 10%) 5M 1 5M I 5M 1 

**Although sulfate yield is 99.9%. high Na' yield increases the sulfate lo sodium mole ratio. 

Alumina solubility is maintaincd throughout thc flowshccts. A 10 wt% NaOH solution is uscd 
for thc first wash to maintain thc pH of the intcrstitial liquor to prcvcnt alumina gcl formation. 
This wash solution adds 2.8% to thc total sodium at thc maximum sodium salt yicld. Thc Cs DF, 
dcfincd as ( [ C S ] ~  M Na Fccd)/([Cs]/S M Product)), is 54.9 for thc SST Early Fccd Flowshcct, 
21.4 for thc SST Late Fccd Flowshcct, and 124.0 for thc DST Flowshcct. 

Tank Farm Waste Storage and Transfcr Chemistry Rcquircmcnts (Tablc 2) for thc purgc strcams 
arc mct by bypassing n small fraction (0.8%) of thc fccd strcam to thc purgc tank. Thc bypass 
incrcascs the frcc hydroxide concentration in thc purgc to 0.3 M for corrosion control. 

Chemical oxidation can potentially improve sodium yicld by rcducing ionic strength, liquid 
density, and viscosity by converting sodium nitritc to sodium nitratc and rcducing total NaNO, 
solubility. Howcvcr, at this point, this technology has not bccn dcvclopcd for this proccss and it 
is not includcd in thc current flowshects. 

I 

I 
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6.3 PROCESS OPERATIONS 

Chcmical charactcrization data of thc sclcctcd fccd will bc uscd to optimizc thc opcration of thc 
FCS. The proccss will bc thcrmodynamically modclcd to dctcrminc flow rates, tcmpcraturcs, 
and prcssurcs of thc systcm to achicvc optimum yiclds and dccontamination of thc product. Thc 
scction bclow dcscribcs thc currcntly proposcd process systcm opcration. 

Dissolvcd saltcakc and supcrnatant liquid arc rctricvcd from tlanford undcrground storagc tanks 
by Tank Farms and sent to thc FCS fccd tank for prctrcatmcnt. Prior to transfcr, thc fccd is 
filtcrcd to rcmovc suspcndcd solids. 

Rcfcrring to a process flowshcct (Figurcs 5,6, and 7) thc fccd tank providcs surgc capacity for 
fluctuations in transfcrs from Tank farms. Thc fccd ratc to thc crystallizcr systcm is balanccd to 
maintain thc rcquircd production ratc (0.76 to 5.0 gpm of 5 M solution) to BV. Dcpcnding on thc 
conccntration of thc fccd solution and the sodium yield, thc fccd ntc may bc highcr or lowcr. 

From thc fccd tank, solution is pumpcd to thc first and/or sccond stagc crystallizer and thc purgc 
tank. Dcpcnding on sodium yield and cxtcnt ofcarbonation, a small portion of thc fccd may 
bypass the crystallizcrs to providc thc purgc solution with additional sodium hydroxidc andor 
sodium nitritc to mcct DST Storagc and Transfcr Chcmistry Rcquircmcnts. 

Thc bulk of thc fccd solution cntcrs thc crystallizcr(s) in thc rccirculation piping whcrc i t  is 
blcndcd with crystallizcr slurry. Thc rccirculation strcam has a much highcr flow ratc than the 
fccd strcam. By blending in thc fccd strcam, minor variations in thc fccd strcam composition 
makc littlc or no impact to thc composition of the largc rccirculation strcam. 

Thc rccirculation strcam is hcatcd by thc cxtcmal hcat cxchangcr (rcboilcr) and providcs thc hcat 
ofcvaporation to thc crystallizer by hcating thc rccyclc strcam. Thc rcboilcr is hcatcd by low 
prcssurc stcam on thc shell sidc of thc hcat cxchangcr. To rcducc thc possibility of 
contaminating thc boilcr in the cvcnt ofa tubc failurc, an intcrmcdiatc hcat cxchangcr may bc 
uscd. 

Thc rccirculation strcam cntcrs thc crystallizcr body through a dran tubc in thc ccntcr of thc 
crystallizer body. At this point, back prcssurc from thc rccirculation linc is rclcascd, watcr boils 
off, and thc solution bccomcs supcr-saturatcd in sodium salts. Crystal nuclcation and growth 
occur in this rcgion. The ccntcr draft tubc dcsign allows crystal growth to occur in thc 
crystallizer body nthcr than on thc crystallizcr walls. Recirculation of“fincs” (small crystals) 
from thc hydrocycloncs providc sccd crystals for thc crystal growth. 

Carbon dioxidc is continuously fed to a “carbonator” in a crystallizcr rccyclc linc whcrc the 
rccyclc linc providcs sufficient back-prcssurc to allow carbon dioxidc to react with thc wastc. 
Bccausc thc crystallizer opcratcs undcr vacuum, CO2 injection in thc crystallizcr would result in 
off-gassing through thc condcnscr systcm if thc back prcssurc is not maintaincd. The ratc of 
carbonation will bc dctermincd by thermodynamic modeling. 

Above the liquid interface, a dc-cntninmcnt scction (“top hat”) on thc crystallizer allows 
discngagcmcnt of foam, solid particlcs, liquid droplcts, and aerosols. Foam is discngagcd from 
thc stcam in thc lowcr scction with thc aid ofa dcfoamcr solution. Solid particlcs and liquid 

46 



RPP-PLAN-27238 RCV. 0 

droplcts arc discngagcd with thc usc of bubblc trays with countcr-current condcnsatc flow. 
Acrosols arc discngagcd with thc use of mcsh pads (“mist eliminators") in thc top scction of lhc 
crystallizcr. 

Ovcrhcad stcam is condcnscd by a scrics of condcnscn. Thc first stagc condcnscr uscs cooling 
watcr to condcnsc the bulk ofthc stcam at ambient dcw point tcmpcraturc. A sct oftwo vacuum 
jct stcam ejcctors arc uscd to pull vacuum on thc systcm and each ejcctor has a condcnscr. 
Condcnsatc from thc ovcrhcad condcnscrs flows to a condcnsatc rcccivcr which is uscd to supply 
condcnsatc to thc wash and dilution proccsscs. 

Slurry from the crystallizcrs is proccsscd to scparatc and dccontaminatc product crystals from the 
mothcr liquor. A hydrocyclonc is uscd to scparatc coarsc (“product”) crystals from finc (“sccd“) 
crystals and conccntratc thc undcrflow slurry to -50 wt% solids. Ovcrflow sluny, containing thc 
sccd crystals, is rccyclcd to thc crystallizcr through thc spcnt wash tank. 

Thc undcrflow strcam is dcliquorcd and washcd in a multi-stage ccntrifugc. Thc dcliquoring stcp 
cxprcsscs most of thc residual liquor, which contains thc highest concentration of cesium, from 
thc crystal cake. It may bc fonvardcd to thc ncxt crystallization stagc or thc purgc tank. Washing 
steps displacc intcrstitial liquor from thc crystal cakc. Thc first wash may usc a 10% NaOH 
solution to prcvcnt alumina gcl and rcducc crystal dissolution. Thc sccond wash may usc 
condcnsatc or rccyclcd 5 M product to rcmovc most of thc residual ccsium. Spcnt wash from thc 
ccntrifugc is rccyclcd to thc crystallizcr through a spcnt wash tank. 

Crystal cakc is discharged from the ccntrifugc through a chutc to thc 5 M Product Tank whcrc it 
is dissolvcd in condcnsatc to makc a 5 M sodium salt solution for transfcr to BV. 

Liquor from the dcliquoring stagc is routcd to the purge liquor tank. Thc purgc liquor tank 
accumulatcs thc ccsium rich liquid prior to transfcrring it to Tank Farms for WTP trcatmcnt. 
Thc purgc liquor is adjusted for composition using “bypasscd fccd” and transfcrrcd to a rccciving 
DST in Tank Farms. 

All proccss operations will bc controllcd from a modular control room that is dctachcd from thc 
proccss cquipmcnt building. 

6.4 hlAJOR EQUlPhlENT LIST 

Thc major process system componcnts arc listed bclow and do not includc all thc support 
systcms or equipment that may be required in the final facility. This information will bc 
dcvclopcd as dcsign activities progress. All matcrials that contain, may contain, or contact tank 
waste or trcatcd waste should bc constructed of 304L stainlcss steel or othcr compatiblc 
corrosion resistant alloys that will allow usc o f a  widc nngc  of dccontamination or dcscaling 
solutions. Equipment sizes and required opcrating paramctcn will be bascd upon data obtained 
in pilot plant operations. 
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@ proccss Eauinmcnt 

Cor  Stongc Tank 
10% NaOH Storagc Tank 
Fccd Tank 
Carbonaton 
First Stagc Crystallizcr 
Sccond Stagc Crystallizer 
First Stagc Crystallizer Rcboilcrs 
Sccond Stagc Crystallizcr Reboilcrs 
First Stagc Crystallizcr Condcnscr 
Sccond Stagc Crystallizcr Condcnscr 
First Stagc Stcam Jct Vacuum Pump 
Sccond Stagc Stcam Jet Vacuum Pump 
Condcnsatc Tank A 
Condcnsatc Tank B 
First Stagc Hydrocyclonc 
Sccond Stagc t lydrocyclonc 
First Stagc Ccntrifugc 
Sccond Stagc Ccntrifugc 
5 M Product Tank A 
5 M Product Tank B 
Spcnt Wash Tank A 
Spcnt Wash Tank B 
Purgc Liquor Tank 

Utility Equipmcnt 

Stcam Gcncrator 
Cooling Watcr Systcm 
HVAC 

6.5 PROCESS EQUlPhlENT 

6.5.1 CO2 Storage Tank 

A liqucficd carbon dioxide stongc tank providcs a continuous supply of CO2 to carbonate thc 
crystallizcr slurry. Thc tank will be providcd by a CO2 supplier and equipped with an 
cvapontion system to vaporizc thc liquid and rcgulatc the gas supply prcssurc to thc proccss. 
The stongc vcsscl must bc largc enough to supply the FCS bctwccn deliveries. Thc COz storagc 
tank docs not rcquirc shielding or secondary containment. 
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@ 6.5.2 10% NaOH StorageTank 

A NaOtl storagc vcsscl providcs a continuous supply of 10% sodium hydroxidc (“caustic”) 
solution for ccntrifugc wash. Thc storagc vcsscl must bc largc enough to trcat thc wastc bctwccn 
dclivcrics of additional solution. Caustic will bc rcccivcd in 5 0 ~ 1 %  solution; it will be diluted to 
IOwt% using non-contaminated condcnsatc or trcatcd watcr. Thc 10% NaOII storagc tank will 
rcquirc sccondary containmcnt for spill prcvcntion, but docs not rcquirc radioactive shiclding. 

6.5.3 Feed Tank 

Tank Farms continuously tnnsfcrs tank wastc to thc fccd tank(s). Thc fccd tank providcs surgc 
capacity for fluctuations in fccd supply from Tank Farms and providcs continuous fccd to thc 
crystallizcrs. The tank has a conc bottom to prcvcnt solids accumulation and mixing is providcd 
by rccirculating thc tank contents through thc fccd pump. 

Thc hcadspacc of thc fccd tank and all othcr wastc storagc tanks may bc continuously purged 
with comprcsscd air to prcvcnt flammablc gas accumulation. Exhaust air from thc tank is routed 
to thc facility IIVAC systcm. 

6.5.4 Carbonator 

Carbon dioxidc is injcctcd into thc “carbonator” in thc crystallizcr rccyclc strcam. Thc 
carbonator incrcascs sodium salt yicld by converting highly solublc sodium hydroxidc into low 
solubility sodium carbonatc. In thc currcnt proccss, carbonation will bc uscd to trim “cxccss” 
NaOH only to avoid alumina gcl formation. 

Thc configuration of Ihc carbonator will bc dctcrmincd in pilot plant tcsts. It will bc dcsigncd to 
maximizc gas-liquid contacting and minimizc crystal attrition (brcakagc). 

Thc fccd ntc ofCO2 will be dctcrmincd by thcrmodynamic modeling. Thc cxtcnt of CO2 
rcaction during ncutralization (an cxothcrmic reaction) will bc mcasurcd by tcmpcraturc risc 
across thc carbonator. 

6.5.5 Crystnllizers 

Thc FCS crystallizen provide thc conditions for sodium salt crystallization by cstablishcd 
rcsidcnce time and selected tcmpcnturc for optimum crystal growth. The volumcs of thc 
crystallizcrs will be dctcrmincd in pilot plant studies by the required rcsidcnce time for growing 
scparablc crystals. The crystallizcrs arc currently proposcd as thc draft tube bamc (DTB) typc. 

Thc crystallizcn will bc sized to producc a nominal maximum fccd n t c  of 5 gpm of 5 M wastc 
solution to BV. The actual FCS influent fccd strcam rate will vary dcpcnding on thc 
concentration of thc fccd and thc crystallizer yicld to producc a 5bJ N a  proiuct strcam. a 
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Prcssurc in thc first stagc and sccond stagc crystallizcrs is controllcd by stcam jct cjcctors 
producing suflicicnt vacuum to allow for sub-atmosphcric boiling tcmpcraturcs. The opcnting 
prcssurcs and boiling tcmpcraturcs (saturatcd systcm) arc controllcd by thc sfcam cjcctor motive 
stcam flow ntcs. By this method, thc salt supcrsatuntion and crystal growth ratcs may bc 
controllcd. 

Conditions in thc crystallizcrs arc carcfully monitorcd and controllcd to cnsurc stcady-statc 
operation and to cnsurc adcquatc crystal growth. Thc liquid lcvcls in thc crystallizcrs arc 
controllcd to maintain adcquatc rcsidcncc timc and thc dischargc ntc is controllcd to achicvc thc 
dcsircd slurry dcnsity. Thc feed ratcs of tank wastcs and thc recycle ratcs to thc crystallizcrs arc 
monitorcd and controllcd to maintain thc liquid lcvcls within spccilicd rangcs. Thc tcmpcraturcs 
in thc crystallizcrs arc controllcd by thc hcat input ratc and thc opcrating prcssurc. Thc ovcrall 
opcrating conditions arc adjustcd to obtain thc dcsircd tcmpcraturcs and rcsidcncc timcs for 
crystal growth. 

To providc for potcntial foaming and/or frothing in thc boiling liquid, thc crystallizcrs will bc 
dcsigncd to allow for adcquate vapor-liquid discngagcmcnt in thc vapor hcadspacc. If rcquircd, 
a dcfoamcr will bc injcctcd in the vapor spacc to brcak thc foam. A wash ring will bc providcd 
at thc vapor-liquid intcrfacc to dissolve dcpositcd salts and prcvcnt accumulation of salts on the 
vcsscl walls during normal opcntions. Dcmistcrs and bubblc trays will bc uscd in thc 
crystallizcrs to control thc rclcasc of acrosols and spray nozzlcs will bc uscd to maintain and 
clcan thc dcmistcrs. 

1 
I 
I 

I 

6.5.6 Crystallizer Reboilers 

Crystallizer slurry is hcatcd in thc crystallizer rcboilcrs to a tcmpcnturc that is just abovc thc 
boiling point of thc slurry at thc crystallizer opcrating prcssurc. Back-prcssurc in thc rcboilcr 
circulation lincs prcvcnts boiling in thc rcboilcr, but allows boiling as thc slurry is dischargcd to 
fhc crystallizcr draft tubc. 

Thc crystallizer rcboilcrs usc saturatcd stcam, or hcatcd fluid from an intcrmcdiatc hcat 
cxchangcr, on thc shcll sidc to hcat thc slurry and maintain thc rcquircd evaporation ratc in thc 
crystallizer. To recover thc condcnsatc from thc rcboilcr, it must drain into a vacuum condcnsatc 
rcccivcr, whcrc a pump is uscd to brcak vacuum. 

The tcmpcraturc diflercncc bctwccn thc stcam and crystallizer slurry is kept low to limit thc 
tcmpcrafurc risc in the hcat cxchangcrs. A tcmpcraturc risc of two to thrcc dcgrccs Fahrcnhcit in 
the slurry is adcquatc to cvaporatc watcr in thc crystallizcrs. Thc small tcmpcraturc risc limits 
supcrsatuntion ofdissolvcd salts and prevcnts film boiling on thc tubc sidc of thc rcboilcr. Film 
boiling may causc precipitation of mincrals on thc tubc surfacc. 

A pump is uscd to circulate the slurry through the rcboilcr and rctum it to thc crystallizer whilc 
maintaining a strongly turbulent flow through thc circulation linc. Thc turbulcnt flow prcvcnts 
dcposits in thc pipclinc and rcboilcr. 
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e 6.5.7 Crystallizer Condensers 

Watcr cooled condcnscrs are uscd to condcnsc stcam from thc crystallizer vapor streams. The 
condcnsatc from thc condcnscrs is collectcd in condcnsatc tanks and uscd as proccss watcr as 
nccdcd in thc FCS. 

Sincc the ovcrhcad stcam and condcnsatc arc at subatmospheric prcssurc in thc condcnscrs, the 
condcnsatc must drain through a baromctric Icg, or into a vacuum condcnsatc rcccivcr, whcrc a 
pump is uscd to brcak vacuum and rcturn thc watcr for proccss USC. 

6.5.8 Vacuum Steam Jets 

Two-stagc stcam jct cjcctors arc uscd to producc vacuums in cach of thc crystallizcrs and arc 
opcratcd continuously whilc thc FCS is in opcration. Thc stcam will bc supplicd by thc auxiliary 
boilcr and sizcd to maintain thc crystallizcrs’ vacuums ovcr a rangc ofopcnting conditions. 

6.5.9 Steam Jet Condensers 

Condcnscrs arc uscd downstrcam of cach stcam jct to condcnsc thc cjcctor stcam and entraincd 
vapor. Condcnsatc is routed to the condcnsatc tanks. Inert gas (“non-condcnsablcs”) from thc 
SIc3m condcnscrs is vcntcd to the FCS HVAC systcm. a 
6.5.10 Condensate Tanks 

Two condcnsatc tanks rcccivc condcnsatc from thc firstkccond stagc condcnscrs and vacuum 
cjcctor systcms. Thc condcnsatc is continuously rcuscd in thc FCS to dissolvc thc ccntrifugc 
product to a 5 M solution. Thc condcnsatc can bc uscd to adjust thc purgc liquor conccntration, 
when ncccssary, to mect Tank Farms acccptancc critcria. The condcnsatc may also bc uscd to 
control dcposits and clean thc dcmistcr in thc crystallizcrs or uscd as thc initial wash material for 
pcriodic dccontarnination of equiprncnt. Thc condcnsatc tanks arc vcntcd to thc FCS HVAC 
systcm. 

Dcpcnding on thc watcr balance of thc system, a surplus or a dcficit of condcnsatc may occur. 
Proccss watcr dcficits arc made up by thc proccss watcr systcm. Proccss watcr surpluscs arc 
rcmovcd via tanker truck to thc ETF ancr any rcquircd chcmical analysis. 

6.5.1 1 First Stage Ilydroeyclonc 

Thc first stagc hydrocyclonc rcccivcs product slurry from the first stagc crystallizer. Thc 
hydrocyclone increases the slurry dcnsity and scpantes coarsc crystal from fines. Thc coarsc 
slurry undcrflows the hydrocyclonc and dischargcs to the first stagc ccntrifugc whcrc thc crystals 
arc washcd and substantially dewatered. The ovcrflow is rccyclcd to thc first stagc crystallizcr 
through thc spent wash tank. a 
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6.5.12 Second Stage llydrocyclone 

Thc sccond stagc hydrocyclonc rcccivcs product slurry from thc sccond stagc crystallizcr and 
opcratcs in the samc way as thc first stagc hydrocyclonc. Thc coarsc underflow is dircctcd to thc 
sccond stagc ccntrifugc, thc fincs ovcrflow is rccyclcd to thc sccond stagc crystallizcr through 
thc sccond stagc spcnt wash tank. 

6.5.13 Centrifuges 

Thc ccntrifugcs rcccivc undcrflow slurry from thc hydrocycloncs. Thc slurries arc dcliquorcd 
and washcd in thc ccntrifugcs to rcmovc most of thc intcrstitial cesium contamination. In thc 
dcliquoring stcp, cxccss solution is cxprcsscd from thc crystal cake. This liquor, containing thc 
bulk of the cesium, may bc routcd to thc sccond stagc crystallizcr or tnnsfcrrcd to thc purgc 
tank. 

A 10% NaOlI wash solution may bc uscd for thc first wash to maintain alumina solubility and is 
roughly cqual to thc volume of thc interstitial liquor. Thc sccond wash may bc condcnsatc or 
rccyclcd 5 &J product liquor. Spcnt wash solution is routcd to thc spcnt wash tank for rccyclc to 
thc crystallizcr. 

The ccntrifugcs will bc dcsigncd for rcmotc opcration and casc ofmaintcnancc. Thc opcration of 
thc ccntrifugcs is monitorcd and controllcd by thc FCS central control systcm. Thc ccntrifugcs 
may bc dccontaminatcd with proccss watcr or clcan condcnsatc whcn repairs or maintcnancc is 
rcquircd with thc flush solution routcd back to thc proccss. 

6.5.14 5 E Product Tanks 

Ccntrifugc cake is discharged by chute to thc 5 M Product Tanks whcrc condcnsatc is addcd to 
dissolvc thc solids to a 5 M solution. Mixing is providcd by thc rccyclc linc and product 
conccntration is controllcd by solution dcnsity. Product solution is tnnsfcrrcd to thc BV product 
tank continuously at B nominal ntc of up to 5 gpm. Thc 5 
to prcvcnt solids accumulation and arc vcntcd to thc FCS facility IIVAC systcm. 

Product Tanks havc cone-bottoms 

6.5.15 Spent Wash Tank 

Spcnt wash watcr and hydrocyclonc overflow arc routcd to thc Spcnt Wash Tanks which act as 
atmospheric pressure receivers for thc dischargcs from thcsc sources. Thc dischargc from the 
Spcnt Wash Tanks is rccyclcd to the crystallizcrs. The Spcnt Wash Tanks havc conc-bottoms to 
prcvcnt solids accumulation and arc vcntcd to thc FCS facility W A C  systcm. 

6.5.16 Purge Liquor Tank 

Thc Purgc Liquor Tank rcccivcs liquor from thc ccntrifugcs and dischargcs to thc dcsignatcd 
DST via thc Tank Farm piping systcm. To mcct thc Tank Farms acccptancc critcria, somc of thc 0 

52 



RPP-PLAN-27238 Rev. 0 

fccd stream may bc bypasscd to the Purgc Tank. Thc Purgc Tank has a conc-bottom to prcvcnt 
solids accumulation and is vcntcd to thc FCS facility W A C  systcm. 

6.6 CONTROL I.OGIC 

Thc FCS will bc controllcd to maintain steady-statc opcration of thc entirc crystallizcr systcm. 
All proccss variablcs, including tcmpcraturcs, prcssurcs, flow rates, tank Icvcls, ctc. will be 
mcasurcd. Input flow ratcs (wastc feed, COz fccd, steaming rates) will bc controllcd to maintain 
process variablcs at sct point values. 

Thc control systcm will allow for manual opcration during startup, shutdown, and abnormal 
opcrating conditions, but will opcratc in an automatic modc during normal conditions. In thc 
cvcnt of systcm failurc, an cmcrgcncy shutdown modc will bc providcd. 

Initially, the fccd tank and crystallizer will bc charged with frcsh solution, thcn vacuum will bc 
drawn on thc systcm bcforc fccd is hcatcd in thc rcboilcn. Opcrating prcssurc in thc crystallizcn 
will bc atljustcd by control valvcs in the stcam supply to thc cjcctors. 

Opcrating tcmpcnturc of thc crystallizcr will bc allowcd to float; thc solution will scck its own 
boiling point as thc concentration ofdissolvcd salts incrcascs at thc fixcd opcnting prcssurc. Thc 
opcnting prcssurc and resultant tcrnpcraturc may bc changcd during opcration to incrcasc crystal 
growth ratc and/or to rcducc solubilities. 

Opcnting lcvcls in thc in-proccss storage vcsscls (fccd tank, condcnsatc tank, 5 M product tank, 
purgc tank) will bc controllcd by thc dischargc rates from thc tanks. 

6.7 

Thc opcration of thc FCS will bc vcry similar to currcnt opcrations of thc 242-A Evaporator in 
thc 200 East Arca. While thc evapontor currcntly conccntrates wastc by removing a limitcd 
amount of thc watcr addcd for mobilization and transport of Ihc tank wastc, thc FCS cxtcnds thc 
cvaporation cycle to rcach a supcrsaturatcd condition from which dissolved salts can bc 
crystallizcd, scparatcd, and removed. Thcrcforc from a comparison of opcrational similarity, 
many of thc scrviccs nccdcd to support thc FCS can either bc cxtcndcd from existing 
installations in thc 200 West Area or duplicatcd from thc 200 East Arca systems. A discussion 
of thcsc scrviccs is bascd on currcnt Phase I studies of thc proposcd fractional crystallization 
proccssing facility sitcd in thc 200 West Area. 

COAIPATIBII,ITY WIT11 CURRENT IIANFORD SITE BASELINE FACILITIES 

6.7.1 Eleetrierl Power 

Electrical power will be supplied via a ncw drop from the 13.8 kV power lincs in thc vicinity of 
the BV bccausc the projected load exceeds thc BV process facility available margin. Preliminary 
cstimatcs indicatc a FCS load requircmcnt of 4G5 kVA. Rcquircmcnts for backup emergency 
power (diesel gcncntor) havc not bccn cstablishcd, but a “placcholdcr” cost for an cmcrgcncy 
gcncrator has bccn includcd in thc facility cstimatc. 
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6.7.2 Telcphone/lll.AN 

Tclcphonc and Hanford Local Arca Network (HLAN) scrviccs currcntly availablc at thc BV sitc 
will nccd to bc extcndcd to supply thc FCS. Thc exact numbcr of lincs nceded for thc tclcphoncs 
and data exchange intcrfaces will bc dctcrmincd during dctailcd dcsign of thc facility. 

6.7.3 Raw Water 

Raw watcr is currcntly uscd for retrieval opcralions in thc S Farm a m .  To supply water nccds 
(boilcr watcr makcup, firc protection, cquipmcnt flushing opcrations, sanitary scrvicc, etc.) at thc 
FCS, a 6" main will nccd to bc installcd and conncctcd to thc closcst undcrground watcr linc. 

6.7.4 Effluent Treatment 

Condcnsatc will bc formcd during thc wastc evaporation process and thc watcr balance will 
dcpcnd on thc conccntration of thc wastc feed. Ideally, if wastc concentration cxcccds 5 M thcrc 
will bc a watcr deficit; if waste conccntration is lcss than 5 M there will bc a watcr surplus. 
Watcr that cannot bc rccyclcd for proccss uscs, i.c. dilution, transfcr linc flushing, 
dccontamination flushing, etc., will bc collcctcd and transportcd, via tanker truck, to thc ETF. 

6.7.5 Tank Waste Delivery 

Tank wastc will bc dclivercd to the FCS via a hosc-in-hose transfcr (or other, doublc-containcd 
with hcating and leak dctcction) linc originating in thc arca of thc SlSY tank Farm. Bctwccn thc 
timc thc wastc is pumpcd from thc underground tanks and rcccivcd at thc FCS it will bc filtcrcd 
to rcmovc suspcndcd solids. Thc solids rcmoval systcm will bc dcvclopcd during thc facility 
dctailcd dcsign phasc and integrated as part of thc facility dcsign or dcvclopcd as a scparatc sitc 
infrastructurc project. lncludcd in thc wastc dclivcry systcm will bc new. in-linc instrumcntation 
(Coriolis mctcr, RAMAN probc analyzcr, and ccsium monitor) that could providc indication 
and/or control functions at the FCS. Thc wastc rcccipt linc, or another smallcr, doublc 
containcd, parallcl linc will rctum concentrated (high cesium) wastc to thc tank farm. A hose-in- 
hosc (or othcr, double-contained with hcating and lcak dctcction) linc will bc nccdcd to transfcr 
proccsscd tank wastc to thc DBVS facility for immobilization. 

6.7.6 Analytical Services 

A certain number (to bc dctcrmincd during Phasc 111 of the projcct) ofwet chemistry samplcs 
will nccd to bc taken to providc rcgulatory or proccss confirmation data. The closcst analytical 
facility to proccss the samplcs is the 2 2 2 4  Laboratory. 

6.7.7 Sanitary Service 

Ncw sanitary scrvicc leaching ficlds arc not dcsirablc thcrcforc sanitary wastc from changc 
rooms and rcst rooms will nccd to bc collcctcd in undcrground holding tanks. Pcriodic tank 
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pumping scrvicc, currcntly providcd at otlicr Ifanford facilitics, will have to bc cxtcndcd to thc 
FCS. 

6.7.8 Contaminated Solid Waste 

Contaminatcd solid wastc rcsulting from opcrations and maintcnancc i.c. protcctivc clothing, 
contaminatcd tools, consumablcs, ctc., will bc collcctcd at a dcsignatcd location for pick-up and 
transport to thc Hanford Ccntral Wastc Complcx. 

6.7.9 Potable Water 

Potablc watcr will bc rcquircd for changc room showcrdwashing facilitics and drinking watcr. 
Current planning for cxtcnding potablc watcr lines to thc DBVS arca arc indctcrminatc, but if 
scrvicc lines arc not cxtcndcd to this location a potablc watcr storagc tank will nccd to bc 
providcd at thc FCS sitc with pcriodic tankcr truck dclivcrics. 

6.7.10 Support Facility 

During thc initial FCS opcrations, a temporary control room (modular building) will bc utilizcd 
to control thc fractional crystallization process scparatc from thc DBVS. A tcmponry control 
room was sclcctcd bccausc it may be advantageous to control thc DBVS and FCS from thc samc 
location. This will bc a Phasc I I I  dccision. Thc modular building will have spacc allocatcd for 
thc additional opcntions day staff. Maintcnancc functions arc assumcd to bc supplicd from a 
"ccntral pool" availablc on sitc. Ancr thc dcmonstration phasc is complctc, it is assumcd that thc 
opcration of thc fractional crystallization and BV proccsscs can bc combincd into a singlc facility 
with suficicnt spacc to accommodatc a11 thc rcquircd support s t a r  for both proccsscs. 

6.8 UTILITIES EQUlPhlENT 

6.8.1 IlVAC 

Thc building IIVAC will bc a sccondary conlincmcnt dcsigncd Io prcvcnt the dispcrsal of 
airbornc contamination to thc cnvironmcnt in thc cvcnt ofan accident in building spacc. A 
dircrcntial prcssurc will be maintained bctwccn potentially highcr to lower contamination 
volumes starting with thc process area (unoccupied) to staging area (occasionally occupied) to 
outsidc atmosphere. Airflow within the building will be from arcas of less contamination to 
potentially highcr contamination starting from the outsidc atmosphcrc IO staging arca to proccss 
arm. Thc systcm will also providc for various process tank ventilation. Undcr emergency 
conditions, if the fans arc rcquircd to bc operated, thc building should be capablc ofbcing 
maintaincd at a minimum ncgativc prcssurc of 0.1 in. wg relative to thc outsidc atmosphere. 

The building W A C  systcm will use ncw exhaust systcms ofa dcsign that is currcntly qualified 
for usc in tank farm rctricval activitics. Thc rated capacity of thcsc cxhaustcr systcms is 3,000 
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cfm at 30 in. wg and thcy will bc slightly modificd to change from a portablc to a pcrmancnt 
application. Thc building W A C  systcm will consist of scvcral exhauster units and will havc the 
capacity to opcratc the process whilc onc unit is oMinc for maintcnancc. At thc prcscnt stagc of 
planning, cach exhaustcr systcm consists oftwo stagcs of HEPA filtration prcccdcd by a 
prcfiltcr. Thc exhaust fan and environmcntal/rcgulatory monitoring systcm is located 
downstrcam of thc HEPA filters. To minimize condcnsatc on thc HEPA filtcrs, a hcatcr is 
locatcd upstrcam to maintain thc rclativc humidity at 70% or bclow at thc HEPA filtcrs. In this 
application, high moisturc air is not anticipatcd so a dcmistcr is not includcd howcvcr spacc for a 
dcmistcr will bc providcd if nccdcd in the futurc. lnstrumcntation providcd in cach exhauster 
systcm includcs diffcrcntial prcssurc across prcfiltcrs and HEPA filtcrs and tcmpcraturc along 
various points in thc system. Exhaust gas monitoring includcs a continuous air monitor and 
rccord sampling systcm currently approved for Hanford USC. 

Thc building will bc hcatcd and coolcd (as rcquircd) to allow pcnonncl to work in thc staging 
arca of thc building. Thc process arca is not a normally occupicd area and tcmpcraturc in this 
arc3 is controllcd only to maintain process conditions and cquipmcnt tcmpcraturc limits. 

Thc actual requircd systcm capacity will dcpcnd on building configuration, but will bc dcsigncd 
to mcct rcgulatory rcquircmcnts for this emission sourcc. Applicable and rclcvant rcquircmcnts 
includc: 

ANSVASME N509, Nuclcar Powcr Plant Air-Clcaning Units and Componcnts 

ANSVASME N510, Testing ofNuclcar Air Trcatmcnt Systcms 

ANSVASME AGI, Codc on Nuclcar Air and Gas Trcatmcnt 
I 

I 
I 

I 
I 
~ 

Gascous and particulate eMucnt monitoring will comply with ANSVHPS N13.1, Guidc 
to Sampling Airbomc Radioactive Matcrial in Nuclcar Facilitics. 

6.8.2 Steam Generator 

Under currcnt considcrations, thc stcam gcncrator will bc a skid-mounted, oil-fircd unit located 
insidc thc FCS building and sizcd to mcct thc maximum dcmand of thc FCS. To avoid 
contaminating thc stcam gcncrator with radioactive process fluids, mcans such as vacuum 
breakers, intcrmcdiatc heat cxchangcrs, ctc. will need to bc considered during dctailcd dcsign. 
Fucl oil tanks, to supply thc boiler, will bc outside, above-ground, double-containcd units 

I compliant with WAC 173-180. 

6.8.3 Cooling Water System 

A countcrflow, induced-dnn cooling towcr will produce cooling water for the condcnscrs. Thc 
cooling towcr USCS ambicnt cooling and produccs cooling watcr for usc in the crystallizcr 
condcnscrs and thc vacuum pump condcnscrs. Thc cooling towcr basin will havc sullicicnt 
capacity for thc cntirc volumc ofthc cooling watcr in thc systcm and will rcquirc 
trcatmcntlblowdown systems to control biofouling and total dissolvcd solids. 
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6.8.4 Secondary Containment System 

Sccondary containmcnt compliant with WAC-173-303 will bc provided for thc FCS tanks and 
tank systcms that contain rcgulatcd wastcs. Sccondary containment rcquircd for thc abovc 
ground fucl oil storagc tanks and rclatcd cquipmcnt will bc dcsigncd to comply with thc 
rcquircmcnts of WAC 173-180 “Facility Oil Handling and Dcsign Standards Rulc.” 
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e 
7.0 PREI,IRIINARY IIAZARD ASSESSAlENT 

Thc FCS must bc intcgratcd with the safcty basis, opcrations, and maintenance conccpts 
currently in place for thc Hanford Sitc tank farms. As a first stcp in this process, a preliminary 
hazard asscssmcnt was conductcd to qualitativcly idcnti fy thc hazards prcscntcd by this ncw 
facility, taking into account thc current state of thc projcct previously dcscribcd in this documcnt. 
As the dcsign for thc proccss, and the facility enclosing it, arc further dcvclopcd more rigorous 
rcvicws will bc rcquircd to comply with thc rcquircmcnts of DOE Ordcr 5480.23, Nrtclecrr S{@y 
Analysis Reporf. IO CFR 830, and the DOE Standard Ilazard Cafegorizafion a d  Accidetrf 
Analysis Tecliuiqitesjor Conipliairce IViIli DOE Order 5480.23, Nircleor Safefy Analysis Reports 
(DOE-STD-1027-92). Whcn cvcntually complctcd, all thc hazards for thc FCS will bc 
documcntcd in a facility spccific Safcty Analysis Rcporl. 

In dcvcloping this asscssmcnt for thc facility two broad nngcs of hazards wcrc rcvicwcd: a) 
radiological hazards, and b) occupational and non-ndiological hazards. In addition hazards wcrc 
rcvicwcd for neighboring facilities that included thc 241-S and 241-SY tank farms, which will 
supply fccd to thc FCS, and thc DBVS, which will rcccivc thc proccsscd wastc. Hazards within 
thcsc neighboring facilitics arc summarized in Tablc IO, Hazards Idcntification Form. 

Radiological hazards within thc facility consist of the invcntory of radionuclidcs containcd in thc 
influent tank wastc fccd, the “in-process” solutions containcd in thc process systcm componcnts, 
and thc various process cfllucnts i.c. purgc strcam to thc DSTs, fccd strcam to thc DBVS, 
vcntilation systcm exhaust, ctc. In gcncral “timc, distance, and shiclding” will bc thc primary 
protcctivc mcasurcs. Occupational and non-radiological hazards consist of common industrial 
hazards found in a process plant i.c. energy sourccs, prcssurizcd systcms, cquipmcnt 
maintcnancc, ctc. Also included in this category arc thc chcmical hazards associatcd with thc 
proccss itself and natural phcnomcna which could affcct thc facility and its opcrators. Primary 
prcvcntivc measures for occupational/non-radioactivc hazards will be cnginccring controls, 
Conduct of Opcrations, and propcr pcnonal prolcctivc cquipmcnt (PPE). 

I 7.1 RADIOI,OCICAI, IIAZARDS 

The primary radiological hazard in the FCS facility is thc potential dosc ratc from equipment and 
piping carrying thc wastc fccd solutions during various stages of processing. From valucs 
prcscntcd in the projcct SOW. concentrations of ’” Cs can rangc from 100 pCilmL for the SST 
Early Feed, to IO pCi/mL for the SST Late Fecd. Concentrations for ‘“Cs in the DST fccd can 
be as high as 490 pCi/mL. Based on this variability of conccntrations, an ALARA study 
(Appendix F) was performed using an assumcd facility configuration (Figurc 20) and thc DST 
fccd as thc basis. For simplicity, all dosc ratc was assumcd to come from thc crystallizcr. 
Components, c.g. condcnscr, rcboilcr, ctc., which in conventional crystallizcrs arc intcgnl with a 
“skid” arrangement, were spread out within thc process area to begin considcring maintcnancc 
acccssibility. Thc results ofthis preliminary ALARA study arc included as Appendix F. For 
cstimating purposcs, additional intcmal shield walls arc proposcd in thc facility to minimizc 
pcnonncl cxposurc during maintcnancc and opcration. 

0 
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Table 10. Hazards Identification Form. 

Vehicles In Motion NA NA NA NA 4.5 4.5 

Natural Events 6 NA NA NA 1.2.3.4. 1.2.3,4.5.6. 
5.6.7.8. 7.8.9.10 

0. 10 
I I I 

The hazard identification represents the hazards that auld potentially cause an unmtrolled release c 
materials only. Hazards only resulting in personnel Injury are not included. 
PT = potentially present In the tanks 
PF =potentially present In the fadlily 
PE = potentially present elsewhere lnladjacent lo fadlily 
1 The hazards identification for the tank farms were obtained from RPP-13033 
2 The hazards Identification for the BV facility was obtained han RPP-23429 

7,6.9. 10. 11. 

2.3.4.6.8.9. 

T 2.4.5.7.6 

1.2.3.4.5.6, 
7.9. 10. 12. 

9.10.11.12. = - t i  5,6,7 8.12 

1.2.3.4.5.6. 
7.8.9. 10, 11. 
12. 14. 15. 16. 

2.5.6.7.8.9 

1.2.3.01. 71 
7.6,9. 10 

adioactive or hazardws 

a 
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Table 11. llazard Identification Checklist and Energy Designators. 

C 
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Spills or lcaks rclcasing contaminated liquids from thc proccss systems arc othcr sourccs of 
radiological hazards. To minimizc this potential, proccss fluids will bc doublc containcd when 
cxtcrnal to thc facility. lnsidc thc facility thc normal singlc wall piping systcms will dcpcnd on 
building containmcnt and local catch basins to prcvcnt rclcascs to the environmcnt. During thc 
dcsign phasc, stainless stccl lincrs or impcrvious coatings, c.g. AmcronTh’ should bc considered 
for additional lcak protection and fluid barricr during watcr wash-down. 

Thc proccss systems will be providcd with flush and drain conncctions to minimizc cxposurc 
during maintcnancc. Thc contaminated liquids will bc routed back to thc proccss to minimizc 
wastc gcncration. Anothcr conccpt to bc cxplorcd during thc dcsign phasc (Phasc 111) is to 
includc cquipmcnt with “cartridgc” type rcplaccmcnt to minimizc maintcnancc stay timc in 
proccss arcas. Building W A C  will bc zoncd to allow air flow from the “least” to potcntially 
“most” contaminated area and will includc vcnts from somc of thc proccss tankdvcsscls. Thc 
W A C  systcm will bc based on configurations currcntly uscd for tank farms local cxhaustcrs and 
will consist of rcdundant units as rcquircd to provide minimum ventilation in thc cvcnt of failurc 
of onc unit. Thc nccd for redundant capability will bc cstablishcd during Nuclcar Safcty and 
Hazards Analyscs. Thc cxhaust stack will be cquippcd with continuous cmissions monitoring 
cquipmcnt and will comply with thc rcquircmcnts of thc Hanford Sitc Air Opcrating Pcrmit. 

7.2 OCCUPATIONAI, AND NON-RADIOI,OCICAI~ IIAZARDS 

7.2.1 Flammable Cas  Dcflagration a 
Thc potential for a flammablc gas hazard cxists at all tank farm facilities whcrc wastcs arc 
prcscnt. Thc gcncration of flammablc gas, primarily hydrogcn, in tank farms wastcs has bccn 
wcll documented and is the rcsult of radiolysis of watcr and organics, thcrmolytic dccomposition 
of organic compounds, and corrosion of stccl tank walls. Additional flammablc gascs may 
consist of ammonia, mcthanc, or othcr organic compounds containcd in thc wastc. Thc quantity 
of gas availablc dcpcnds on the composition of wastc in a tank, the quantity of wastc prcscnt in a 
tank, and thc vcntilatiodambicnt prcssurc in a tank. Since thc FCS will bc rccciving only clcar 
(no particulatc) filtered liquids from the tank farms, thc conccntrations of dissolvcd gasscs will 
bc limitcd to their solubilities in thc tank liquids at thc pumping tcmpcraturc. lnsidc thc FCS 
facility, whcrc thc gasscs will bc strippcd from solution during the evaporation proccss, thc 
gasscs in vcsscldcomponcnts will be removed by an cxhaust systcm that is vcntcd to thc 
atmosphcrc via thc W A C  systcm. 

7.2.2 Hazardous Chemical Exposure 

Tank Waste may present a toxicity hazard due to the prcscncc of toxic metals or thc prcscncc of 
toxic organic compounds. Exposures to the wastc, asidc from the radiological hazard, should bc 
avoidcd to prcvcnt toxic cffccts. 

Thc wastc solutions handlcd at the FCS arc caustic duc to thc concentration of sodium 
hydroxidc. Ingestion may causc scvcrc bums of mouth, throat, and stomach, and scvcrc scarring 

62 



RPP-PLAN-27238 RCV. 0 

@ of tissuc may rcsult. Skin contact can causc irritation or scvcrc bums and scarring with grcatcr 
cxposurcs. Eyc contact can cause irritation, and with grcatcr cxposurcs it can causc bums that 
may rcsult in pcrmancnt impairment of vision, or cvcn blindncss. 

Cnrhon dioxide may bc uscd at the FCS to carbonate tank wastes for hydroxidc ncutralizafion. 
Thc gascous carbon dioxide. as uscd in thc proccss, prcscnts a suffocation hazard ifthc gas is 
rclcascd in a confined space and inhalation of high concentrations may C ~ U S C  hypcrvcntilation 
and unconsciousness. Thc liqucficd gas will bc providcd with outdoor storagc and prcscnts 
hazards common to liqucficd gascs undcr prcssurc. 

llvdroeen peroxide (50% liquid solution) may be uscd, pcnding furthcr evaluation, at thc FCS 
to oxidizc tank wastcs. Inhalation ofgascous hydrogcn pcroxidc can causc chemical bums to thc 
rcspiratory tract in addition to ulceration of nasal tissuc, insomnia, ncrvous trcmors with numb 
cxtrcmitics, and in cxtrcmc cxposurc cascs, chcmical pneumonia or unconsciousncss. Ingestion 
of hydrogcn pcroxidc may cause gastrointcstinal irritation with nausca, vomiting and diarrhca. 
Dircct contact may C ~ U S C  scvcrc skin irritation and possiblc bums. If liquid is splashcd in thc 
cycs, it may causc scvcrc bums and comcal damagc. 

7.2.3 Pressurized Equipment 

Prcssurizcd cquipmcnt is ncccssary for routinc opcration of thc FCS. Typical prcssurc sourccs 
will includc proccss stcam (saturated at approximatcly 125 psig), instrumcnt or plant comprcsscd 
air (at approximatcly 100 psig), and various watcr lincs at about 30 to 50 psig. Thc crystallizcrs 
will opcratc undcr vacuum conditions, but will rcccivc thc prcssurizcd dischargc of pumping 
cquipmcnt. An additional hazard to considcr will bc a firc hazard rcsulting from prcssurizcd fucl 
oil uscd to firc thc proccss stcam boiler. Fucl oil storagc tanks and piping will comply with thc 
applicablc portions of WAC 173-1 80 I?icility Oil IIatidliiig Operatiom and Desigir Sfatidcirds. 

0 

7.2.4 High Temperature Exposure 

Thcrc is thc potcntial for workcr cxposurc to high tcmpcnturc surfaccs (> 135" F) and cquipmcnt 
duc to routinc operations using proccss stcam. 

7.2.5 lluman llazards 

Thc most likcly human rclatcd hazard is operator error. Opcrator error is possible whcn workcrs 
arc rcsponsiblc for monitoring systcm parameters, adjusting operating parameters, rcsponding fo 
systcm alarms, or responding to out-of-limit paramcters. The consequences of human error will 
dcpcnd on thc sub-systcm that is affected and thc naturc of the materials present in the sub- 
system. Thc FCS will bc designed to minimize the potential for human error through automatic 
monitoring of sclcctcd panmctcrs and computer controllcd actions or rcactions to abnormal 
proccss conditions. 
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- 
7.2.6 Environmental l lazrrds 

Thc FCS will bc dcsigncd and constructcd to prcvcnt damage by potcntial cnvironmcntal hazards 
that may occur such as high wind loads, frcczing tcmpcnturcs, earthquakcs, lightning, rain, 
snow, ashfall, and rangcfircs. Thc potcntial impact that thcsc hazards may havc will bc 
addrcsscd by thc systcm dcsign critcria. 

7.2.7 Facility Industrial llazards 

In addition to thc unique hazards ofa  nuclcar facility, thcrc arc a varicty of typical industrial 
hazards prcscnt at thc FCS. Thcrc arc clcctrical shock hazards, hazards from moving cquipmcnt, 
fall hazards, confincd spacc hazards, power tool hazards, wclding hazards, vehicle hazards, and 
othcrs. Thcsc hazards arc prcscnt whcn workers arc involvcd with normal opcrations or 
pcrforming maintcnancc on thc proccss systcmdfacility. Once thc FCS facility is opcrational, a 
comprchcnsivc Conduct of Opcrations program will bc implcmcntcd in concert with an 
lntcgntcd Safcty and Managcmcnt Systcm. 

7.2.8 Flammable Liquid Storge 
Fucl oil to supply thc auxiliary boilcr will bc storcd insidc the FCS fcnccd area and rcprcscnts a 
potcntial firc hazard. To cnsurc thc hazards rclatcd to fucl oil stongc arc minimizcd, thc cntirc 
systcm, including cquipmcnt and all opcrating procedures, will comply with thc rcquircmcnts of 
WAC 173- I80 Faciliry Oil ilatirllitig Operariotis atid Desigti Standards Rule. 

7.3 SURlhlARY 

Thc above discussions prcscnt a cursory rcvicw of thc potential hazards associated with 
opcnting the FCS. Thc opcration ofthc FCS has also bccn comparcd to ncar-by facilitics and is 
summarizcd by Tablc 10. Whilc thc occupational and non-ndiological hazards arc no morc 
scvcrc than typical chcmical plant opcrations, thc addcd dimcnsion of radioactivc matcrials 
incrcascs risks of exposure to both on and off-sitc individuals. For preliminary planning 
purposcs, and until morc rigorous analyscs can bc pcrformcd, thc FCS will bc conscrvativcly 
assumcd to be a Category 2, non-rcactor nuclcar facility. This prcliminary dcsignation is bascd 
on assuming all proposed fluid systems arc fillcd to opcrating lcvcls (approximately 7000 
gallons) with thc DST fccd prcviously citcd. Using thcsc valucs and also assuming no 
concentration of fccd in the evaporators or othcr decay isotopes, thc total 13' Cs invcntory is 
about 1.3E +04 curies. This valuc falls bctwccn "'Cs inventories for a Category2 facility (8.9E 
+04) and Category 3 facility (G.OE +01) as noted in DOE-STD-1027-92, Attachment 1. 
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8.0 LIFE CYCLE COST ESTlRlATE AND SCIIEDUIX 

8.1 INTRODUCTION 

This scction prcscnts the basis for thc lifc cyclc cost cstimatcs for design, construction and 
opcrational cost estimates for a conceptual facility and support systcms for thc FCS - hcrcaftcr 
rcfcrrcd to as thc Fractional Crystallization Facility or FCF. It dcscribcs thc mcthodology, 
assumption and background uscd to dcvclop thc cstimatcs. Dctails of thc cstimatc arc containcd 
in Appcndix G. 

8.2 OVERALL APPROACII AND RIETlIODOI,OCY 

Thc following scctions dcmonstratc thc mcthodology and basis for thc lifc cyclc cost cstimatc 
providcd within this document. Thc technical basis for thc cstimatcd costs containcd within arc 
bascd upon thc preliminary proccss dcscriptiodflowshccts and prcliminary hazard asscssmcnt. It 
docs not rcflcct thc impact of opcrational dccisions, c.g. tank farm piping intcrfaccs, additional 
tanks for storagc, process analytical rcquircmcnts, etc. that havc bccn dcfcrrcd until Phasc 111 of 
thc project. Prcviously obtaincd information from the DBVS and the WTP wcrc incorporatcd 
whcrc practical. Thc costs inscrtcd wcrc for similar or likc cquipmcnt that could bc uscd for thc 
FCF. Estimatcd valucs ror engineering effort and cquipmcnt costs arc partially bascd upon 
Framatomc-ANP’s currcnt cxpcricnccs with thc Hanford cvapontor project that supports thc 
Hanford Waste Trcatmcnt Plant as wcll as thc Dcplctcd Uranium Hcxafluoridc (DUFG) projccts 
for thc Dcpartmcnt of Encrgy at both Paducah, Kcntucky and Portsmouth, Ohio. Costs for DOE- 
ORP and thc Tank Farm Opcrator (TFO) managcmcnt/cnginccring costs havc not bccn cstimatcd 
or includcd. To dcvclop thc total life cyclc cost of the facility, thcsc costs should bc includcd. i 
8.2.1 Estimate Scope 

Thc FCF life cyclc cost cstimate was dcvclopcd with the following Work Breakdown Structure 
(WBS) elcmcnts: 

Project Managcmcnt 

Engineering 
- Titlc I (Preliminary/ Conccptual Design) 
- Titlc I1 (Dctailcd Design; reviews at 30%, GO%, 90%, and final) 
- Titlc Ill (Dcsign Support for Procurement and Fabrication and Construction I 

Installation) 

Opcrations (Two Ycars Trial / 17 Ycars Full Scale) a Dccommissioning 
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Project Management 

For this cstimatc, thc ovcrall assumcd basis of thc plant opcntion is twofold. Thc first phasc is a 
dcmonstration pcriod of two ycars which the plant would opcratc at a rcduccd capacity. Thc 
sccond phasc would bc to opcntc at full capacity for a 17 ycar pcriod. Plant cquipmcnt would 
rcmain thc samc undcr both scenarios; utilizing variable spccd drivcs on pumps and samc sizing 
of pipclincs would rninimizc any equipmcnt changc outs bctwccn thc two opcrating scenarios. 
Thcrcforc no capital improvemcnt costs wcrc includcd in this cstimatc for moving from thc first 
sccnario to thc sccond. 

10% 

8.2.2 contingency 

Contingcncics for thc portions of thc lifc eyclc cost cstimatc arc shown on thc summary pagc of 
Appcndix G and in Tablc 12 bclow. Each scgmcnt of thc lifc cyclc WBS is rcprcscntcd with its 
scpantc contingency. In accordance with DOE 430.1-1, contingcncy is thc amount budgctcd to 
cover costs that may rcsult from incornplctc dcsign, unforcsccn and unprcdictablc conditions, or 
unccrtaintics. Thc amount of thc contingcncy will dcpcnd on thc status of dcsign, procurcmcnt, 
and construction and the complcxity and unccrtainty of thc componcnt parts of thc projcct. 
Contingcncy is not to bc uscd to avoid making an accuratc asscssmcnt of expcctcd cost. For this 
lifc cyclc cost estimatc, with thc unforcsccn and unccrtaintics at this stagc of the projcct (prc- 
planning), a conscrvativc pcrccntagc ofcontingcncy allowcd by thc DOE 430.1-1 for each 
scgmcnt in Tablc 12 was used. Under DOE 430.1-1, during thc Planning Stagc, thc 
ExpcrimcntallSpccial conditions allow for contingcncics of up to and including 50%. 
Contingcncics of lcss than 50% wcrc uscd as shown bclow. a 

ES&H 

Information Management 

Tablc 12. Lifc Cycle Cost Estimatc Contingcncics (2 Shccts). 

5% 

5% 

I W B S  Item I Percent Contingency I 

Regulatory and Licensing 

ENGINEERING 

10% 

I QA 

Title 11 Design 

Title 111 Design 

5% 

35% 

I OYO 

I Title I Design I 20% I 
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Tablc 12. Lifc Cycle Cost Estimate Contingcncies (2 Shccts). 
~~ 

WBS Item 

COSSTHUCTIOS 

Percent Contingency 

Site Work I 25% I 
~ 

Building 

Process Equipment 

45% 

40% 
~ 

Piping and Fittings 

Valves 

30% 

25% 

lnstrumenrafion 

Oll'Gas System 

Chiller/Condenser System I 30% I 

45% 

30% 

Steam Supply 

Process Water 

30% 

30% 

I DECO.\I.\IISSIOSISC 

Operations Labor IO% 

Material 

Equipment 

15% 

30% 

8.2.3 Escalation 

Thc FCF life cyclc cost cstimatc is bascd upon 2005 dollars. For simplification purposes, thc 
cstimatc excludcs cscalations of future costs. In gcncral, unlcss othcnvisc notcd or dcscribcd, 

Characteridat ion 

Decommissioning Plan 
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35% 

10% 

Field Operations 

Final Survey 

35% 

35% 

Final Report IO% 
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any obtained past costs uscd in this cstimatc wcrc escalated at 3% per ycar to bring the costs to 
prcscnt 2005 dollars. Spccial cscalation costs for matcrials, spccifically stainlcss stccl, wcrc not 
includcd at this timc. Thc Phascd Costs for out ycars shall bc bascd on thc pcrccntagc incrcasc or 
dccrcasc in accordance with a mutually agrccablc economic pricc adjustmcnt indcx such as thc 
Employmcnt Cost lndcx for Wagcs and Salarics and thc Enginccring Ncws Rccord (ENR) 
Construction Cost Indcx. Local costs for matcrials and dclivcrics wcrc includcd whcn possiblc. 

8.2.4 Estimate Assumptions 

For thc purposcs of this Phasc I cstimatc, the following assumptions wcrc madc: 

e 

a 

e 

Thc sitc/facility will bc a Catcgory If facility with no Category I cquipmcnt rcquircd. A 
full Final Ilazards Analysis (FHA) will nccd to be pcrformcd to vcrify rcquircmcnts for 
the facility and cquipmcnt. 

Preliminary Documcntcd Safcty Analysis (PDSA) has not bccn pcrformcd and will likcly 
impact this estimate. 

Chcmical stongc and sccondary containmcnts arc assumed to mcct local building codc 
rcquircmcnts only. 

A tcmporary (modular) control room for the two ycar trial pcriod will bc acccptablc to 
thc DOE. 

Costs of transfcrring pcrmancnt opcrational control to a pcrmancnt control room arc not 
addrcsscd. 

Tank wastcs trcatcd by thc FCS arc acccptcd by thc facilitics whcn thcy arc complctcd 
and as dcscribcd in thc scoping documentation. 

Costs of transporting sccondary wastcs and trcatcd product will bc providcd by othcrs. 

Costing data assumcs the facility location will bc no morc than 1 milc from existing roads 
and utilities. 

Engineerindoperating labor rates arc prcscntcd as avenge ratcs as of August, 2005 bascd 
upon avcragc Framtomc-ANP ratcs or 2004 HAMTC and other €Ian ford employccs’ 
rates. Actual construction labor costs will bc governed by the Hanford Site Stabilization 
Agrccmcnt ratcs in effect at thc timc of construction. 

Adcquatc funding is available with no funding gaps throughout life cyclc ofthc projcct. 

No cmploycc relocation costs arc included in the estimate. 

Minimal carth movcmcnt and sitc dcvclopmcnt is rcquircd. 

No extcndcd storagc of trcatcd or to bc trcatcd matcrial or product is rcquircd. 
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e 

e 

e 

e 

e 

e 

e 

e 

8.3 

8.3.1 

Dccommissioning costs assumc only minimal contamination and equipment disposal 
costs. 

All contaminatcd matcrial can bc disposcd of at thc Hanford ERDF. 

Installation costs arc based on a tlanford crew at 50% cfficicncy; lin equipmcnt, stongc, 
inspcctions, and final transport - all approximatcd by 10% or morc of thc valuc of thc 
componcnt. 

Piping installation costs equals matcrial costs. 

BV Plant componcnt costs arc applicablc as applicd. 

Opcrations takc place 24 hours a day 7 days a wcck. 

Disposal costs for materials during dccommissioning do not vary abovc thc amounts 
found on thc estimatc. 

Thc estimatc assumes dccommissioning surveys would bc pcrformcd in accordancc with 
spccifically dcvclopcd plans and proccdurcs. 

PROJECT RlANACEhlENT COSTS 

Project Rlanrgement 

Projcct managcmcnt costs arc built up using thc basis that a projcct manager and supporting staff 
will bc uscd from 200G through 2010. This cstimatcd timc fnmc bcgins during thc initial dcsign 
phasc Titlc I cffort, and continucs through startup opcntions of thc FCF. This total cffort 
includcs thc following lcvcl of effort labor: 

Projcct Manager 

Procurement Management 

Projcct Controls 

e Schcdulcr 

Configuration Managcmcnt 
A project managcr would scrvc as lead for the project as dcfincd by DOE documcntation. 
Dcpcnding upon the final schedule, building and enginccring complcxitics, a dcputy project 
managcr may be required during the final dcsign and construction phases of the project. Costs 
for a dcputy project manager were includcd in this estimatc. 

A configuration managcr would track and process all documcnts, dnwings and calculations 
associated with thc project. As with thc project managcr, depending upon thc FHA, PDSA, final 
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cquipmcnt sizes and the estimated supporting infrastructurc nccdcd for thc facility to opcratc. A 
prcliminary ALARA review (Appcndix F) produced valucs of radiation doses during operations 
that wcrc utilized in the conceptual facility layout (Figure 20). Titlc I, 11, and I l l  enginccring 
cstimatcs wcrc built utilizing thc cstimatcd numbcr of systcms, thc facility layout and thc 

I 
I dcsign and construction complcxitics, a dcputy configuration managcr may bc rcquircd. Costs for 

a dcputy configuration managcr wcrc not includcd in this cstimatc. 

8.3.2 Construction RIanagcment 

Construction managcmcnt providcs ncccssary rcsourccs and dircction to cnsurc that thc FCF 
construction projcct mccts its quality, cost and schcdulc objcctivcs in a safe manner. Primary 
arcas of rcsponsibility includc rcvicw of dcsign drawings and spccifications for constructability, 
dcvcloping construction contracts, establishing policics and proccdurcs, obtaining ncccssary 
pcrmits and liccnscs, managing contracts, cvaluating proposal, procuring cquipmcnt and 
scrviccs, ncgotiating and awarding ordcrs and providing changc control. 

Construction managcmcnt costs arc bascd upon lcvcl of staffing, construction shins, applicd 
labor rates and burdcns, and construction schcdulc duration. 

Thcsc costs arc shown in the Titlc 111 scction of thc cnginccring costs, construction costs and in 

I 

I thc projcct managcmcnt scctions. 

8.3.3 Supporting Functions 

Supporting functions such as Environmcntal, Safcty and Health (ES&H), Information 
Managcmcnt (IM) and Nuclear Safcty/Environmcntal Permitting support arc rcprcscntcd in this 
section. Initial efforts for thc EflgtS plan and licensing support arc scalcd back aftcr thc start of 
thc dcmonstration portion of thc project. Oncc thc production phasc bcgins, largcr cfforts for 
thcsc support functions will bc rcquircd to during thc initial rcstart and tcsting of thc FCF. 

Thc total estimated cost for thc Projcct managcmcnt function is $7.66 million dollars and 
includcs ovcr $689,000 in contingcncy dollars. 

I 

I 
I 

8.4 ENGINEERING COSTS 

This scction dcscribcs thc estimate for thc dcsign enginccring effort rcquircd for FCF through the 
threc Titlc phascs. 
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0 

0 

I 

expcricnccs provided the guidancc on thc expected numbcr of systems and drawings that could 
bc rcquircd to complctc a facility such as thc FCF. Preliminary information for a Systcm Dcsign 
Dcscription (SDD) or Documcntcd Safcty Analysis (DSA) would bc nccdcd to providc a morc 
accuratc cstimatc of thc Titlc I, I 1  and 111 enginccring effort rcquircd. An SDD and DSA would 
also providc thc impact to thc cnginccring effort rcquircd for the procurcmcnt and construction 
support phascs. Work hours for Titlc I l l  cffort wcrc bascd upon a lcvel of cffort workforcc 
appropriatc for thc sizc of thc construction workforcc. A lcvcl ofcffort workforcc for 
cnginccring support in cstimating thc labor rcquircd for thc lifc span of Ihc facility is includcd in 
thc Opcrations scction of this documcnt. 

8.4.2 Title I Engineering 

Titlc I Enginccring bcgins with a prcliminary dcsign of the systcms and facility. It includcs a 
Prcliminary Hazards Analysis (PHA) and developing an SDD that will assist in idcntifyhg 
componcnt classifications and opcrating conditions. Thc cffort also includcs a PDSA. During 
Titlc I, systcms will bc dcscribcd, componcnt sizing will bc dcnotcd, gcncral opcrating plans and 
mcthods arc dcscribcd. Thc buildingdfacilitics nccds will be known. Supporting infrastructurc 
and rcquircmcnts arc dcvclopcd. Firc protcction rcquircmcnts arc dcscribcd. 

Total effort is cstimatcd at ovcr 23,000 labor hours for dcvclopmcnt of thc rcquircd information 
nccdcd for Titlc II  start. 

8.4.3 Title I I  Engineering 

Titlc I1 Support includes dcsign for thc facility and systcms; establishing opcrational 
rcquircmcnts; cquipmcnt documcntation; systcm and componcnt calculations; building and 
structural designs; fabrication and building spccifications; thirty, sixty and nincty pcrccnt dcsign 
rcvicws; Opcrational Rcadincss Rcvicw prcpantions; final dcsign for thc facility and systcms; 
procurcmcnt spccilications; testing procedures; start up procedures; and Opcrations and 
Maintcnancc manuals. 

Total labor effort for Titlc I 1  Enginccring is ovcr 63,000 hours. 

8.4.4 Title 111 Engineering 

Titlc 111 cnginccring support covcrs thc lcvel of effort rcquircd for the construction phasc of thc 
projcct. This effort includes problcdinterferencc resolution, systcm acceptance rcvicws, ORR 
support; start up support; and systcms turn over and check out. All documcntation would bc 
turncd ovcr and projcct closeout for cnginccring would occur during this phasc. 

Total labor effort for Titlc 111 Enginccring is ovcr 7,000 hours. 

Total Enginccring Costs arc estimated to be $10.49 million dollars with an includcd contingcncy 
ofovcr $2.3 million dollars. 
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8.5 CONSTRUCTION COSTS 

8.5.1 hlethod of Estimate 

Equipmcnt costs wcrc estimatcd using similar typcs of cquipmcnt found in the WTP, cquipmcnt 
uscd at thc DBVS and actual quotcs for componcnts, matcrial and labor. The costs for thc 
cvaporator or crystallization systcms and similar controls wcrc utilizcd in this cstimatc. Thc 
facility costs wcrc cstimatcd using RSMEANS Bitikding Cortstnrcfiort Cost Dntn (G3d Edition), 
and facility cstimating tools for matcrial and construction labor whcrc applicablc. 

8.5.2 Construction Site Services 

Construction sitc scrviccs costs includc construction facility rental costs, costs for construction 
powcr and tclcphonc scrviccs, costs for temporary roads and parking arcas, and construction 
sccurity costs. Allowances arc includcd for survcy crcws and for maintcnancc of pcrmancnt 
cquipmcnt prior to turnovcr to opcrations. 

8.5.3 Construction of Facilities 

Thc cstimatcd costs to construct facilities includc all dircct and indircct costs. Direct costs 
includc all construction materials, labor, capital cquipmcnt and subcontracts. Indircct costs 
includc all cquipmcnt rcntals, tools, consumablcs, supcrvision, insurancc, taxes, gcncral and 
administrativc cxpcnscs, and contractors ovcrhcad and profit. 

8.5.4 Facility Description 

Thc facility cstimatc was bascd upon a cast in placc, rcinforccd concrctc facility. To put an 
initial bound on the facility, the ovcrall sizc was cstimatcd to bc approximately 7,700 squarc cct. 
For a prcliminary gcncral arrangcmcnt skctch of the facility rcfcr to Figurc 20. Thc crystallizcrs 
would bc contained in silo like cxtcnsions that would risc approximatcly 15 fcct abovc thc roof 
linc of the facility with thc remaining roof linc limited to 35 fcct. A partial shicld wall bctwccn 
thc first stagc proccss cquipmcnt and thc second stagc cquipmcnt will stop just bclow thc ceiling 
to allow for cranc passagc. Anothcr smaller partial shicld wall will minimizc dircct “shinc” on 
thc cquipmcnt door. Othcr major componcnts such as tanks, pump skids, ccntrifugcs, ctc. wcrc 
arbitrarily located for accessibility. A 5-ton ovcrhcad cranc and rail system for cquipmcnt 
movcmcnt was includcd in the estimatc. A small lay-down area and equipment mom is includcd 
in thc cstimatc. Fencing surrounds the facility to prevent random acccss to limit pcrsonncl 
exposurc to radiation. Thc temporary control room would bc situated outsidc thc main facility 
but within thc fcncc linc. Supporting equipmcnt and systcms such as the COz and H2OZ (as a 
“placc holdcr”) stongc tanks arc outsidc of thc main building. 

No facility changcs would bc rcquired to stcp up to full scalc production from trial production. 
Thc cquipmcnt, pumps piping ctc. would bc sizcd to opcratc within both paramctcrs. Variablc 
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spccd drivc mcchanisms would control pumps; instrumcntation would bc initially installcd that 
would bc ablc to rcad the full scalc information as wcll as thc trial production ratcs. 

8.5.5 Component Fabrication 

Componcnt fabrication costs includcd in this cstimatc includc all dircct and indircct costs, 
ovcrhcads and profits; shipping insurances; shipping costs and pcrmits, matcrials, tcsting and 
quality assurancc costs. 

Total facility and cquipmcnt costs, as currcntly scopcd, arc cstimatcd to bc $23.8 million dollars 
which includcs ovcr $6.3 million dollars in contingcncy dollars. 

8.6 OPERATION COSTS 

8.6.1 hlctliod of Estimate 

Opcntion costs includc opcntions labor (Icvcl of effort), facility costs for utilities and upkccp, 
matcrials for crystallization processing, maintcnancc and rcplaccmcnt park, and pcrsonal 
protcction cquipmcnt. 

Opcrating costs arc statcd in 2005 dollars not cscalatcd for each ycar ofopcration. 

Opcrational costs for the two-year trial cycle and thc costs for full scalc opcrations arc assumcd 
thc samc. Flow ratc changcs going to full scalc opcrations rcquirc additional and/or rcviscd 
opcrating proccdurcs whosc costs arc includcd in thc Titlc I I  and Titlc I I I  cnginccring and in the 
opcrational scctions of thc estimatc. Minimal changcs in supporting system costs would bc 
incurrcd as full scalc opcrations. Duc lo thc small incrcmcntal changc, thc costs for thcsc 
supporting systcms wcrc includcd at full scalc opcrations ntcs for the 19 ycar duration. 

Material and cquipmcnt wcrc cstimatcd from thc proccss throughputs in thc proccss dcscription. 
ltcms such as utilities, pcrsonal protcctivc cquipmcnt, consumablcs, and anti-contamination 
clothing wcrc based on a pcrccntagc of thc total labor hours. The cost of the largc quantity 
chcmicals wcrc based on prices rcccivcd from vcndors supplying othcr Richland, WA arca 
facilities. 

8.6.2 ALARA 

A basic rcvicw of thc anticipatcd cesium inventory (assumcd to bc contained only in the 
crystallizer for thc preliminary shielding analysis) indicates high dosc ratcs in the process arcas 
during opcrations. To avoid cxcessivc cxposurc, opcrations would ccasc for maintcnancc 
purposcs and liquid systcms would be dnincd and flushed. Minimal costs for this opcrational 
changc arc anticipatcd and arc not includcd in this estimatc. 

Normal opcrational cxpcnscs for dosimctry and othcr radiological cnvironmcnt nccds arc 
includcd in thc opcrations scction of the estimatc. 
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8.6.3 Operation Labor 

To bound opcnting costs, the opcrations estimatc was bascd on running thc facility 24 houn a 
day, 7 days a wcck, for 19 ycan. This typc opcration will rcquirc four shins of opcrating 
pcrsonncl plus day staff pcnonncl to support thcm. Each shin is assumcd to consist of thrcc 
opcntors, one shin managcr and one hcalth physics tcchnician. This is considered thc minimum 
stalling for around thc clock opcntion. All ralcs for pcnonncl arc avcragcd and wcrc bascd on 
availablc data from thc tlanford facilitics during 2004. Thc multiplier of 1.65 includcs a 1.03% 
incrcasc that raiscs expcctcd 2004 ratcs to 2005 dollars. 

Thc day staffsupport pcrsonncl consists of thrcc opcntors, onc hcalth physics tcchnician and 
onc managcr. Thc dayshin pcnonncl also providc vacation and holiday rclief for thc rotating 
shin pcrsonncl. Thc majority maintcnancc cnR arc assumed to bc ready availablc labor from a 
ccntnl pool. Only a maintcnancc supcrvisor, planncr and instrumcnt tcch arc cstimatcd as full 
tirnc. Other support pcnonncl for dayshin includc ES&II, quality, enginccring, procurcmcnt, and 
opcntional support, somc of which arc considcrcd to only bc nccdcd part timc. 

Plant Enginccring support consists of onc mcchanical enginccr, onc proccss enginccr, onc 
instrumcntation/controls enginccr and one enginccring manager, Thc enginccring support would 
bc locatcd in a facility outsidc of thc fcncc. 

8.6.4 hlaintcnancc 

Due to radiation exposurc limitations, no maintcnancc would occur on thc crystallizer syslcm(s) 
whilc thcy arc opcrating. All maintcnancc would bc pcrfotmcd with the crystallizer systcm(s) 
draincd of cesium ladcn liquid and flushcd. Thc matcrial would bc pumpcd from onc sidc of thc 
facility to thc othcr or would be transfcrrcd back to thc stongc tank from whcrc it camc until it 
can bc rcccivcd in thc facility again. Costs for any transfcr back to its original undcrground 
storagc tank is not includcd in this cstimatc. Labor costs for transferring matcrial from onc sidc 
of thc facility to thc othcr arc includcd in thc opcrations scctions ofthis cstimatc. 

8.6.5 Process hlrtcrials 

Carbon Dioxidc and 50% Hydrogen Pcroxidc, as notcd in Section 7.2.2, would bc uscd during 
opcrations in amounts dcscribcd in thc system dcscription. The estimated costs for thcsc 
consumablcs wcrc obtained through quotcs as shown in Appcndix G. 

8.6.6 Replacement Equipment 

I t  is assumed that during the total 19 year lifecyclc ofthc facility, components will be rcplaccd 
periodically. While major components such as the crystallizer and reboilcr should bc dcsigncd to 
last thc lifc span of the facility; pumps valves and similar picccs ofequipmcnt will rcquirc 
rcplaccmcnt over the lifc span of thc facility. Thcsc costs are includcd in thc scction ofthc 
estimatc eallcd Opcntions Summary found in Appcndix G. 
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e Thc total opcrating costs of $140.4 million dollars includcs ovcr $14.0 million dollars in 
contingcncy. 

8.7 DECOhlitllSSIONlNC COSTS 

Disposal costs may vary towards thc end of life pcriod for this facility duc to availability, 
liccnsing issucs ctc. Costs for this cstimatc arc gcncralizcd on this basis. 

8.7.1 Criteria for Commissioning 

Rcquircmcnts for dccommissioning arc statcd in DOE Ordcr 430.1A. Lifc Cyclc Assct 
Managcmcnt (LCAM), which idcntilics thc minimum rcquircmcnts for disposition of an exccss 
DOE facility. This Guidc dclincs activitics or actions that providc a scqucnccd risk rcduction to 
thc sclcctcd disposition path. It is part of thc DOE Dircctivcs Systcm, and is consistcnt with thc 
principlcs and corc functions of P 450.4, Safcty Managcmcnt Systcm. 

Othcr documcnts consultcd to support thc planning and conduct of transition and disposition 
activitics includc: 

DOE-STD-I 120-98, Intcgration Of Environmcnt, Safcty And tlcalth Into Facility 
Disposition Activitics, and thc Good Practicc Guidcs associatcd with LCAM. 

DOE G 430.1-4, Dccommissioning lmplcmcntation Guidc 

DOE G 430.1-2, lmplcmcntation Guidc For Survcillancc And Maintcnancc During 
Facility Transition And Disposition; 

DOE G 430.1-3, Deactivation Implcmcntation Guidc; 

DOE G 430.1-5, Transition lmplcmcntation Guidc. 

0 

I 
I 

I 
I 

, The Dccommissioning lmplcmcntation Guidc, Deconiniissioriing Ilatiilhook (Dran -DO WEM- 
0383, January 1999). and Deconiniissioriiiig Prcjerred Alteriiatirrs Matrix (Junc 30, 1997) 
rcplacc thc prcviously issued Deconmiissioning Resource Manual (DOWEM-0246, August 
1995) and Decontntissioning tlaadbook (DOWEM-EM-0142P. March 1994). 

Thc prcscnt DOE G 430.1-4, Dccommissioning lmplcmcntation Guide diffcrs from thc 
Dccontniissiortirig Resoitrce Manual (DOWEM-0246, August 1995). which included a variety of 
information of interest or potential use lo dccommissioning projcct managcrs and staff. Matcrial 
from thc Resource Manual that directly relates to implementation of thcsc policies and dircctivcs 
has bccn incorporated in this Guidc. Matcrial from thc Resourcc Manual and formcr Handbook 
that docs not directly relate lo acceptable mcthods for mccting program rcquircmcnts is bcing 
comDilcd in thc Drcscnt Decontnrissionina Handbook as an information resourcc for 

i 

1 

dccommissioning projcct pcrsonncl. Matcrial from thc formcr Handbook dcaling with 
dccommissioning technologies has bccn incorporatcd into thc Deconinrissiorting Prcjerred 
Alteriia t ives Ma trk. 
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8.7.2 Method of Estimate 

Thc cstimatcd cost to dccommission thc FCF is $4.595 million dollars which includcs ovcr $1.1 
million in contingcncy dollars. This scction of thc cost estimate report providcs an ovcrvicw 
o f  thc considerations and factors that influenced the dccommissioning cost estimate. 
Tablc 13 provides a summary of the costs associated with cach arca of thc facility. Thcsc 
cstimatcs arc bascd upon past Framatomc-ANP cxpcricnccs and actual costs whcrc availablc. 

Table 13. Decommissioning Cost Summary- FCF. 

8.7.3 Cost hlodifying Factors 

Thcrc arc modifying factors that significantly affect the ovcrall cost for rcmcdiation. Onc of 
thcsc factors is an adjustmcnt for productivity rclatcd to pcrsonncl protection rcquircmcnts and 
working environment. Thc dcgrcc of protection rcquircd dcpcnds upon thc extent of 
contamination and specific activities to bc pcrformcd in a given arca. As the lcvcl of pcrsonncl 
protcction incrcascs. so docs thc impact on individual productivity and task duration. 
Adjustmcnts wcrc madc to account for thc implcmcntation of pcrsonncl protcctivc mcasurcs 
whcrc applicablc. This estimatc used the standardized lcvcls of pcrsonncl protection 
dcscribcd in Table 14. 

8.7.4 Radioactive Waste Volume Estimate 

The volume of radioactive waste requiring treatment and disposal can be a very significant 
modifying factor due to thc high cost for ndwastc disposal. For thc FCF decommissioning, the 
cost for radioactive waste processing, shipping, and disposal is anticipated to be about 40% of 
thc total decommissioning cost. This is a normal fraction for radioactive facilities. Radioactivc 
waste volumc estimates arc discussed in the following section. Table 15 provides a volumc 
summary for each arca of thc FCF. 
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Ixvel 

Levcl A: 

Lcvcl B: 

Lcvcl c 

Description 

Thc highest availablc levcl of rcspiratory, skin, and 
eye protcction 
Thc highest levcl of respiratory protcction, but lcss 
skin protcction than Lcvel A. Level B is the 
minimum lcvcl rccommcndcd for initial sitc entries, 
or for othcr cntry conditions dcaling with unknown 
Thc samc lcvcl of skin protcction as Lcvcl B, but a 
lowcr lcvel of rcspiratory protcction. 

Table 14. Personnel Protective Equipment Protection Summary. 

Utility Equipment Building 

TOTALS 

I 

59 

4,714 

Skin protcction similar to or thc samc as Level C, 
without respiratory protcction. 
Standard work uniform suitablc for construction work: 
no rcspintory protcction and minimal skin protcction. 

Lcvcl D Modified: 

Lcvcl D: 

Table 15. FCF Unprocessed Radioactive Waste Summary. 

Area Description Total Disposal Volume 
ut? 

149 I I DFCS Utility Equipment I 
3,347 I I DFCS Process Equipment I 
1,159 1 I Process Equipment Duilding I 

8.7.5 

Thc volume reduction processes analyzed for usc arc summarized in Tablc 16. For each volume 
rcduction method, this table shows application information, transportation containcr typc, and 
the total process cost pcr unit weight. These unit factors are applied to specific itcms of 
equipmcnt requiring disposal to dctcrmine thc most cost-effcctivc process. The radioactive 
waste gencratcd at this facility will include contaminatcd hardwarc, contaminatcd concrctc, 
HEPA ventilation systems, fume hoods, steel, etc., and secondary waste gcncntcd during thc 
dccontamination work such as protective clothing and materials used during manual 

Radioactive Waste Volume Reduction Costs 

I 

dccontamination work. 
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Survey and Release 
Medium Density Boxes 

Survey and Release I ligh 
Density Doxes 

Table 16. Volume Reduction Methodology Costs. 
I 

Waste At Greater Than 8-25 Box $0.66 
207<60 I b d  

Waste At Greater Than 0-25 Boxes $0.52 
60 IbdR 

VR hlethodology Applicability Transport Container Total VR Cost ($Ab) 

I Super Compaction I Dry Active Waste 20 lbln I 0-25 I 55.59 I 
~ 

I I Custom Box 57.25 
Decontamination 

Survey and Release Low Low Density Waste 55 Gal Drum $ I  .45 I I Density Drums I 

8.7.6 Final Surveys 

Final survey costs arc estimatcd bascd on thc facility radiation survcy information prescntcd in 
U.S. Nuclcar Rcgulatory Commission Regulating Guidcs NUREG-1757, MNSS 
Dccommissioning Standard Review Plan. Thc numbcr of samplc points for the various arcas 
bcing surveycd and thc typc ofsurvcy bcing pcrformcd wcrc dctcrmincd. Thc timc to pcrform 
each of thcsc survcys is estimatcd, and thc product of thcsc two itcms is thc labor timc to 
pcrform thc survcys. Equipmcnt and material cost to pcrform thc surveys is addcd along with 
staff support costs to dctcrminc a total cost. Thc survcy rcquiremcnts arc bascd on NUREG- 
1575, Multi-Agency Radiation Survcy and Sitc Investigation Manual (MARSSIM) Ref. 6-10). A 
sprcadshcct was dcvelopcd which incorpontcs facility dimcnsions, labor ratcs and support cost 
ratios to cstimafc the final survey cost. The facility survcy labor cstimafc is summarized in 
Appendix F as wcll as thc opcn land and miscellancous arca survcy labor cstimatc. 

Dccommissioning ofthc FCF rcquircs that rcsidual radioactivc matcnals bc rcmovcd from thc 
sitc to allow rcmoval of thc decommissioned facilities. For thc purposes of this cost estimate, the 
cnd of thc dccommissioning projcct occurs when the FCF has bccn rcmcdiatcd to rclcasc limits; 
thc Final Status Survey has bccn pcrformal, documental and submitted to thc DOE. 

@ 

8.7.7 Remediation Summary 

While rcmcdiation will bc required for thc FCF, it is not anticipatcd that remediation in outdoor 
arcas will bc rcquired. Table 17 is a brief summary of thc anticipated rcmcdiation activitics, with 
applicablc assumptions and bascs. 
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Building o r  Area 

General Area 

Remedialion Activities 

Perform a gcnenl facility cleanup to remove all incidental equipment and 
materials; both ndioactive and non-ndioactive. 

FCI: Process Equipment 

I Remove contaminated FCF Utility Equipment. Cut out contaminated concrete 
surrounding FCF Utility Equipmcnt. FCF Utility Equipment I 

Empty water from tanks. Remove tanks and vessels internals. Cut out 
contaminated concrete from surrounding process tank and disposal as ndioactive 
waste. 

Process Equipment Building 

Perform a general area cleanup and remove all contaminated equipment and Utility Equipment Building materials. I I I 
Remove contaminated portions of IIEPA and W A C  systems. Remove 
dcminenlizcr system and heat exchanger. Remove contaminated portions of 
systems and fume hoods. 

Oflice Areas I Perform a genenl area cleanup and remove all contaminated equipment and I materials. I 
I I 

8.7.8 Final Facility Status Surveys 

The final status survcy will be conductcd in accordancc with a plan and implcmcnting 
proccdurcs dcrived from regulatory guidancc, spccifically NUREG-I 575 “Multi-Agcncy 
Radiation Survey and Sitc Investigation Manual” (MARSSIM) and DOE Ordcr 5400.5. Thc 

highcst potcntial for rcsidual radioactivity and dcmonstratcs that all radiological paramctcn do 
I approach to data collcction will placc thc grcatcst survey efforts on arcas that haw, or had, thc 

1 not c x c & l  thc establishcd rclcasc critcria 

I 8.7.9 Final Decommissioning Costs 
I 

I 
~ Estimated final dccommissioning costs are shown in Tablc IS. 
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0 

0 

Table 18. Estimated Final Decommissioning Costs. 

Total Cost 

$142,060 
~ 

$69,217 

$3.031,48I 

$116,716 

$67,929 

$3,429,422 

The total dccommissioning costs of $4.5 million dollars includcs over $1.1 million dollars in 
contingcnc y. 

8.8 PROPOSED PROJECT SC1IEDUI.E 

To keep thc escalation basis as noted previously and without a defincd start date for Phasc 111 
(bcginning with preliminary dcsign), thc projcct estimatc and schcdulc wcrc dcvelopcd with 
project dcsign activitics being initiated in FY 2006 (October, 2005). This start dale is in parallcl 
with Phase I I  testing of actual tank waste which should be complcte by about June or July, 2006. 
Once thc starting time for Phasc I l l  is establishcd, all ofthc dcsign (and subsequent activitics) 
can be adjusted accordingly. Information gained from tcsting thc actual tank WGS~C and future 
sitdprojcct planning will bc factored into a rcviscd schcdulc contained within the Phasc 11 
Process Plan update. 

A basic assumption for this dcployment path is that thc equipmcnt and controls selcctcd for a 
single facility will bc able to accommodate the wide ranging flow rates (0.76 gpm through 
5.0 gpm) rcquircd for BV demonstration and production scale facilities. No costs have bcen 
cstimated for changeouthodi fication of equipmcnt as a result of pilot plant opcrations. 
Fractional crystallization demonstration scale opcrations will bc performed on simulant, then 
actual tank waste, for two years to establish opcrating parameters for the rcmaining 17 years of 
facility production USC. The schcdulc terminates at the point thc fractional crystallization system 
begins production scalc operation. Activities for decontamination and decommissioning arc not 
shown. 

0 
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APPENDIX A 
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APPENDIX 

SST LATE FEED FI,O\\’SIIEET IN SI UNITS 
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APPENDIX C 

DST FLOWSIIEET IN SI UNITS 
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APPENDIX D 
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0 D1.O INTRODUCTION 

Thc prcscncc of high solubility sodium hydroxidc, sodium aluminatc, and sodium nitntc makcs 
the fractional crystallization and decontamination of low and mcdium solubility sodium salts 
morc dificult. Thc high solubility salts incrcasc ionic strcngth, dcnsity, and viscosity of thc 
solution and hindcr diffusion, crystallization, and scpantion. Although low sodium yiclds (25- 
50%) may bc obtained in wastes containing high concentrations of high solubility salts, 
crystallization yicld and salt dccontamination can bc cnhanccd by prior rcmoval alumina and 
sodium nitritc. 

Crystallization of alumina allows increased conccntntion of othcr salts without risking formation 
ofalumina gcl that would makc scpantion of mothcr liquor from thc prccipitatcd solids 
csscntially impractical. As notcd carlicr. prccipitation ofalumina as gibbsitc is vcry slow and thc 
additionally prccipitatcd particlc size is  problcrnatic for filtration. 

Alumina crystallization (as gibbsitc) is currcntly practiccd on an industrial scalc in thc aluminum 
industry. Alumina is lcachcd from bauxite orc at clcvatcd tcmpcraturc (250°F) and prcssurc (50 
psig), thcn gibbsitc is crystallizcd from a sccdcd solution at 150'F in a four-stagc crystallization 
circuit with a 24-hour rcsidcncc timc. 

Duc to thc slow growth ratc ofgibbsitc, thc solution is sccdcd with rccyclcd coanc-graincd 
gibbsitc crystals to promotc crystal growth and scpantion of largc (approximatcly 500 micron) 
particles. Thc cooling is donc in stagcs to avoid gel formation on npid cooling. 

This proccss may bc adaptcd to tlanford wastc containing high solublc alumina. Cooling andor 
partial ncutralization ofthc wastc with an acid ( i s .  COz, HNO,) may bc donc in stagcs to avoid 
gcl formation. Recycled gibbsitc crystals may bc uscd as sccd for crystal growth. 

By rcmoving solublc alumina and ncutnlizing sodium hydroxidc prior to fractional 
crystallization, pH, ionic strcngth, viscosity, and dcnsity of thc solution arc lowcrcd thcrcby 
making thc crystallization and scparation ofsodium salts casicr. As shown in Tablc D-I, alumina 
rcmoval dnmatically rcduccs ~ € 1 ,  ionic strcngth, dcnsity, and viscosity and incrcascs thcorctical 
sodium yicld of thc DST samplc. 
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Table D-1. Alumina Removal Effects. 

DST 

and NaN02 
Removal 

\v/AI(OI 1)j DST 

Removal 
~ l A I ( 0 1 I ) j  

PI 1 15.85 11.55 11.56 

Ionic Slreneth I 15.5 9.86 7.48 

Lithium carbonatc may improvc thc crystallization ratc and stability of alumina by forming 
lithium aluminum carbonatc hydntc salts (LAHCS). LAHCS is a morc stablc (ICSS solublc) 
form of alumina which is thcrmodynamically favorcd ovcr gibbsitc. Howcvcr, this matcrial is 
not currcntly produccd on an industrial scalc and the viability of L A W S  must bc provcn 
cxpcrimcntally. 

Thc complcmcntary solubility of NaNOz and NaNOJ incrcascs thc total solubility of thcsc 
sodium salts in solution. This phcnomcnon is dctrimcntal to crystallization bccausc incrcascd 
solubility incrcascs the ionic strength of the solution at saturation. Increased ionic strcngth 
incrcascs liquid dcnsity and viscosity, thereby increasing mass transfcr rcsistancc to 
crystallization and increasing difliculty in crystal scparation from thc mothcr liquor. 

To improvc sodium salt yicld and rcducc saturation ionic strcngth, liquid dcnsity and viscosity, 
oxidation of sodium nitritc to sodium nitrate is proposcd as a futurc dcvclopmcnt. By using 
nitritc oxidation, a ternary H~O-N~NOJ-N~NOZ is rcduccd to a binary FhO-NaNOJ systcm. By 
this mcthod, thc eutectic is removed, total solubility is rcduccd, and ionic strcngth at saturation is 
rcduccd. 

As shown in Tablc D-1, oxidation of NaNOz to NaNOj reduces ionic strength, liquid dcnsity, 
viscosity, and incrcascs sodium salt thcorctical yicld during fractional crystallization. 

I 

I 

I Density (SpG) 1.88 

D2.0 I,ITIIIUhl A1,UhIINATE COhlPLEX IIYDROXIDE CARBONATE SALT 
(IAIICS) “LITIIIURI DAWSONITE” 

1.58 I I .47 

, 
A low solubility lithium carbonate - aluminum hydroxidc salt has been identified that is 
thcrmodynamically favorcd ovcr all basic forms (AI(OH)j, NaA102, Al(OH);’, NaAlCOj(011)2) 
ofalumina. In its pure form, the compound is dilithium carbonatc tclra (aluminum trihydroxidc) 
trihydratc (LAWS) with the formula L ~ * C O J ’ ~ A I ( O H ) J . ~ ~ ~ ~ O ,  or simply “lithium dawsonitc”. 

LAHCS is formcd by thc reaction of lithium carbonatc, aluminum trihydroxidc gcl, and watcr. 

I 

Viscositv (cP) 7.66 3.39 

! 

D-3 
I 

2.66 

Sodium Yield 7 I .5% 9 I .3% 94.1% 
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Li,CO, +4AI(OH), + 3 H 2 0  -+ Li,C03 . 4 A ~ ( ~ ~ ) ~  '3N,O @-I)  

This solid form of alumina has an isometric crystal habit which allows separation, dciiquorin~, 
and ~~econt~niinatioIi. A scanning electron photomicro~ra~h of LAHCS is shown in Figwe 1)-1. 

LAHCS also forms solid solutions o f  the structure xl , i~O.xCO~.yAl~O~.~t i~0, where 0.1 lu 5 
1.0, 1.5 5y 4 . 5 ,  and 0 9 510. T~LIS, the LiiAl ratio can vary from -0.16 to 1.6. 

By ihe precipitation o f  alumina from [he system, free l~ydroxide is no longer needed to maintain 
sodium aluminate in solution. By this method, high-solubility sodium hydroxide may be 
iieuirali7ed and crystalli~ed as a sodium salt thus increasing sodium salt yield. 

D2.1 LAHCS C R Y S T A [ , I ~ I ~ A T I ~ ~  

Initial Conditions: 
Temperature 40°C 

Na2SO4 2.5 
NaZCO? 11.62 

HzO 101.13g 
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NaN03 10.0 
VaOH 2.0 

NaAlO2 2.5 
Li2CO3 0.8 

1.8 CQ2 __- 
Total 132.35 g 

In this example, lithium carbonate has been added to crystallize alumina as Dilithium Carbonate 
Tetra(a1uminum trihydroxidc) Trihydrate (LAHCS), LilCO? 4Al(OH)~.3H20. 

By the crystallization of LAHCS, sodium hydroxide is not needed to maintain alumina solubility 
Thus, carbon dioxide or nitric acid can be used to reduce fiee hydroxide and ionic strength. By 
this method, highly soluble sodium aluminate and sodium hydroxide are removed from solution, 
and most of the remaining sodium salts can crystallked from solution. 

Figure D-2. Evaporation Survey. 
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In this casc, alumina is initially prccipitatcd as LAIICS (purple linc). Thc initial solubility 
product for LAlICS2’ is: 

K f . i ~ ~ ~ 0 3 . ~ 1 1 ~ 0 1 1 ) , . l I I Z 0  = b L ;  ) ’ b A /  )’bCOoJ k O l /  ~ z b l l Z O  

= {2.971x10-z y{2.85x10-M p(0.0369 }{0.0362 )”{I )” 
= 9 . 9 3 ~ 1 0 - ~ ~ ’  

(D-3) 

From the abovc calculation, bccausc of thc small solubility product for LAIICS, incrcasin 1 thc 

lo, [Al(OlI),”] = IO-‘). By forming of LAWS, lithium scavcngcs alumina from solution. 

Saturation points for N%(SOJ)ZCOj, Na2CO;I 1 1 2 0 ,  NaNOJ occur at 5 I . I ,  65.1, and 87.3 g of 
watcr cvaporatcd. An ionic strength of 20 is rcachcd at 96.4 g of watcr cvaporatcd. 

At an ionic strcngth of20, a total of 3.4, 17.2.8.6, and 3.36 g ofN%(SO&COJ, NazCOj.1 f I 2 0 ,  
NaNOj, and L ~ Z C ~ J ’ ~ A I ( O H ) ~ . ~ ~ I Z O  havc crystakcd. Thcorctical yiclds for sul fatc, carbonate, 
nitratc, and alumina arc 99.8,91.2,85.6 and 100%. Thcorctical sodium yicld is  95.0%. 

Thus, thc addition of LiZCOJ and COz has thc potential to incrcasc sodium yicld by forming 
LAHCS and NazCOj and removing high solubility NaAlOz and NaOII from solution. 

lithium conccntntion (thc limiting rcagcnt) substantially rcduccs alumina solubility ( (AI  + k -  ] -10 - 

D3.0 NITRITE OXIDATION BY IIYDROCEN PEROXIDE 

Oxidation of nitritc to nitrate using ozonc in Hanford wastc has bccn demonstrated in laboratory 
tCsts2’”0.”J2 . Thcsc tests uscd a high shear mixing to ovcrcomc gas-to-solution mass transfcr 
rcsistancc. At this timc, oxidation of tlanford wastc to support fractional crystallization has not 
bccn dcvclopcd, howcvcr thc tcchniquc is offcrcd as a potcntial mcthod to incrcasc sodium salt 
yicld. 

Gascous ozonc has bccn dcmonstntcd to rapidly oxidize sodium nitritc in Hanford wastc. 
Howcvcr, an aqueous solution ofhydrogcn pcroxidc is far safcr to handlc than ozonc gas. Thc 
oxidation potcntial for several common oxidants is shown Tablc D-2”. 

r? RIIO-SA-93. “Ozonation of Ilanford Nuclear Defense Waste.” Rockwell International, Rockwell llanford 
Operations, Lulton. T.W., Schulz, W.W. Stnchan,d. M.. Uollyky, L. J. 

RHO-C47. ”Ozone Mass Transfer and Kinetics Experiments,” Rockwell International, Rockwell I lanford 
Operations, L. Joseph Bollyky and Associates and M. M. Deaty. 
” WHC-~P-O701,“LnbontotyTestingofOrone Oxidationoftlanford Site Waste fromTank241-SY-IOI,” 
Westinghouse llanford Company, Delegard, C.H., Stubbs, A. M., Dolling. S. D., December 1993. 
’* RIIO-SA-203-201, ”Effect of p11 on the Destruction of Complexants with Ozone in IIanford Nuclear Waste.” 
Rockwell Intcrnational, Rockwell llanford Operations, Winters, W. 1. 
l1 From “Introduction lo I lydrogen Peroxide” http://www.h2o2.codintro/ove~iew. 
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Table D-2. Oxidation Potential for Common Oxidants. 

2.8 

Oxidant 1 Oxidation potential, v 
Fluorine I 3.0 

Ozone 2. I 

I Iivdrozen Peroxide I I .8 I 
Sodium Permanganate I .I 

Nitric Acid' 

*Reducing to the nitrite ion. 

Hydrogcn pcroxidc is a modcratcly strong oxidant which dccomposcs to oxygcn and walcr. 
Thcrcforc, it docs not introduce (or incrcasc thc amount of) undcsirablc componcnts such as 
fluoridc, potassium, manganese, or chlorinc in thc wastc". Thus, hydrogcn pcroxidc solutions 
arc safer and sirnplcr to handlc than ozoncloxygcn gas blends. 

Thc rcaction of nitrite and hydrogcn pcroxidc to form nitratc is shown bclow: 

NO,-' + ff20, + NO,-' + 11,O (D-2) 

By this using hydrogcn pcroxidc oxidation of sodium nitrite, thc tcrnary II~O-NaNOj-NaN02 
systcm can bc reduccd to a binary H20-NaNOj systcm which climinatcs thc NaNO2-NaNOj 
eutectic and rcduccs thc total solubility of thc sodium salts in the systcm. 

Using thc same cxamplc from Scction 3.4 and Figurc 9, whcn 10 g of NaN02 arc oxidizcd with 
4.9 g t l 2 0 2  to 13.2 g NaNO, and crystallized by cvapontion, thc systcm follows opcnting linc 
D-E. Upon cvaponlion of 90 g €120, thc nct yicld of NaNOj is 40.8 g NaNOJ, for a nct sodium 
yicld of 76.6%. At thc end ofcvaporation, thc ionic strcngth is 13 M Na. Thus, oxidation of 
NaNOr to NaNOj rcduccs total sodium solubility, ionic strcngth, and incrcascs sodium yicld at 
fixed ionic strcngth. 

Uscd in combination with alumina rcmoval and NaOH ncutralization, nitrite oxidation can 
further lowcr ionic strcngth, liquid dcnsity, viscosity, and incrcasc thcorctical sodium salt yicld. 
In thc casc in Table D-I, thcorctical sodium yicld is incrcascd to 94.1%. 

Oxidation has the potential to produce solublc tnnsunnic compounds, such as plutonium +G. 
Thc formation of solublc transuranic compounds is highly undcsirablc bccausc prccipitation (duc 
to pH, oxidation-reduction potcntial, or tempcnturc) may form suficicnt mass to causc nuclcar 
criticality. If oxidation wcrc to bc used to support fractional crystallization, scvcral mcthods must 
bc used to prevent oxidation ofTRU. Thcsc mcthods includc using an oxidant with lowcr 

0.9 

"Transition metals (i.e. Fe, Cu, Mn) are known to catalyze the reaction of hydrogcn peroxide to the hydroxyl 
radical, thereby increasing its oxidation potential. Ilowcvcr, the catalysis reactions typically require acidic pl1. 
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oxidizing potcntial less than +2.4 volts. From thc tablc abovc, hydrogcn pcroxidc has an 
oxidation potcntial of+1.8 volts. In this cxarnplc, hydrogcn pcroxidc docs not havc thc oxidation 
potcntial to oxidizc Pu(t4) to Pu(tG). 

Othcr prcvcntativc mcasurcs include filtration and separation of TRU prior to oxidation and 
control of oxidation by mcasuring oxidation-reduction potcntial to maintain thc systcm to bclow 
the potcntial to oxidizc TRU compounds. 

Oncc oxidation and crystallization is complete, thc systcm is rcturncd to rcdox ncutral by thc 
addition ofsodium nitritc or blcnding with raw waste, as rcquircd by thc tank farms acccptancc 
critcria. Thc bcncfit ofoxidation for the improvcmcnt of sodium yicld occurs only whcn thc 
initial sodium nitritc substantially cxcccds thc amount nccdcd to mcct thc tank farms acccptancc 
critcria. 

D-8 
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APPENDIX E 

BATCII EVAPORATION RlODE1,S 
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EL0 BASE CASE 

Initial Conditions: 

Temperature 40°C 

H20 100.0 g 

NaZS04 2.5 

NaZC03 5.0 

NaNQ 10.0 

Na0I-I 7.0 
Total 124.5 g 

Figure E- I illustrates changes in ionic strength, ionic activities, solubility products, and the type 
and amount of crystals that fonn during batch evaporative crystallization of the sample. Because 
of t l ie large span in the numbers, soliibility products are shown on a natural logarithmic scale. 

Figure E-1.   vapor at ion Survey 
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e Thc initial ionic strcngth is 4.4. Ionic activitics of Na', SOi2, CO;', NO;'. OK' and HzO arc 
2.56,0.00378,0.0I048,0.4625, I .699, and 0.8855 rcspcctivcly. Using thc calculations shown 
abovc, thc initial saturation ratios for Na(,(SO&CO,(s), Na2CO,-I€I2O(s), and NaNO,(s) arc 
0.00425,0.0861, and 0.0752 rcspcctively; thc salts arc undcrsaturatcd at thc initial conditions. 

Upon evaporation of 50 g HzO and an ionic strcngth of 8.5, Na(,(SO&KO, bccomcs satuntcd. 
That is, thc calculatcd solubility product cquals thc saturated solubility product of 1.007 x102. 

(E-1) 

( E 4  

KN0h(S04,2C03 = b N 0  )" bS04 j2 b C O 3  

= (6.638 )" 10.00377 }' (O.OOS06 } = 1.007~10-~  

sNoh(S0.02T03 = KCA/.C KS4T = 

In  sN0h(.W4)2C03 = (E-3) 

This is shown by thc rcd dashcd linc in thc diagram. As thc systcm bccomcs conccntntcd, thc 
solubility product incrcascs in proportion to thc sixth powcr of thc sodium activity to thc 
saturation linc. Bcyond saturation, N~,~(SOJ)~CO, bcgins to crystallizc at a ratc to maintain thc 
solubility product equal to 1.007~10~~. This is shown by the solid rcd linc in the diagram. 
Although sodium sulfatc is removed from solution at twicc thc ratc of sodium carbonatc, the 
solubility product for Na6(S0.t)zC03 remains constant ancr saturation. 

Upon cvaporation o f a  total of61 g of water and an ionic strcngth of 10.4,2.5 g of Na(,(SO&C? 
has crystallizcd; NazCOj-lII~O bccomcs saturated whcn its solubility product cquals 7.108 xI0- . 
This is shown by thc bluc dashcd linc in thc diagram. 

At NazCOyI t I 2 0  saturation: 

0 

(E-4) 

K,,(SO,,,CO3 ={a, )"{as04 Y{%3 I =  (8.952 )"{0.00123 1210.01292 1 (E-5) 
= I . 0 0 7 ~ 1 0 - ~  

Bcyond this point, NaZCOyl [ I 2 0  co-crystallizes with Na,j(SO&CO, at ntcs to maintain both 
solubility products constant. 
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I) Upon evaporation of 70 g €120,3.1 g of Nq(SOJ)2COJand 2.7 g N a ~ C 0 ~ . 1 € 1 ~ 0  havc 
crystallized, NaNO, bccomcs saturatcd at an ionic strcngth of 11.4. This is shown by thc grccn 
dashcd linc. At this point, thc solubility products for thrcc salts arc equal to thc satuntcd valucs. 

KNn,vo, = {a,}{aN,,,} = {12.8G7}{1.2267} = 1.579~10' (E-G) 

and 

and 

KNn6(S04)?C01 = b N a  ) L b S O 4  } ' b C O I  

= (12.867 )"{O.O005G }'{0.0071 I }=  1.007~10-~  
(E-8) 

Bcyond this point, thc thrcc salts co-crystallizc. Thc remaining salt NaOH is highly solublc 
(128 g NaOW100 g HzO @ 40'C). Furthcr evaporation causcs a dnmatic incrcasc in ionic 
strcngth bccausc of incrcasing sodium ion activity duc to thc conccntration of unsatuntcd NaOtl. 

For this study, an ionic strength of20 M will bc uscd as an endpoint ofcvaporation. The actual 
pnctical limit for evaporation may bc more or less than 20 duc to thc dcnsity and/or viscosity of 
thc solution. 

Ancr evaporation of 90.4 g € 1 2 0 ,  at an ionic strength of 20, sodium activity has incrcascd to 200. 
At this point, total of 3.4,4.2, and 9.7 g of Na(,(SO~)~CO~,Na~CO,.I~I~O, and NaNO, havc 
crystallized. Thcorctical yields for sulfate, carbonatc and nitratc arc 98.5,99.6, and 97.9%. 
Thcorctical sodium yicld is 57.9%. 

To improvc thc yicld of sodium salts by cvaporativc crystallization, carbon dioxidc (CO2) may 
bc uscd to convcrt sodium hydroxidc to sodium carbonatc (NazCO,) which may bc rcmovcd as 
Na2COyI H2O(,) by cvaporativc crystallization. 

2N(1011+ CO,(g) -b Nn,CO, -k II,O + NN,CO, -111,0(~) (E-9) 

To illustntc thc cflccts ofcarbonation on ionic activities and solubility products, thc samplc in 
Examplc I is reacted with 2.75 g of CO2 prior to cvaporation. Thc rcsulting composition is as 
follows: 
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E2.0 ~ A R ~ O N A T I O N  OF NhOH 

Initial Conditions: 

Temperature 40'C 
Fr20 101.13 g 
Na2S04 2.50 
Na2C03 l l ,62 

NaN03 10.00 

NaOH 2.00 
'rota1 127.25 g 

As in the previous example, the salts are undersaturated at the initial conditions. A survey of the 
cvaporation is shown in Figure E-2. 

Figure E-%. Evaporati~n Survey. 
~ ~ ~ ~ ~~ 
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As indicated in thc diagram, more Na2COj.I [ I 2 0  crystallizcs and ionic strength is rcduccd over 
the basc casc abovc 80 g € 1 2 0  evaporated. Thc carbonatc activity has increased duc to thc highcr 
initial NazCOj conccntration. Howcvcr, sodium activity is rcduccd (duc a lowcr sodium activity 
cocflicicnt w3). Thcsc cffccts partially offsct in the calculation of solubility products. 

Upon cvaporation of 55 g of watcr and an ionic strength of 10.2, N%(SO&COj bccomcs 
saturatcd. 

(E-IO) KNn6(S04UC01 = (.No )6bS04 p bC01 1 
= (4.06497 )"{0.00777 }' (0.03697 } = I .007~10" 

N ~ ( S O J ) ~ C O J  saturation occurs slightly latcr than thc prcvious cxamplc duc to thc cffccts notcd 
abovc - (highcr WOJ but lowcr qv,,). 

Ancr cvaporation of GO g of watcr and an ionic strcngth of I 1.0,2.23 g of N%(S0,)2COj 
crystallizcsand Na~COj.l€lzO bccomcs saturated. This is slightly lowcr ( I  g) than Examplc 1 ,  
again bccausc thc highcr carbonate activity is offsct by thc lowcr sodium activity. Thc solubility 
products arc: 

(E-I I )  K N ~ 2 C O l ~ l l 1 2 0  = b N n  }'bCO, } b l l , O  1 
= (4.31987 )z(0.04515 }(0.85736 }=7.108.rIO-' 

and 

N q  (SOJ)~CO~ and Na~COj-IFI20 co-crystallizc to maintain both solubility productsconstant. 
Thc incrcasing sodium activity (duc lo NaNOj) during cvaporation drivcs thc crystallization 
rcactions "IO thc right". 

Upon cvaporation of 84.5 g €120,3.3 g of NzI&~OJ)~COJ and 10.2 g Na2COj.l t 1 2 0  havc 
crystallizcd, NaNOj becomes saturated at an ionic strength of 12.9. This is a significantly highcr 
cvaporation amount (14 g) than Examplc 1 ,  bccausc much of thc sodium has bccn dcplctcd from 
thc aqucous phasc by prccipitating N ~ ~ C O J - I H ~ O .  At this point, thc solubility products for thrcc 
salts arc equal to the saturatcd valucs. 

KNa,,,o, = (aNn }(aNo, }= (7.4262 }(2.1260 } = 1.579xlO-' (E-13) 

and 

(E-14) KA'oZCOl~l/lZO = b N o  )'(aC03 } b / I Z O  1 
= (7.4262 }2(0.0190 }(0.67841 }=  7.108~10-' 
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and 

(E-15) KN06~,W4,2C03 = ~ A ’ o  Y b S O 4  ) ’ b C 0 3  

= b.4262 )” (0.001 78 (0.01 90 } = 1.007~10‘~ 

Bcyond this point, thc thrcc salts co-crystallizc. Thc rcmaining 2 g of NaOtl is highly solublc 
and stays in solution. tlowcvcr, with thc amount of NaOII reduced by carbonation, ionic strcngth 
docs not incrcasc as dramatically as in Examplc 1. 

At an ionic strcngth of 20 h4, a total of 3.4, 12.5, and 9.9 g of N~,(SO.I)~CO,, NaZCOj-I tIz0, and 
NaNOj havc crystallizcd. Thcorclical yiclds for sulfak, carbonatc and nitratc arc 98.3.99.9, and 
99.4%. Thcorctical sodium yicld is 88.0%. 

Thus, carbonation can incrcasc sodium yicld by convcrting highly solublc NaOH to lcss solublc 
NazCOj which can bc crystallized as Na~COJ.IHZ0. In this casc, thc sodium yicld incrcascd 57.9 
from to 88.0% at an ionic strength of 20 M. 

Thc cfTccts of thc complementary solubility of NaNOZ-NaNOj will dc dcmonstratcd in thc ncxt 
cxamplc. If the initial composition ofsodium nitrate was split (on a mole basis) bctwccn sodium 
nitritc and sodium nitrate, thc initial conditions would bc: 

E3.0 NANOz/NANO3 EUTECTIC a 
Initial Conditions: 

Tcmpcraturc 

1120 

NazS0.1 
NazCOj 
NaNOz 

NaNOj 
NaOH 
Total 

40°C 

101.13g 

2.50 
1 1.62 
4.06 

5.00 
- 2.00 

126.31 g 

As shown in Figurc E-3, Nq,(SO&COj and 10.2 g NaZCOj.1 t I z 0  have similar saturation points 
and yields as in Example 2. However, the saturation point ofNaNOj has shiftcd to thc right 
bccausc of thc lower initial conccntration of NaNOj. 

KNo,vo3 ={a, }(aNo, }={11.6588 }{ 1.3545 } = I 5 7 9  (E-16) 

Saturation of NaNOj occurs ancr 85.3 g HzO cvaporatcd and an ionic strength of 14.88. At this 
point, ionic strength bcgins to rise npidly duc to thc complementary solubility of NaN02 and a 
NaNOJ. 
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Figure E-3. ~ ~ a p o r a t ~ o n  Survey. 

IVAPOKA'I'ION SLiRVliY 
IIXAMI'IX 3 

At an ionic strength of 20, sodium nitrite has not reached saturation. A total of 3.4, 12.5, and 
4.0 g of Na,,(SO&CO,, NazCOy 1&O, and NaN03 have crystallized. Theoretical yields for 
sulfate, carbonate and nitrate are 97.8, 99.0, and 80.1%. Theoretical sodium yield is 70.0'1/0. 

Thus, the presence of sodium nitrite decreases sodium and nitrate yield because of the entectic it 
forms with sodium nitrate. To improve the yield orsodium and nitrate, oxidation may be used to 
convert sodium nitrite to sodium nitrate. 

"UNO, t H , 0 2  + NUNO, t II,O (E- 17) 

By this method, the compositiol> o f  Example 3 would be converted to the composition of 
Exasnple 2 (with slightly more HzO), and the theoretical sodium and nitrate yield would improve 
to 88.0 and 94.4% at an ionic strength of20 M. 

E4.0 SODIUM ALUMINATE 

Initial Conditions: 
Temperature 40°C 

HZO 100.0 g 

NazSOt, 2.5 
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Na2CO3 5 .o 
&NO3 10.0 
NaOH 7.0 

NaA102 2 
Total 127.0 g 

As shown in Figure E-4, alumina is soluble (as the A l ( 0 H ) ~ '  ion) during evaporation and 
crystaliizatiori of  N~(;(SO~)ZCO~, NazCO3. IHzO, and NaNO3. These salts crystalliLe at the same 
saturation points and produce the same yield as in Example 1. During this period, the solubility 
o f  alumina increases because the increasing hydroxide activity. The solubility product ofgibbsite 
is: 

Figure E-4. Evaporation Survey. 

35 

Initially, the saturation ratio for gibbsite IS 0.93. Gibbsitc solubility increases during the 
evaporation because an increasing Al(OH)<' activity is offset by a greater increasing OH-' 
activity. 'This is shown by the orange dotted line in Figure 12. Thus, gibbsite becomes more 
soluble during evaporation of this sample because of increasing hydroxide coiiceiitr~tion~ 

After evaporation of 84 g o f  water to an ionic strength o f  13.0, sodium aluminate 2.5 hydrate 
(Na2Al~04.2%HzO) reaches saturation and begins to crystallite. At this point, the soltlbility 
product for Na2A1204.2%Eiz0 is: 

E-9 
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K W /  = i% I h L ( 0 1 0 4  )"bm 1 (E- 19) 
= (54.857 ]'{0.9141 yjO.3613 I-'' = 1 ,156~10~  

As the ionic strength reaches 20 M, a total o f  3.4,4.7,9.9, and 2.9 g of  N ~ ( ~ O ~ ) ~ C O ~ ,  
NazC03~1Hz0, NaN03, and Na2A1204,2%H~O have crystallimi. Theoretical yields for sulfate, 
carbonate, nitrate, and alumina are 98.2. 99.6, 98.9, and 46.1 %. Theoretical sodium yield is 
56.6%. 

As shown in Figure E-5 (as in Example l), the uncrystahed sodium exists as highly soluble 
NaOH. To increase sodium yield, the sample is carbonated (as in example 2) to convert WaOH to 
Na2COI. 

Figure E-5. Evaporation Survey. 
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0 E5.0 GlBBSlTE FREClPlTATlON 

Initial Conditions: 
Tcmpcraturc 40°C 

H 2 0  101.13 g 
NazS0.1 2.5 

NazCOj 1 1.62 

NaNOj 10.0 

NaOl I 2.0 

NaAIOz 2.5 
Total 129.75 g 

In this cxamplc, carbon dioxide has bccn addcd to convcrt most of thc NaOtl to NazCOj, and 
gibbsitc is prccipitatcd. 

Gibbsitc has very slow crystal growth rates. To fully cquilibntc gibbsitc a1 40°C may rcquirc as 
much as 264 hours?s Thus, a fully dcvclopcd crystallinc gibbsitc may not form during 
carbonation. It has bccn dcmonstratcd that rapid carbonation can causc alumina gcl formation?" 
For this cxamplc, gibbsitc is considered to bc initially prccipitatcd. 

Upon cvaporation, this samplc exhibits the samc saturation points for Na(,(SO4)2COj and 
N ~ ~ C O J * I H ~ O  as Examplc 2. The sodium nitratc saturation point is shincd slightly to thc lcfl 
bccausc of the addcd sodium from NaAIOz in thc starting material. 

During this pcriod of evaporation, alumina bccomcs more solublc bccausc of increasing OW 
activity as in Examplc 4. Thc saturation ratio for gibbsitc rcduccs bclow I .O at 77.6 g of € 1 2 0  
cvaporatcd and an ionic strcngth of 12.8. Beyond this point, gibbsitc is undcrsatuntcd and all 
alumina is in solution until thc Na~A1~0.i*2%tI~O saturation point is rcachcd. Thc 
N a ~ A l ~ 0 . 1 ~ 2 % t l ~ O  saturation point occurs at 91.5 g H2O evaporated and an ionic strcngth of 15.0. 

At an ionic strcngth of 20 M, a total of 3.4,4.7,9.9, and 2.9 g of N&,(SO&CO,, NazCO3.I HzO, 
NaNOj, and Na~AI20~*2%/120 have crystallized. Thcorctical yields for sulfate, carbonatc, 
nitrate, and alumina arc 98.3,99.9,99.4 and 48.9%. Thcorctical sodium yicld is 87.0%. As in 
Examplc 2, carbonation has incrcascd sodium yield by converting NaOH to NazCOj. 

IJ Thermochemical Properties of Gibbsite, Bayerire, Bochmite, Diaspore, and the Aluminate Ion Between 0 and 
350C. NUREG/CR-5271,T189 OOGOJG J. A. Apps, J. M. Neil, C.-11. Jun. Lawrence Berkeley Laboratory. 
%"Aluminum Precipitation from llanford DSSF? Wilcy, J.R.. University of Texas - Permian Basin, Contract 
QW098921, September 30,1993. 
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E6.0 SST EARLY FEED 

A simplified composition of the SST Early Feed simulant is shown in Figure E-6, These 
compounds are the dominant sodium salts in the systcm. Trace components KOH, NaCl, 
Na3P04, Na~Cr04, NaF, NazCr04, CsOH arc included 111 the thc~odynamic  model, but not 
shown in this example for simplicity. 

Figure E-6. SST Early Feed Survey 40°C. 

Initial Conditions: 

Temperature 

RzO 
NazS04 

NaZCO? 

NaNOz 

NaN03 
NaOH 

M W 3  

Total 

25°C 

100 g 

2.66 
7.38 
7.86 

46.1 1 

13.26 
6.06 

131.21 g 
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In comparison to the earlier examples, this material is rclatively high in NaNOj. An evaporation 
survey at 40°C (Figurc E-6 abovc) indicatcs that burkcitc is satuntcd a thc initial conditions and 
NaNOj rcachcs saturation and crystallizcs bctwccn Na,,(SOJ)ZCOj and NarCOj.1 HzO. 

In this cxamplc, thc theoretical yields for sodium, sulfatc, carbonatc, nitratc, nitritc, and alumina 
cvaporatcd to an ionic strcngth of 20 arc 76.1,99.6,99.5,99.1,92.5, and 90.2%. Thc 24% 
sodium yicld loss is largely duc to highly solublc sodium hydroxide. Thc cffcct ofsodium 
hydroxidc on ionic strength can bc secn by the inflcction of the curvc abovc 80 g of HZO 
evaporatcd. 

Bccausc of kinctic limitations, it may not bc dcsirablc to co-crystallize sodium nitratc with 
sodium sulfatc and carbonate. Sodium nitratc is a fast growing crystal and has tcmpcraturc 
dcpcndcnt solubility. Burkeitc and carbonatc monohydrate arc slow-growth crystals and havc 
rctrogradc tcmpcraturc solubility. 

E7.0 SST LATE FEED 

A simplificd composition of the SST late fccd simulant is shown below. As in thc carly fccd 
cxamplc, trace components KOH, NaCI, NajPOJ, N a ~ c r 0 ~ ,  NaF, NazC20.1, CsOfl arc includcd 
in the thcrmodynamic modcl, but not shown in this study for simplicity. 

Initial Conditions: 

I Tcmpcraturc 25°C 

H Z 0  100 g 

NazS0.1 2.63 

NazCOj 2.78 

NaNOr 0.53 

NaNOj 14.82 
NaOH 0.15 

NaF 0.46 
Al(011)j - 0.34 
Total 121.71 g 

In comparison to the SST Early Fecd, fhis sample has a highcr conccntration of sodium fluoride, 
a near equal amount of sodium sulfate, but lower conccntrations of sodium carbonate, nitrate, 
and hydroxidc. At the initial conditions, 90% of the alumina would bc insolublc at 25°C. 

Figure E-7 is an evaporation survcy at 40°C. 

E-13 
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Figure E-7. SST Late Feed Evaporation Survey 40OC. 
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The initial ionic strength is 2.7, At the initial conditions, 0.30 g of gibbsite (Al(OH)3) arc 
precipitated. Upon evaporation, gibhsite becomes more soluble due to the mcreasiiig free 
hydroxide and ionic strength. 

In this example, thc solution salts do not reach saturation until 38 g ofwater are evaporated. It 
may he heneticial to pre-evaporate excess water from this material prior to crystallization to 
increase available waste tank volume. 

In this example, schairerite (Na3FS04) is the first sodium salt lo reach saturation at 38 g ofwater 
evaporated and an ionic strength of 4.4. By forming the double salt schairerite during evaporative 
crystallization, sodium sulfate scavenges sodium fluoride from the aqueous phase17. The 
solubility product for schairerite at 40°C is: 

(E-20) 

The next salt to reach saturation is hurkeite at 76 g of water evaporated and an ionic strength of 
10.4. Sodium nitrate saturates at 85 g of water evaporated and an ionic strength of  17.3. Sodium 
carbonatc monohydrate reaches saturation at 93 g of water evaporated and an ionic strength of 
17.2. 

. .,, 
The crystallization and separation of schairerite is beneficial to Hanford waste handling; sodium fluoride co- 37 

precipitates with sodium phosphate in the waste to form low solubility sodium fluoride phosphate noli-decahydrate 
(Na7F(P0.,)2.19H2D). This highly-hydrated double salt rcmoves water from solutioii and has low solubility. 

E-14 
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Bctausc of thc low initial sodium hydroxidc and nitritc, an ionic strcngth of 20 is not rcachcd 
until 98 g ofwatcr arc evapontcd. At this point, thc thcorctical yields ofsodium, sulfatc, 
carbonatc, nitntc, and fluoride arc 88.2,99.9,85.0,92.2, and 99.7%. Thc rcmaining sodium 
yicld loss is mainly duc to solublc sodium nitntc and carbonatc above an ionic strcngth of20. 
Alumina yicld has droppcd to 13% duc to incrcascd solubility. 

As in thc SST carly fccd cxamplc, i t  may bc bcncficial to conduct thc SST latc fccd 
crystallization in two stagcs: onc highcr tcmpcraturc stagc to crystallizc sodium sulfates and 
carbonatcs and a lower tcmpcraturc stagc to crystallizc sodium nitratc. This method may bcncfit 
thc crystal growth ratcs of schaircritc and burkcitc. 

Howcvcr, in this casc, bccausc of thc low initial sodium carbonatc conccntration, highcr 
tcmpcraturcs (GO-100°C) do not shift the sodium carbonatc monohydratc saturation point ahcad 
of the sodium nitrate saturation point. High tcmpcraturcs can causc thc transition ofsodium 
carbonatc monohydratc to anhydrous sodium carbonatc. Thus, in this casc, it would not bc 
bcncficial to crystallizc sodium carbonatc at highcr tcmpcnturcs. 

E8.0 DSTFEED 

A simplificd composition of thc DST simulant is shown bclow. 

Initial Conditions: 

I Tcmpcraturc 25% 
a 

trzo 
NazSO4 
NazCOj 
NaNOl 
NaNO, 
NaOH 
NaF 

NaCl 
KOH 

AI(OH), 
Total 

100 g 
0.18 
1.21 

13.99 
16.6 I 
16.88 

0.08 

1.19 
I .92 
- 7.9 I 

159.98 g 

Comparcd to the previous cxamplc, thc DST simulant has lower concentrations of sodium 
sulfatc, carbonatc, and fluoride. It has highcr concentrations of sodium nitrate, nitritc, hydroxidc, 
chloridc, and aluminum and potassium hydroxidc. 

Figurc E-8 is an evaporation survey at 40°C. 
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Figure E-8. DST Evaporation Survey. 
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The initial ionic strength of the system is 8.9 E. At 40"C, no major salts arc initially saturated; 
m d  there is sufficient free hydroxide to dissolve all ofthe alumina as sodium aluminate. As the 
system is evaporated, the ionic strength increases rapidly due to the presence of high solubility 
sodium hydroxide and aluminate, 

During evaporation, major salts NaN03, NaNO2, NazAI~04.2%H~0, Na2CO3.I H2 
KNO3 crystallire; minor double salts schaireritc and burkeite eo-crystallize. For t 
the major salts arc considered for simplicity of the example. 

The first major salt to reach saturation is sodium nitrate at 40 g o f  H20 evaporated and an ionic 
strength o f  14.9. Sodium carbonate and sodium nitrite reach saturation at 49 g of H-O evmorated 

L 

and an ionic strength of 16.7. At this point, the system reaches the NaNOZ-NaNO? invariant, and 
the ionic strength begins to level out. 

Sodium chloride reaches saturation at 60 g HzO evaporated and an ionic strength o f  17.1. 
Sodium aluminate reaches saturation at 62 g AZO evaporated and an ionic strength of 17.3. 
Potassium nitrate reaches saturation at 70.7 g AZO evaporated and an ionic strength of 17.3. 

The solubility products for NaCl and KN03 ai 40°C are: 

K,, , = {av,, ]{ac 1 = ~32,55502~~1,13676~ = 37.003 

K , ,  = {ac){a,3)= {1.99815]{0.43141)= 1.0958 

(E-2 1) 

(E-22) 
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0 At an ionic strength of 20, thc amounts ofsodium carbonatc rnonohydratc, sodium nitntc, 
sodium nitritc, sodium chloride, sodium aluminate, and potassium nitrate are 1.28, 15.26, 13.14, 
1.10,9.642, and 0.866 g. Thc thcoretical yields of sodium, potassium, sulfatc, carbonate, nitratc, 
nitrite, chloridc, and aluminate arc S6.0,25.0,94.1,9S.7,91.8,94.9,92.6, and 91%. The primary 
sodium yield loss is duc to the high initial concentration ofsodium hydroxidc. 
To increasc sodium yield, rcducc ionic strcngth, liquid density, and viscosity the DST sample 
may bc initially treated lo rcmovc alumina as gibbsite, frcc hydroxidc neutralizcd to NazCOj or 
NaNOj, and NaNOz oxidized to NaNOj. 

I 

I 

I 

I 

l 
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Preliminary ALARA Evnluation of the Fractional Crystnllization System 

~a List of Acronyms and Symbols 

ALARA 
DFCS 
DST 
SST 
DR 
cm 
6 
It’ 
cc 
wt% 
kg 
P 
I 
cm2 
hr 

mm 
min 

SCC 

As Inw As Reasonably Aehievablc 
Dcmonstration Fractional Crystallization System 
Double Shell Tank 
Single Shell Tank 
dose rate 
ccnt imctcr 
gram 
cubic feet 
cubic centimctcr 
weight pcrcent 
kilogram 
photon 
liter 
square centimctcr 
hour 
sccond 
millimeter 
minutc 
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Preliminary ALARA Evaluation of the Fractional Crystallization System 

1.0 OBJECTIVE 

This cvaluation is bascd on a prcliminary conccptual dcsign o f  thc Fractional Crystallization 
Systcm and as such will bc rcviscd as additional dctail on dcsign and facility opcration cmcrgc. 
Thc primary objcctivc of this documcnt is to providc an estimation of the total dosc rcccivcd by thc 
opcrations and maintcnmcc staff working at thc DFCS ovcr a onc ycar pcriod during normal 
conditions. Thc sccondary objcctivc of this documcnt is to providc rccommcndations that will 
rcducc the dosc bclow 500 person-mrcm pcr ycar and achicvc appropriatc ALARA goals. Thc 
dcsign process includcs an cstimatc of thc occupational dosc asscssmcnt for thc facility. ALARA 
cvaluations arc pcrformcd and documcntcd to dctcrminc cost-cffcctivc dcsign cnhanccmcnts to 
rcducc cxposurcs. This evaluation docs not addrcss airbornc containmcnts, radioactivc cfflucnt 
rclcascs or any accidcnt conditions or scenarios. 

2.0 hlETllOD 

Dosc ratcs arc calculatcd using thc computcr codc MicroShicld. Tlic input and output filcs arc 
attachcd. Radiation shiclding is sclcctcd to minimizc pcrsonncl occupational cxposurcs bascd on 
facility occupancy for normal opcrations and facility maintcnancc. Pcrsonncl cxposurcs arc 
cstimatcd bascd on similar facility cxpcricncc for acccss rcquircmcnts, and standard shiclding 
methods arc uscd to cstimatc radiation ficlds. Thc mcthod is itcratcd to minimizc the numbcr of 
pcnonncl that havc thc potcntial of rccciving 500 mrcdyr. 

3.0 INPUTS e 
The Dosc ratcs at various distanccs from thc DFCS facility arc calculatcd using MicroShicld. The 
paramctcrs for thc computcr codc calculation arc located in thc following scctions and in Appcndix 
A through Appcndix C. 

3.1 Geometry 

Thc gcncral arrangcmcnt and overall gcomc try of thc various systcms and componcnts wcrc 
considcrcd in this evaluation. Based on the location and the sourcc term contained within the 
1st Stagc Crystallizcr, it was sclcctcd as thc most limiting componcnt for shiclding dcsign 
considcrations. For modeling purposes thc following assumptions wcrc uscd: ( I )  A cylindrical 
geometry of 4’h x 6‘d was uscd to approximate thc arca within thc crystallizcr that contains thc 
-830 gallons of liquid as stated in the DFCS Systcm Dcscription. (2) Thc volumc uscd in thc 
Microshicld modcl was I13ft’ (844 gal.) which comparcs favorably to thc preliminary dcsign 
operating capacity of thc crystallizcr. (3) Thcrc arc other componcnts, including recirculation 
piping that will contain radioactivc liquids but for thc purposes of this limited evaluation they 
wcrc not included in this evaluation. (4) The Crystallizer will bc constructcd of 304L stainlcss 
stccl (0.5” thickncss). SCC attachcd data shccts for gcomctrics uscd in dosc calculations 
including crystallizer diincnsions, shield thickncsscs and confiyrations. 
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Preliminary ALARA Evaluation of the Fractional Crystallization System 

3.2 hlatcrials 

The Crystallizer will bc constructed of 304L stainlcss steel (0.5” thickncss). A dcnsity of (I) dcc 
was uscd for thc sourcc matcrial. Shield walls wcrc bascd on concrctc with a dcnsity of 2.4 dcc. 
Scc attached data shects for spccifications on matcrials uscd in dosc calculations including 
crystallizcr matcrial, shicld matcrials and associatcd dcnsitics. 

3.3 Source Dcscription 

For thc purposc of this preliminary dosc cstimatc and shielding evaluation, the sourcc of thc 
maximum cxpcctcd dosc rate was assumcd to be thc DFCS crystallizcrs. Thcrc arc two (2) 
possiblc fccds into thc DFCS, thc Single Shcll Tanks (SSTs) and thc Doublc Shcll Tanks (DSTs). 
Thcy havc cxpcctcd conccntrations of up 2.244 CilL and 8.53 CilL rcspcctivcly. For the purposc 
of this evaluation, thc higher fccd sourcc(DST) was uscd in thc modcl. Thc DST PFD, thc 
composition of Strcam X (“FLASII”) in the crystallizcr is in thrcc phases: liquid, solid, and vapor. 
Thc mass of thc liquid phasc is 35.26 Ibnir, the solid 31.03 Ibhr, and the vapor 33.55 Ibhr. Thc 
total mass is thc flow rate timcs thc rcsidcncc timc. So the slurry composition (liquid + solid) is 
46.38~1% solids. Thc solids mainly consist of sodium nitratc (74%), and sodium carbonatc. 
Watcr (17%) with a dcnsity of 19.027 Iblgal. Thc DFCS crystallizcrs will contain radioactivc 
liquid with a conccntration of up to 8.53 CiAiter ~ f C s ’ ~ ~ m i x c d  into a slurry and introduccd into thc 
crystallizcr. Thc resulting conccntration will bc -5.1 1 CilL of Cs’I7 activity assuming (8.53 
Ci/L)*(2.44 gal liquid) /(2.44 gal liq + 1.63 gal solid) = 5.1 I CUL (-40 % rcduction). Each 
crystallizcr is dcsigncd to opcratc with a minimum liquid volumc of 530 gallons, a normal liquid 
volumc of 830 gallons, and a high liquid lcvcl of 1140 gallons. This docs not include thc volumc 
of tank wastc that is contained in thc rccirculation piping. A rough cstimatc of thc quantity of 
matcrial that is contained in the recirculation piping is 100 gallons. Bascd on the volumc and 
conccntration of Cs”’, up to 16,300 Cuncs may bc prcscnt with thc crystallizcr vcsscl during somc 
cvolutions. Thc DFCS crystallizcn producc sodium salt crystals from dissolvcd salts in tank 
wastc. Thc crystals arc produccd by evaporating watcr from tank wastc solutions and growing 
crystals in thc supcrsaturatcd solution. Thc sizcs of thc crystallizcrs arc bascd on thc rcquircd 
rcsidcncc timc for growing scparablc crystals. Thc crystallizcn arc dcsigncd to allow thorough 
washing and clcaning to rcmovc accumulatcd deposits. 

4.0 ASSUhlPTIONS 

Thc First Stagc Cvstallizcr is assumed to bc thc highest dosc rate componcnt with volumc 
cstimatcd nt -845 gal. 

Pcrsonncl cntrics arc limited to dcsignatcd arcas for tours & inspcctions. 

Prior to entry into the facility high dosc rate (DR) material is flushed from componcnts, vcsscls 
and piping. Dose ratcs arc vcrificd via rcmotc rad monitoring instrumcntation. 

Cs’I7 is thc principle nuclide and thc maximum conccntration of Cs137 docs not cxcccd 8.5 
Ci/L and thc cffcctive conccntration of thc slurry is -5.1 ICUL 

Only occupational workcrs havc ~ C C C S S  to thc facility and fenced surrounding arcas. 

Thc facility is opcratcd rcmotcly. e 
Page F-6 of F-20 



RPP-PLAN-27238 Rev. 0 

Preliminary ALARA Evaluation of the Fractional Crystallization System 

2 Opcntord 8hr shitt. 

2 Maintcnancc tcchskrcw 

Working hours/shiR = 8. 

Working days/ycar =: 250. 

All matcrials that contain, may contain, or contact tank wastc or trcatcd tank wastc arc 
constructcd of 304L stainlcss stccl. 

A whole-body dosc ACL (administrativc control limit 4 0 0  mrcdyr)  to aid in kccping 
radiation doscs ALARA was established. This ACL is substantially bclow thc DOE ACL of 
2000 mrcrdyr pcr pcrson for all DOE activitics 

Rcstrictcd arca fcncc linc is 30' from exterior surfacc of DFCS. 

Control room is located >30' from DFCS. 

5.0 CONFIRRIATION REQUIRED 

Nonc. 

6.0 COhlPUTER PROCRARI IDENTIFICATION 

MicroShicld v5.05 (5.05-00538) has bccn vcrificd and validatcd for thc usc of calculating dosc 
ratcs. 

7.0 RESULTS 

Tlic MicroShicld calculatcd dosc ratcs at various distanccs from thc I" Stagc Crystallizcr 
proccssing fccd from the DSTs wcrc uscd for this cstimatc. Thc results can bc seen in Summarics 
providcd in Appcndix A, B and C. Dosc points wcrc sclcctcd at various locations to dctcrminc thc 
dosc ratcs at locations whcrc facility staff would bc cxpcctcd to pcrform thcir duties. Thc locations 
and cstimatcd durations arc providcd in thc Tablc bclow and scrvc as the basis for this estimate. A 
gcncnl arrangcmcnt sketch, Appcndix D, is providcd to illustntc thc rclativc locations uscd and 
arc notcd as Zoncs A, B and C. 

Thc total individual cstimatcd annual exposurc for thc operations and maintcnancc staff is 
approximatcly 21 1 mrcm per ycar per for each individual and a total collcctivc dosc of 21 13 
person-mrcm annually. It should bc noted that this dosc only includes dircct cxposurc and docs not 
account for dosc rcccivcd from othcr potcntial cxposurc pathways. 

In addition to thc dosc estimates for processing thc DST f e d ,  an evaluation was pcrformcd using 
thc cxpcctcd sourcc tcrm associatcd with thc fccd from SSTs. The results of that evaluation wcrc 
annual exposurcs to opcrations and maintcnancc pcrsonncl of approximately 73 mrcm pcr ycar pcr 
for each individual and a total collcctivc dosc of 728 person-mrcm annually. It should bc notcd 
that this dosc only includcs dircct cxposurc and docs not account for dosc rcccivcd from othcr 
potcntial cxposurc pathways. For comparison purposes thc diffcrcncc bctwccn the projcctcd 
annual cxposurc to thc DFCS pcrsonncl at a facility handling SST fccd vcrscs DST is dircctly 
proportion to Cs'"conccntration in thc fccd. Thc lowcr sourcc tcrm associatcd with processing thc 
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GAdose Occu. 
rate time 

location Task Descrlption (mWhr) hrs. #staff 
A Operator tours 8 inspection (Ilshift) 6 0.125 6 
A Preventive Maintenance (daily) 6 0.125 4 
B Operator tours 8 inspection (4khift) 0.07 0.5 6 
B Preventive Maintenance (daily) 0.07 0.5 4 
C Operator tours 8 inspection (4khift) 0.008 7.5 6 
C Preventive Maintenance (daily) 0.008 7.5 4 

Preliminary ALARA Evaluation of the Fractional Crystallization System 

dose (mremTEDE) 

lndiv collect annua Collect 
daily daily I annual 
0.27 1 188 1125 
0.27 2 188 750 
0.01 2 9 53 
0.01 3 9 35 
0.02 0 15 90 
0.7 1 15 60 

lndiv. 

Ops total 
Maint.Tota1 
Total Crew 

Projected Occupational Doses for DFCS Ops.  8 Maint. Activities (SST Feed) 

211 1268 
211 845 
423 2113 

GAdose Occu. 
rate time 

location Task Description (mRlhr) hrs. #staff 

A Preventive Maintenance (daily) 2.13 0.125 4 
B Operator tours 8. inspection (4lshift) 0.02 0.5 6 

C Omrator tours 8. insoection (4lshift) 0.002 7.5 6 

A Operator tours 8 inspection (Ilshift) 2.13 0.125 6 

B Preventive Maintenance (daily) 0.02 0.5 4 

dose (mremTEDE) 

lndiv collect annua Collect 
daily daily I annual 
0.27 2 67 399 
0.27 1 67 266 
0.01 0 3 15 
0.01 0 3 10 
0.02 0 4 23 

lndiv. 

As sccn in Tnblc 2 thc projcctcd individual doscs for thc staff is less than 500 mrcdyr  TEDE 
b a s 4  on thc stated dosc ratcs resulting from the SST fced sourcc and occupancy timcs. Expcctcd 
dosc ratcs and cxpcctcd pcrsonncl cxposurc arc approximatcly 35% of that of thc DST fccd shown 
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Preliminary ALARA Evaluation of thc Fractional Crystallization System 

in Table I abovc. 
paramctcn cvolvc. 

Thcsc cstimatcs will bc rcviscd as morc dctailcd dcsign and opcrating 

9.0 RECOhlRlENDATIONS 

Utilize rcmotc vidco monitoring cquipmcnt to rcducc entry occurrcnccs into facility. 

Placc valvc opcrators, gaugcs, ctc. in low dosc arcas to the grcatcst cxtcnt practical to lowcr 
pcrsonncl cxposurc. 

Ensurc vcntilation system dcsign is adcquatc to maintain DFCS undcr ncgativc prcssurc and to 
providc an acccptablc monitorcd rclcasc pathway. 

A morc dctailcd and comprchcnsivc ALARA evaluation should bc pcrformcd that will account 
for dircct cxposurc from thc sourcc term prcscnt in all systcms and components. 

An analysidcvaluation of all othcr potcntial cxposurc pathways should bc pcrformed to cnsurc 
the facility dcsign mccts all applicablc DOE dcsign rcquircmcnts. 

A dctcrmination must bc madc as to thc accessibility and occupancy factors for thc DFCS 
fcncc linc. For thc purposc of this evaluation, it is assumcd that only occupational workers havc 
~ C C C S S  to that arca. I-Iowcvcr, if a mcmbcr of thc public has ~CCCSS to thc DFCS fcncc linc, it 
may bc ncccssary to cxtcnd thc fcncc further from thc DFCS facility to cnsurc that cxposurc to 
a mcmbcr of the public dosc not cxcced 100 mrcdyr.. 

10.0 REFERENCES 

I )  DST Fractional Crystallization System Conceptual Dcsign. COGEMA-D CVG-002 

2) DFCS General Arrangcmcnt Conceptual Sketch. OS/I 1/05 

3) DFCS Preliminary Safety Anabsis, 05/05/05 
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hlicroShieltl input and output 

‘I 
1 Stagc Crystallizer w 2’ shiclds 

FCS# I 

e 

a 
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Appendix B 

hlicroShield input and output 

1st Stage Crystallizer wlo shielding 
FCS#2 

a 
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Appendix C 

hlicroSliield input and output 

1st Stage Crystallizer wl shielding at fence line 
FCS#3 

~@ 
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DFCS Facility General Arrangcmcnt Drawing 

Dosc Points 
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I Summary Costs RPP-PLAN-27238 Rev. 0 

Contingency Contingency 
Item costs Amount Dollars Total 

Project Management $ 4,999,424 10% $ 499,942 $ 5,499,366 
QA $ 881.580 5% $ 44,079 $ 925,659 

EH&S $ 493.824 5% 8 24691 S 518 515 

support 

. . . . . . . 
Information Management $ 171]418 5% $ -8:571 $ 179.989 
Regulatory and Licensing 16 1.1 19.248 10% $ 111.925 $ 1.231.173 

Subtotal $ 7,665,494 $ 689,208 $ 8,354,702 
. ,~ . .  ... . . .  

Engineering 
2,619,623 1 .  Title I Design $ 2,183,019 20% $ 436,604 $ 

I Title I I  Design $ 5,359,231 35% $ 1,875.731 $ 7,234,962 
Title 111 Design $ 581.116 10% $ 58.112 $ 639,227 

Subtotal $ 8,123,366 s 2,370,446 $ 10,493.81 2 

Construction 
I Site Work 

Building 
Process Equipment 
Piping and Fittings 

Valves 
Instrumentation 
Off Gas System 
Steam Supply 
Process Water 

ChillerICondenser System 

, 

a 

$ 566,401 
$ 5,078.288 
$ 6,045,396 
$ 417,468 
$ 192,470 
$ 868.351 
$ 2.316.805 
$ 21 1,375 
$ 38,250 
$ 62,276 

Construction Mgmt Labor $ 1.680.204 
Subtotal $ 17,477,283 

Operations (based on 2/17 yr life span) 
Operations Labor $ 99,977,036 

Material $ 26,209,784 
Equipment $ 257,244 

Subtotal $ 126,444,064 

Decommissioning .'. '- '- '  ' , 

Characterization $ 142,060 
Decomissioning Plan $ 69.237 

Field Operations $ 3.033.481 
Final Survev $ 116.716 
Final Repoi $ 67;929 

Subtotal $ 3,429,422 

Total Project s 163,139,629 

25% $ 
45% $ 
40% $ 
30% $ 
25% $ 
45% $ 
30% $ 
30% $ 
30% $ 
30% $ 

14 1,600 
2.285.230 
2,418.158 

125,240 
48.118 

390.758 
695,042 
63,413 
11,475 
18,683 

708.001 
7,363.518 
8.463.554 

542.708 
240.588 

1,259,109 
3,011,847 

274.788 
49,725 
80.959 

10% $ 168.020 $ 1.848.225 
$ 6,365,736 $ 23,843,019 

10% $ 9.997.704 $ 109,974,740 
15% $ 3,931.468 $ 30,141,251 
30% $ 77,173 $ 334,417 

5 14,006,344 $ 140,450,408 

35% $ 49,721 $ 191.781 
10% $ 6,924 $ 76,161 
35% $ 1.061.718 $ 4,095,199 
35% $ 40.850 S 157.566 
10% $ 6,793 $ 741722 

s 1,166,006 $ 4,595,428 

$ 24,597,741 5 187,737,370 
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