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INTRODUCTION

The tetraphenylborateslurryproducedduringIn-Tank Precipitation(ITP) operationsinTank 48 willbe
concentratedto nominally10 wt% insolublesolids,washedandtransferredto Tank 49 for storage,lt is
anticipatedthatthe initialslurryproducedwill haveaccumulatedinTank 49 for at leasttwo yearsbefore
radioactiveoperation inDWPF commences(6/94). Sodiumnitriteadditionswill be requiredto prevent
pittingcorrosionof the carbonsteel tanks.Currentprojectionsby InterimWaste Managementindicatethat
the slurrytemperaturewillbe maintainedbetween 55°C and60°C (withoutadditionalcoolingcapacity).At
60°C, the nitrite concentrationinthe slurrybatchedto the Late Wash Facility(LWF) willrangebetween
0.13 M and 0.14 M.

Laboratory-scaleprecipitatehydrolysisstudiesusingtetraphenylborateslurrysimulantsirradiatedto a
dose equivalentto 2 years storageinTank 49 (@24 Ci Cs-137/gal) havedemonstratedthatthis levelof
nitriteand the radiolysisproductsproducedduringstoragewill (1) requirea concentrationof catalyst

AuthorizedDerivativeClassifier

E. W. Holtzsc_eiter,773-A

1



. WESTINGHOUSE SAVANNAH RIVER COMPANY WSRC-RP-92-793 (Rev 1)
- SAVANNAH RIVER TECHN_:;_.OGY CENTER

duringhydrolysisthat will likelyexcee_ the coppersolubilityinglassand (2) necessitatethe useof the
reductanthydroxylaminenitrate (HAN) to reduce the productionof organictars. Althoughthisflowsheet
has been successfullydemonstrate_._na bench-scaleandpilot-scaleto meet hydrolysistechnical
constraintsat nitriteconcentrationsinthe feed slurryup to 0.20M (aqueousbasis),the non-polarorganics
inthe aqueousproduct(PHA) have been shownto steam stripindownstreammelterfeed preparation
processesand accumulateinthevessel vent system.In addition,the HAN used duringhydrolysisisthe
principalsourceof ammoniumflowto the ChemicalProcessCell whichhasbeen demonstratedto
subsequentlyevolveas ammoniaduringmelterfeed processesand accumulateas ammoniumnitrate(a
knownexplosive)inthe vesselvent system.These two conditions,unlessmitigated,willcompromisethe
safetyandoperabilityof the DWPF.

A taskforce recommendedthatthe technicalfeasibilityof a "LateWash"facilitybe assessed[1]. In this
facility,each batchof tetraphenylborateslurryfromTank 49 wouldbe givena finalwashto reducethe
concentrationsof nitriteand radiolysisproductsto acceptablelevels.Laboratory-scalestudies have
demonstratedthat if the nitritecontentofthe slurryfed to DWPF is reducedto 0.01M or less (andat leasta
4X reductionin concentrationof the solublespeciesis attained), (1) the need for HAN duringhydrolysisis
eliminated(eliminatingthe productionof ammoniumionduringhydrolysis), (2) hydrolysismay be done
witha catP.;ystconcentrationthat willnotexceedthe coppersolubilityinglassand (3) the non-polarorganic
productionduringhydrolysisis significantlyreduced.The firstphase of an aggressiveresearchand
developmentprogramhas been completedand alitest resultsobtainedto date supportthe technical
feasibilityof Late Washing.

Parallelingthisresearchand developmenteffort is an aggressivedesignstudydirectedby DWPF to
scopeandcost retrofittingthe AuxiliaryPumpPit (APP) to enableperforminga finalwash of each batchof
precipitateslurrybefore it istransferredintothe DWPF Salt ProcessingCell (SPC). An initialtechnical
basesfor the Late Wash Facilitywas transmittedto DWPF on June 15, 1992. Researchand development
activitiesare continuingdirectedprincipallyat optimizationof the cross-flowfilterdecontamination
methodologyand pilot-scalevalidationof the recommendedbenzene strippingmetodology.

PROCESS DESCRIPTION

General

The LWF must havethe capabilityof producinga batchof washedslurrywitha nitritecontentequalto
or lessthan 0.0lM every43 hoursto meetthe DWPF designbasis attainment. Each batchreceivedin
the LWF willbe treatedwith NaTPBto precipitateany solubleCs-137, the insolublesolids
concentrationwillbe increasedto 10 wt% andfinally,the slurrywillbe washedto reducethe nitrite
contentto 0.01M or less.

Filtrate(spentwash) producedduringthe concentration/washingcycleswill be accumulatedinthe
APP's RecyclePumpTank (RPT) andthe Sludge PumpTank (SPT). The benzenewillthen be
strippedfromthe wash intothe processvesselvent systemfollowedby causticaddition.After
analyticallyconfirmingthatthe Tank 22 receiptlimitshavebeen met(i.e. totalradionuclidecontent
<0.60 Ci/gal, OH- content > 1.0M andthe benzene concentrationis lessthan 5 ppm),the spentwash
willbe transferredto Tank 22.

Processln_o Stec)s

Step 1 A batchof precipitateslurryistransferredfromTank 49 intothe APP's Precipitate
PumpTank (PPT). The batchsizewouldbe that requiredto meet the DWPF design
basis attainment.However,the batchsize may be lessif the nitritecontentof the feed
wouldproducean inhibitedspentwash volumeinexcess of the workingvolumeof
the RPT and SPT.

Step 2 Sodiumtetraphenyborate(NaTPB) is addedto the PPT to reprecipitateany soluble
cesium,potassiumandammoniuminthe slurrytransferredfromTank 49. This stepwill
achievea minimumDF for Cs-137of 150 (DF = theconcentrationof solublecesium

2



"= j i i tLi

. WESTINGHOUSE SAVANNAH RIVER COMPANY WSRC-RP-92-793 (Rev 1)
- SAVANNAH RIVER TECH._!OLOGY CENTER

before reprecipitationdividedby the concentrationof solublecesiumafter
reprecipitation)and ensure the Tank 22 constraint(<0.61 Ci/gal) is met.

Step 3 The slurryis filteredviathe cross-flowfilterto increasethe totalinsolublesolids
contentto 10 wt%.

Step 4 The slurryis recirculatedthroughtile cross-flowfilterwhilewashwater (containing
0.004M NaTPB) is addedat a rate equivalentto the cross-flowfilterpermeaterateuntil
the nitritecontentof the aqueousfractionof the washed slurryis reducedto 0.01M or
less. The permeate (spentwash) is accumulatedinthe RPT andthe SPT.

Step 5 Followingdrainageof anywashedprecipitateinthe cross-flowfilter and associated
pipingto the PPT, the washedprecipitateslurryistransferredto the Precipitate
ReactorFeed Tank (PRFT) inthe SPC after confirmationthat the nitritecontentof the
aqueousfractionis 0.01M or less.

Step 6 As the permeatefrom the washingoperationaccumulatesinthe RPT andthe SPT, it
iscontinuouslystrippedintothe vessel vent systembya combinationof nitrogen
spargingand sprayingintothe vapor space to reducethe solublebenzene contentof
the spentwashto 5 ppmor less.

Step 7 Sufficient50 wt% sodiumhydroxideis added to the spentwash to adjustthe
hydroxidecontentto 1.0M or greater.

Step 8 Followingconfirmationthat the spentwash meetsradionuclide,benzene and
hydroxidelimits,the spentwash istransferredto Tank 22.

Figure1 is a processflowdiagramof the Late WashProcess.

• MATERIAL BALANCE

A latewash materialbalancehas been preparedbasedon ITP operationsbeingcarriedout inTank 48 at a
temperatureof 60°C. Assumingtwoyears storageinTank 49, the nitritecontentinthe aqueousfractionof
a slurrybatchtransferredintothe LWFwillrange from0.13 M to 0.14 M. The caiculationalbasesand a
completematerialbalanceacrossthe Late Wash Facilityare locatedinAppendixA.

Table I listsbatchsizesfor selectedprocessstreamsbasedon the referencematerialbalancein Appendix
A. Asshownin Table I, the inhibitedspentwash(--9000 gallons)is at 95% of thecombinedcapacity
affordedbythe RPT andthe SPT. This is due in largepart to the 650 gallonsoperatingheel inthe PPT.
Withoutthis heel, the quantityof inhibitedspentwashproducedper cycle(at a nitriteconcentrationinthe
precipitateslurrybatchedto the PPT of 0.135M) is about 8,000 gallons,or 85% of the combinedcapacity
of the RPT and SPT. Consequently,the maximumallowablenitriteconcentrationinthe precipitateslurry
batchedto the LWF is about 0.15.

TECHNICAL BASES

General

lt isassumedthatthe LWFwilluse a cross-flowfilteridenticalin filtersurfacearea to thatto be usedin
In-tankPrecipitation.Thisfilterhas 230 ft2of filtersurface.

o The late wash cycle is 43 hours(basedon DWPF designbasisattainment).
o The portionof the latewash cycleto executewashingis limitedto a maximumof 20 hours.

-- The washcycleperiod(20 hours)isbasedon attainingan averagecrossflowfilterpermeate
fluxof 0.032 gal/min-ft2over a washcycleassuminga washwater requirement(~8750 gal) that
wouldproduced9400 gallonsof inhibitedspentwash - the maximumcombinedcapacityof
the RPT and the SPT.
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o Maximumavailablespentwash storagecapacityinthe APP is9400 gallons.
o Technicalconstraintsfor spentwashtransferto Tank 22"

• Benzenemustbe equalto or lessthan 5 ppm
• Radionuclidecontent mustbe lessthan 0.61 Ci/gal
• Hydroxidecontentmustbe equalto orgreaterthan 1.0M

o At leasta 4X dilutionof the solublespeciesinthe slurrybatchedto the Late Wash Facilitymust
be attainedinthe latewash cycleto mitigatethe impactof solubleorganicspecies (produced
byradiolysisduringstorageinTank 49) on the effectivenessof thecoppercatalystduring
precipitatehydrolysis.

o The precipitateslurry recirculationpumpand thetransferpumpinthe PPT mustbe ofthe low
shear type.

o Waterused for (1) precipitatewashing,(2) filterflushingand(3) makeupof coldchemicals
mustbe pretreatedto ensurethat no insolublesolidsare present(or produced)that could
plugthe cross-flowfilter.

o Water to be usedfor washingmustbe adjustedwith NaTPB solution(0.55M NaTPB - 0.10M
NaOH) to a target NaTPBconcentrationof 0.004M to 0.0045M.

_:haracterlstlcs of Tetraohenylborate Slurry Batched to the Late Wash Facility

This sectiondescribesthe physicalandchemicalpropertiesoftypicalirradiated,washed
tetraphenylborateprecipitatesimulantslurryto be batchedto the LWF. However,it shouldbe
recognizedthe the chemicalmakeupof thisslurrycan va_ significantly.

a S_o_tub/ca b

KTPB 85.5 Na2C204 5.11
CsTPB 1.26 Na2CO3 <;2.9
NH4TPB 4.88 Na2SO4 0.66
Hg(C6HS)2 2.03 NaAI(OH)4 1.19
NaTi205H 2.22 C6H5OH 7.45
BaSO4 0.50 C6H6 0.99
(C6H5)2 2.29 CsOH 0.19

: (C6H5)2C6H4 0.28 KOH 5.95
C6H5B(OH)2 0.98 NH4OH 1.84

Na2B407 6.01
NANO2 26.8
NANO3 0.55
NaOH 0.063
Na2CrO4 0.018
Na3PO4 0.047
NaCI 0.044

: NaF 0.021
Na2SiO3 0.016

: pH .,,10
Density 63.6 Ibs/ft3

wt% (wet_
InsolubleSolids 9.12
Soluble Solids 3.07 a - InsolubleSolidsFractionOnly
Water 87.8 b - SolubleSolidsFractionOnly

Density 64.0 Ibs/ft3
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The followingdata are basedon a slurrythat has been irradiatedto a doseequivalentto 2-years
storageinTank 49 (assuming24 Ci/galCs-137) andcontainsa totalinsolublesolidscontentof
~10 wt%.

o Consistency 3.0 cp
o YieldStress <10 dynes/cm2

Consistencyandyieldstressfor a slurryirradiatedto a dose lessthanthatequivalentto 2 years
storagein Tank 49 is showninFigures2 and 3.

Process Cycles

Batch Transfer from Tank 49 to PPT

A batchof washedprecipitateslurrywillbe transferredfromTank 49 to the PPT at leastevery 43
hoursto meet the DWPF designbasisattainment.

ReDreciDitatlon

DuringstorageinTank 49, a fractionof the the Cs/K/NH4TPB becomessolubledue to radiolysis.
lt is conservativelyprojectedthat 6.5% per year of the tetraphenylboratesolidssolubUize.NaTPB
is added to reprecipitatethe Cs/K/NH4 to ensurethe Cs-137 contentof the spentwash meets
the Cs-137 limitfor transferto Tank 22 [2].

o Precipitant- NaTPB
o SolutionComposition(identicalto the NaTPB solutionto be used in ITP)

• NaTPB 0.55M
• NaOH 0.10 M

o Density- 63.6 Ibs/ft3
o Storage Considerations

• FreezingPoint(-5°C) Freeze protectionrecommended
• Flammability NaTPBcontainsbenzene. Tank shouldbe

blanketedwith nitrogen
• Capacity Nominaladdition- 504 gallons
• TransferRate Notechnicalbasisfor a controlledrateof addition

to the PPT
• Benzene Generation NaTPBthermallydecomposes. Recommend

storagetemperaturenot to exceed 40°C

o NaTPB Requirement

CalculationalBasis:see AppendixB

The requiredquantityof NaTPB is basedon the stoichiometricquantityneeded to
precipitatethe solublepotassium,cesiumand ammoniumplus that requiredto adjustthe
aqueous fractionto 0.004M NaTPB. The compositionof the batchof precipitateslurry
used to calculatedthe NaTPB requirementwillbe the last analysesof the slurryinstorage
in Tank 49 correctedforthe elapsed periodbetweenthe time the sample was obtained
fromTank 49 andthe time that reprecipitationis plannedinthe PPT. Samplingthe PPT
aftereach batchof slurryisreceivedfromTank 49 is receivedis not required.

o M,ix PeriodAfter Ad_,ition- 30 minutes
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Surface Active Aaent Addition (post NaTPB addition)

lt is notanticipatedthat a surfaceactiveagentwill haveto beadded to mitigatefoamingand
enhancecross-flowfilterperformance.Researchanddevelopmentare continuinginthisarea.
However,for purposesof developinga costestimateforthe proposedLate Wash Facility, it is
recommendedthatfacilitiesbe includedinthe scope-of-workcapable ofdeliveringa surface
active agentto the PPT.

Althoughthe preferredsurface activeagenthas not been determined,for the purposeof sizing
the surfactanttank, it isassumedthatthe surfactantSurfyno1104Ewouldbe used (limitedcross-
flow -filtertests have been performedusingSurfynol104E):

o SpecificGravity- 0.999 @ 25°C
o Concentrationof ActiveComponent- 50 wt%
o Surface ActiveAgent BatchSize

CalculationalBasis:See AppendixB

Based on the materialbalancein AppendixA, about4 gallonsof Surfynol104E wouldbe
added to the PPT after reprecipitationto attain500 ppm (byweight)of the active
componentin the Surfynol104E solution.

o Surface ActiveAgentHoldTank Capacity

Recommendthe LWF scope-of-workincludea 50 gallonsurfactanttank servicingthe
PPT.

o Mix PeriodAfterAdditionPriorto Next ProcessStep- 15 minutes

Concentration

Followingreprecipitation,the slurryis filteredto raisethe concentrationof insolublesolids10.0
wP/o.The filtrateisaccumulatedin oneof the spentwash holdtanks. Concentratingthe slurryprior
to washingofferstwo distinctadvantages.First,the quantityof wash water requiredto reducethe
nitritecontentto 0.01M is reducedand secondly,the batchsize to the Salt ProcessingCell (SPC)
is reduced.

o Target InsolubleSolidsConcentration- 10 wt%

CalculationalBasis:see AppendixB

No additionalanalysesotherthanthat of thebatchtransferredfromTank 49 willbe
required.

Note: The sample schedulewillcallfor a sampleto be taken postconcentrationand
analyzed for nitritecontentof the aqueousfraction and_otalinsolublesolids.This
is nota processcontrolsamplebutwillbe usedto validatethe initialcalculationof
the washwater requirement.If a correctionto the washwater requirementis
required,the washcycleperiodallowsadequatetime to make suchan adjustment.

o PhysicalCharacteristicof ConcentratedProductShJrry(@11.0 wt% insolublesolids)

Consistency- 4 cp
Yield Stress- <10 dynes/cm2

: o Cross-FlowFilterProcessOperatingParameters
_

See "Cross-FlowFilter Parameters"in subsequentsection.
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Duringthisstep, wash water isadded to the PPT ata rate equivalentto the cross-flowfilter
permeate rate. Agitation is maintained throughout the wash cycle to ensure the PPT behaves as a
weel mixed, continuously stirred tank. Loss of agitation should be accompanied by the immediate
shutdown of the slurry recirculation pump and the wash water delivery system. The wash water
addition rate can be controlled off the level of the slurry in the PPT. The permeate from the cross-
flow filter is accumulated in the spent wash hold tanks (RPT and SPT).

WashWater Specifications

Ali water used for washing, cross-flow filter flushing, makeup of cleaning solutions, makeup of
trim chemicals and layup of the cross-flow filter must be pretreated to ensure there are no
insoluble solids introduced into the system (or subsequently produced) that could plug the
cross-flow filter. See Section - "Water Treatment" for pretreatment options.

In addition, the chemical composition of the water used for washing must be as follows:

o NaTPB Concentration - 0.0035M to 0.0045M
o NaOH Concentration - 0.00lM to 0.010M

The NaTPB content of the wash water is required to prevent a portion of the CsTPB from
becoming soluble during the washing cycle. Failure to maintain an excess of NaTPB in the
precipitate slurry throughout the wash cycle could result in the Cs-137 concentration in the
spent wash water potentially exceeding the Tank 22 limit.

Wash Volume
,i

That volume of wash w_,terrequired to reduce the nitrite concentration of the aqueous
fraction of the slurry to 0.01M or !css. See Appendix B for the algorithm to calculate the wash
water requirement. The initial e'_timateof the wash water requirement will require no additional
off-line analyses. However, wl',en the analytical results of the post-concentration sample are
received (NO2- and total insoluble solids), the initial estimate of the wash water requirement
will be checked and adjusted as required.

Nominal wash water requirement - ~7300 gallons

WashWater AdditionRatez

The washwater deliverysystemmustbe capableof meteringthe washwaterintothe PPT ata
rateequivalentto the permeaterate(i.e. at a ratethat maintainsthe slurrylevel inthe PPT
constant),lt is recommendedthat thewashwater deliverysystembe capableof m_tchinga

= cross-flowfilter permeate fluxrangingfrom0.010 gal/min-ft2 to 0.16 gal/min-ft2

Cross-FI0WFilterODeratinoParameters(applicabletowashing/reconcentrationcycles)

Typicalcross-flowfilter processoperatingparametersare indicatedbelow. A subsequent
sectionaddressesthe cross-flowfilter designbases.

• Slurryvelocity in cross-flowfiltertubes 6 ftJ'sec(nominal)
• Transmembranepressure 15 psig to 25 psig

" • Slurry temperature 20°C - 30°(3
• Backpulsefrequency every 5 min

- • Backpulsepressure 125 psig+ 10% (nitrogen)
• Backpulseduration 1.0 - 2.0 seconds

7
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Backpulsinginvolvesforcingpermeateradiallybackthroughthe filterporesto dislodge
accumulated solidsfrom the filter (while the slurry continuesto circulatethrough the filter
tubes).

Po_t Washlna/Cross-Flow Filter Lavuo

Followingthewash cycle,the cross-flowfiltersystemis drainedof residualwashedprecipitateinto
the PPT. The washedslurryisthen readyfor transferto DWPF pendingconfirmationthatthe
nitritecontentof the aqueousfractionof the washedprecipitateslurryis0.01M or less.

If the cross-flowfilterpermeatefluxat the conclusionof thewash cycle is greaterthan 0.045
gal/min-ft2 orthe requiredtransmembranepressureto sustainthe permeateflux is lessthan 25
psig,a cleaningcycle is not requiredandthecross-flowfilter need onlyinventoriedwithwater until
the next concentrationcycle. If the permeate fluxor transmembranepressureatthe endof the
wasl_cycledo not meet theseconstraints,a cleaningcycle should be executed(see section
"RecoveringCross-Flow FilterFlux")

Benzene StrlDolna

The benzenecontentof the spentwash mustbe reducedto 5 ppm or less to permittransferto
Tank 22. Thiswillbe accomplishedbya combinationof spargingthe spentwash(@50°C) with
nitrogenandrecirculatingthe spentwash via spraynozzlesintothe vesselvapor space of the
PRT and SPT. Laboratoryexperimentsand modelingstudiesindicatethe benzenecontentof the
spentwash can be reducedto 5 ppm in lessthan 20 hours[3]. lt is importantthat the nitrogen
spargingand sprayingbe initiatedas soonas filtratefromthe concentrationcycle and the spent
wash beginsto be receivedina spentwashholdtanks.

Design Bases:

Spargincj

o S_::_rgeFluid Nitrogen
o Sparging Rate 1.24 scfrn/ft2 of wash surface
o BubL_leSize 2 mm
o SpentWash Temperature 50°C

Recirculation

o RecirculationRate 20 gpm
o Numberof SprayNozzles 4
o Spent Wash Temperature 50°C
o Spray DropletSize 0.10 mmto n.25 mm

Figure4 depictsthe projectedbenzene profile,inthe RPT and the SPT duringthe wash cycle.

i Duringthe benzene spargingcycle, foamwill be produced. Usingcross-flowfilter permeate --
producedduringwashingof irradiatedprecipitate,studieswere conductedto determinefoam
heightas a functionof wash temperature,degr6 :.of agitationand spargerate. At a spargeflux '
1.33 scfm/ft2,(designbasis =1.24 scfm/ft2),_, ;'1otime did the foam heightexceed 5 inches."f,,e
foam is unstableand rapidlysubsidesupon stoppingspargingand agitation[3].

Inhibitor Adiustment of S¢_ent WPsh

• Transfers intoTank 22 must containa hydroxideconcentrationof at least1.C_M.

o Inhibitor- 50 wt% NaOH
o Caustic Requirement

- 8
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CalculationalBases'see AppendixB

o NominalNaOH Requirement-500 gallon

CROSS-FLOW FILTER DESIGN BASES

The cross-flowfiltersystemis to be capable of meetingthe followingrequirements:

o MinimumFilterSurface 230 ft 2

o Filter Pore Size 0.5 micron(nominal)
o Materialof Consruction 316 L SS
o Slurry/CleaningSolutionVelocityin Cross-FowFilterTubes 4 to 8 ffJsec
o Transmembranepressure 0 psigto 60 psig
o Slurry Temperature <40oca
o BackpulseFrequency every 5- 30 min
o Backpulse Pressure 90 psig to 125 psig (nitrogen)
o BackpulseDuration 0.5 secto 10 sec

a - The system to limitthe temperatureof the slurryenteringthe cross-flowfilter
to a maximumof 40°C mustaccommodatethe maximumtemperaturethe slurry
transferredfromTank 49. InterimWaste is currentlydevelopingwhat the
maximumtemperaturea batchofwashedslurrywillbe that istransferredto the
LWF. Untilthisdesignparal_eteris available,60°C shouldbe assumed.

CROSS-FLOW FILTER PERFORMANCE

Essentiallyali the cross-flowfilterperformancedata withirradiatedtetraphenylbor3teslurrieshavebeen
been developedin a bench-scaleunitconsistingof a single0.5 micron,3/8-inch lD x 16 7/8-inchlongfilter
tube, anda three gallonrecirculatingtank [4]. A diaphragmpumpwas usedto re-circulatethe slurryat
constantsolidsconcentrationbyreturningthe permeateto the recirculatingtank. The inletpressureand
the tubeflow(linearvelocity)was adjustedto gatherfluxmeasurementsatvariouspressuresandflows.
Table II in an excerptfromReference4 summarizingcross-flowfilter performanceusingirradiatedfeed.

Filterperformancedecay is summarizedin Figure5. The decay is slight,bothfor freshand reprecipitated
slurryand indicatesthatfilter cleaningmay not be neededaftereach latewash cycle.

Basedon the data obtainedfrombench-scaletests, a permeatefluxof 0.032 gal/min-ft2(requiredfluxto
affectwashinginthe LWFwithin20 I'v._urs- assumingthe maximumwashwater requirement) appears
easilyattainable.

RECOVERING CROSS.FLOW FILTE__

Duringcross-flowfiltrationthe permeateflowdropsoff rapidlyas a filtercake accumulatesonthe surfaceof
the filtertubes. Frequentbackpulsing(reversepermeateflow) is usedto liftthe filter cake andrestoreflow.
However, as the filtrationcontinues, the poresplugwithfinesand the Dermeateflux(at a given
transmembranepressure)graduallyfallsoff to anunacceptablerate,or thetransmembranepressure
requiredto maintainan acceptable permeatefluxgets too high,necessitatingcleaning.Althoughthe
frequencyof the need to clean the filterhas not been determined,provisionsto clean aftereach late wash
cycle shouldbe provided.

The mosteffectivecleaningtechniquedemonstra'zedto date is highflow(~6 ft/sec)axial recirculationof 4
wt% oxalicacidthroughthefiltertubesfollowedby lowvelocityflushingwith4 wt% NaOH solution,lt is

_- recommendedthat the cleaningsolutionsbe reusedto minimizewastevolume.The oxalicacid solution
shouldbe replacedwhen the pH exceeds 2. The sodiumhydroxidesolutionshouldbe replacedwhen
the pH falls below 13. The oxalicacid solutionshouldalsobe replaced if the radiationlevel exceeds0.25
mrem/hrat the outsideof the shieldingwall.Recent tests indicatethat spentcleaningsolutionswill haveto
be replaced every5 to 6 cleaningcycles.

9
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The LWF mustbe engineeredto preventcleaningsolutionsand rinses/flushesfrom beingdischarged
intothe PPT or spentwash holdtanks(RPT andSPT)
Facilitiesand systemsare to beprovidedto meet thefollowingdesigncriteriaand recommendedcross-
flowfiltercleaningstrategy:

Cleanlno Solution Vessel Reaulrements--

OxalicAcid CleaninaTank (4wt% H2C2C)4)

Thistank mustat leastaccomodatethe equivalentcross-flowfilterand associatedpipingsystem
inventory(~250 gallon)plusthat additionalvolumewhichwill ensurethe oxalicacidrecirculation
pumpwillnot rundrywhen circulatingoxalicacidthroughthe filter at8 ft/sec.The largerthe
capacityof this tank the lessfrequentspentcleaningsolutionwillhave to be transferredto Tank
48. Materialof construction- 304L SS. Samplerrequired.

_austic Cleaning_Tank (4 wt% Nac)H)

The caustic will be used to flush the filter system. Material of construction - 304L SS. Sampler
required.

Spent FlushTank

This tank will be used to accumulate the cleaning _,olutioninventory in the cross-flow filter system
that is flushed following each cleaning solution recirculation cycle. Recommended minimum
capacity - 3000 gallons. Sampler required. Material of construction - 304-L SS.

Bloloalcal Shleldlna Reaulrement

The celldesignedto accomodatethe cleaning_ol_tionstoraget_,nksmusthavesufficient biological
shieldingto reducethe radiationlevel to 0.25 mr/hr basedon a cleaningsolutioninventoryof 6000
gallonscontaining6.0 Ci of Cs-137/L. A preliminaryassessmentofth_ biologicalshielding
requirementisdescribed inReference5. This reportwas transmittedtc)DWPF undertranmittalletter
WSRC-RP-92-902TL on July 17, 1992.

Cold Feed Service Reaul_gments

To OxalicAcidCleaqina"rank: 4 wt% oxalicacid
50 v_/o Nac)Ha

° Treatedwater

]'o Caustic Cleanir__Tank: 4 wt"/,,NaOH
Treated water

_o Spent FlushTank: 50 wt% NaOHa
Treated water

ToWash WaterTank 0.55M NaTPB, 0.10M NaOH solution

To Recycle Pump Tank 50 wt% Nac)Ha

To Sludae PumpTank 50 wt% NaC)Ha-

a- the 50 wt('/(,Nac)Hstoragetank will requirefi'eeze protection

lO
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Pumn Rea_

o The OxalicAcidCleaningTank'sreci__tationpumpmustbe capableof recirculatingoxalic
acid solutionthroughthe cross-flowfilterat 6 - 8 Wsecwith the permeatebeing returnedto
th: sourceof the cleaningsolution.The recircluationpumpinthe CausticCleaningTank
needonly be be capableof flushingthesystemat a lowrecirculationrate(0.5 to 1.0 ft/sec).
Eachtank must havea transferpumpto transferspentcleaningsolutionto Tank 48.

o The SpentFlushTank musthave the capabilityto transferspentflushsolutionsto Tank 48.

Cleanlno Seauence

Step 1 Fillcross-flowfilterwith water_Pulse10 times,eachpulsedurationI - 2 sec. Drainto
PPT.

Step 2 Repeat Step 1
Step 3 De-inventoryshellsideto PPT (viabackpulsingordraining)
Step 5 Recirculate4 wt% oxalic acid solutionfor e,0minutesat 6 - 8 ft/secwhile backpulsingfor

1.0 - 2.0 secondsevery 5 minutes
Step 6 Flushsystem with250 _allonofwater to the SpentFlushTank.Drainsystem(including

shellside) to Spent FlushTank
Step 7 Recirculate4 wt% sodiumhydroxidesolutionfor 60 minutesat 0.5 to 1.0 Wsec while

bac_._ulsingfor 1.0 - 2.0 seconds event 5 minutes
Step 8 Flushsystem with 250 gallonsof waterto the Spent FlushTank to SpentWash Tank.

PROCESS WATER TREATMENT
i

Processwater willbe used inthe preparationof cleaningsolutions,cross-flowfilterflushes,cross-flowfilter
layupand precipitateslurrywashwater. Duringthe cold runtestingof the ITP cross-flowfilter,the filter
pluggedwith processwater (wellwater). The pluggagehas been tentativelyattributedto the colloidal iron
and silicacontentof the processwater (wellwater).Treatmentbyfiltrationwiththe appropriatefilter
porositywill removethese colloidalparticles.However,the hydroxidecontentof the precipitateslurry
couldprecipitatesolublecationsinthe processwater suchas ironwhichcould subsequentlyplugthe
cross-flowfilter.Pretreatmentis required.Twoopt_ns are recommended forassessment:

ODtion1 - AirOxidation/Filtration

o AdjustpH of processwaterto 10 - 11
o Spargethe waterwithair

• ContactTime - 15 minutes
• Total air spargerequirement- 3 tankvolumes

o Filterthrougha 0.2 micronfilter

Ootion2 - Filtration/IonExchanae

- This optionuses a deionizer (mixedbed) to remove the solublecationsand anions.The process
water flowto the deionizermustbe filteredthrougha 0.2 micronfilter.The effluentfrom the deionizer
must be adjustedto a pH between 10 and 11 withNaOH.

=,= E_T.ILNDED OUTAGE

If the cross-flowfiltersystem isgoing to be downfor an extendedperiod(> 2 days), the filtercleaning
sequence is to be performed.

ii
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EMERGENCY SHUTDOWN

Ifduringthe latewash slurryconcentrationcycleorthe wash cycleservicesare lost(e.g. powerfailure),the
capability to drain the slurry fromthe cross-flowfilter tubesto the PPT and layup the filter tubes withwater
are required.

FLAMMABILITY CONTROL

Late Wash Facility.

The projectedbenzene emissionsfrom washedtetraphenylborateprecipitateinthe PPT rez` "_edin
DesignChange Form(DCF - 20676) beingapprovedfor appropriatemodificationsto addressme
flammabilitycontrolstrategyin boththe APP and theLow PointPumpPit. Duringwashingof the
precipitateinthe APP's PPT, benzenewillaccompanythe spentwashthat willbe accumulatedin the
RPT and the SPT. A similarflammabilitycontrolstrategy (MOC control)shouldbe implementedto
preventa flammableatmosphereoccurringinthe RPT and SPT vesselvent systems.

The vapor effluentsfromthe pumptankswillbe combinedwiththe air sweepof the pur_,"_,i:_itand
filteredbeforedischargeto the atmosphere.The v_ssel vent header is to be maintainuj ,are byair
dilution[i.e.the benzeneconcentrat;onis maintainedbelowthe LowerFlammabilityLimit(LFL) for
benzene inair - 1.3 vol%].The APP pumppit processvesselvent system is presentlydesignedto
maintainthe benzene concentrationbelow25% of the LFL assumingan instantaneousbenzene
emissionrate of 25 l._h. Eachbatch of precipitateprocessedin the LWFwillcontain about7 Ibsof
benzene whichwill be strippedto the atmosphere.In addition,some adc'l.ionalbenzene is expected
to be generatedduringoxalicacidcleaningof the filter,byradiolysisand bythermaldecomposit;onof
NaTPB. The presentAPP air dilutiondesignbasis shouldbe adequateto handlethe exxpected
benzene emissionsfrom the LWF.

The requiredalarms andinterlocksspecifiedinDCF-20676 shouldbe extendedto the APP's RPT
and SPT and adheredto upon implementationof the Late Wash Facility.

The APP is currentlyscoped to have an oxygenanalyzer to ri,:,nitorthe oxygencontentof the vapor
exitingthe PPT. Relianceon an oxygenanalyzercommonto ali threevessel vent flowsdoesn't
assurethe oxygencontentinthe vapor exitingeachtank is belowthe MOC. The capabilityto
determinethe oxygencontentinthe vapor space of each pumptank mustbe provided.One optionis
to provideon-lineoxygen monitoringof the vaporexitingeach pumptank.

Tank 22

The currentOSR requiresthe capabilityto respondto a ventilationoutagewithin7 days.The time that
the benzene concentrationinthe Tank 22 vaporspace wouldreachthe LFL inthe eventof a
ventilationoutageassumingthe spentwashfromthe Late Wash Facilityistransferredto Tank 22 has
been reassesed. _sed on the calculatlonalbases itemizedbelow, itwilltake 240 daysto reachthe
LFL for benzene i_iair {1.3 voP/o).

CalculationalB_iP,,_(LateWash - averagecase)

o Temperature of Tank 22 Contents - 55°C
o Sodium Ion Concentration - 2.2M
o Volume in Tank 22 - 455,000 gallons
o Cs-137 Concentration - 0.004 Ci/L
o Benzene Concentration in Stripper Bottoms - 1 mg/L

Even in an extreme case (see calculational bases below), the time to reach the LFL in event of a
= ventilation outage is 14 days. This is still longer than the time allowed in the current OSR.

Consequently, there are no changes required to the ITP OSR or the ITP Process Requirements.

12
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Calculational Bases (extreme case)

o Temperature of Tank 22 Contentso 70°C
o SodiumIon Concentration- 2.2 M
o Volumein Tank 22 - 1,000,000 gallons
o Cs-137 Concentration- 0.16 Ci/L (Tank22 limit)
o Benzene Concentrationin StripperBottoms- 5 mg/L

The time to reachthe LFL in theTank 22 vaporspace is mostsensitiveto the temp¢_ratureof the tank
contentsand the volume.The Cs-137 concentrationand ITP benzene stripperefficiencyhavevery
littleeffect.

PERMITTING REQUIREMENTS

The pumppitsare currentlyincludedin the DWPF permitted_=_!,_sions.This permitassumesthat
essentiallyaliof the benzene insolutioninthe precipitateslurrytransferredfromTank 49 is releasedfrom
one orthe otherof the pumppits (the APP or the Low PointPumpPit). With Late Washing,essentiallyali
the benzene in the precipitateslurrywill be spargedto the atmosphere.Some additionalbenzenewillbe
generateddue to oxalicacidcleaningof the cross-flowfilter,by radiolysisandthermaldecompositionof
the NaTPB. The totalprojectedemissionsfromthe pumppits inthe DWPF permitshouldnotchange
significantly.

Eliminationforthe need forthe reductant(HAN) duringprecipitatehydrolysisinthe SPC willchangethe
flammabilitycontrolstrategyduringprecipitatehydrolysis.Lessinertflowwillbe requiredand
consequentlybenzene emissionsfrom the SPC to the atmosphereare projectedto be reducedfrom
about 30 tons/yrto about 18 tons/yr(dependingon the amountof NOx generatedduring precipitate
hydrolysis- data notyet acquired).

Theseprocesschanges willrequireminormodificationsto the DWPF airpermit and possiblyto the DWPF
waste water permit (due to changes inthe SPC operation).

The radionuclide(and NaTPB) contentof thespentwashtransferredto Tank 22 from the Late Wash
Facilitywill increasebenzeneemissionsfromTank 22. The ITP airqualitypermitandwastewaterpermit
wouldlikelyrequire somemodification.

TANK 22 SPENT WASH ACCEPTANCE LIMITS [6]

o Free Hydroxide > 1.0M
o Benzene <5ppm
o Radionuclide < 0.61 Ci/gal
o Temperature -_70°C

SAMPLE AND ANALYTICAL SCHEDULE

(these data willbe availablefrom Tank 49 samplingresults) Tyoical Concentration

Nitrite (aqueousfraction) ppm 6,000 - 6450
Total InsolubleSolids wt% 9.0 - 9.2
KTPB wt% 7.8
CsTPB wt% 0.12
NH4TPB wt% 0.45
Hg(C6H5)2 wt% 0.18
Cesium (soluble) ppm 50
Potassium(soluble) ppm 1300
Ammonium(soluble) ppm 300

• Soluble Benzene ppm 300 - 350
pH 10- 11

13
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preclDltate Slurry_ - Post Concentratlon

Nitrite(aqueousfraction) ppm 5000 - 6000
Total InsolubleSolids wt% 9.5 - 10.5

Note: These are not processcontrolanalysesinthe sense ;.hatthe subsequentprocessingstep
(washing)mustwait untilthe analyticalresultsare available.The resultswillbe used to
validatethe previouslydeterminedwashwater requirementand ifnecessary,appropriately
adjustthe wash water requirementbefore the endof the wash cycle.

Wiit_hed Precipitate Slurry* (at end of wash cycle in PPT)

Nitrite (aqueousfraction) ppm < 460

SBent Wash (post benzene stripping- post inhibitoradjustment)

Total radionuclideconcentration Ci/gal 0.006 - 0.61
Benzene ppm 1.0 - 5.0
Free Hydroxide M 1.0 - 1.3

Wi_sh Water

NaTPB Na+ ppm 92 - 104
TPB- M 0.004
pH 10- 11

Cold Feeds

NaTPB
Na+ M 11,500 - 12,650
TPB- M 0.50 - 0.55
OH- lUl 0.008 - 0.012
Cu++ ppm 0.01 - 0.1

H2C204 wt% 4.0

NaOH wt% 4.0

Spent Oxalic Acid Cleanln0 Solution

H+ TotalH+ Equiv s.0.88

SDent Caustic Cleanin0 Solution

Hydroxide TotalBase Equiv 0.25 - 1.0

Flush Tank Solution

Hydroxide OH-
Acidity H+
Oxalate C204=

14
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CORROSION

Cyclicpotentiodynamicpolarizationscanswere performedon Type 304L stainlesssteelspecimens
immersedinan irradiatedsimulantof the spentwash(filtrate)solutionto beproducedinthe proposed
Late Wash Facility.Testswere runattemperaturesof 50, 80 and 90°C. The resultsindicatethat304L
stainlesssteel is immuneto localizedcorrosioninthisapplication.The polarizationscansshowedthatthe
passivefilmremainedintact,andthe post-scanmicroscopicexaminationof the specimensshowedno
pitting [7].

MONITORING/DATA ACQUISITION REQUIREMENTS

Vessels

PreciDi_atePumpTank

o Temperature
o Level
o FoamLevel

Note" A pneumaticbubblerterminatinginvaporspace abovethe maximumprojectedliquid
level has proveneffective indetectingfoaminginthe PrecipitateReactorlocatedinthe
1/5-scale PrecipitateHydrolysisExperimentalFacility(PHEF)

o SpecificGravit,/
o Agitator Speed
o N2 Purge Rate
o Vapor Space Pressure

=

BecyclePumpTank

o Temperature
o Level

,_ o Foam Level
o SpecificGravity
o Agitator Speed
0 Sampler
o N2 PurgeRate
o N2 Sparge Rate
o Wash RecirculationRateto SprayNozzles

, o Vapor Space Pressure

,_ludae PumpTank

o Temperature
0 Level
o Foam Level

_. o SpecificGravity
0 Agitator Speed
0 Sampler
o N2 PurgeRate
o N2 Sparge Rate
o Wash RecirculationRate to SprayNozzles

: o Vapor Space Pressure

SurfactantTank

o Level
o SpecificGravity

15
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Cross-FlowFilterCleaningSolutionTanks

o Level
o SpecificGravity
o AgitatorSpeed
o Temperature
o RadiationatCell Wall Exterior

BackDulseTank

o Level
o Japor Space Pressure

Wash WaterStora_

o Level

o Level
o SpecificGravity

E

NaTPB Solution

o Level
o SpecificGravity

Processln(] ODeratlons

Concentration/WashCycles

o SlurryFlowto Cross-FlowFilter(calculatedlinearvelocitydisplay)
o Temperatureof SlurryEnteringCross-FlowFilter
o Transmeml:_anePressure
o Cross-Flow_'ilterPermeateRate
o Wash Water AdditionRate (thisflow shouldbe levelcontrolledbythe level inthe PPT)
o FlowDifferentialBetweenWash WaterRate and PermeateRate
o BackpulseN2 Pressure
o BackpulseFrequency
o BackpulseDuration
o Cs-137 ConcentrationinCross-FlowFilter PermeateFlow
o Nitrite Concentrationin Cross-FlowFilter PermeateFlow
o Ap AcrossSlurryInlet/Outletof Cross-FlowFilterTubes
o PPT Agitator Speed

Benzene.Removalfrom SpentWash

o NitrogenSparge Rate
o Spent Wash RecirculationRateto Spray Nozzles
o Inlet pressuretoSpray Nozzles

l=lammability Control

• Nitrogen Flowto VesselVapor Space of PPT, RPT and SPT
• OxygenConcentrationinVapor ExitingPPT. RPT and SPT
• Benzene Concentrationin ProcessVessel Vent Header
• Pressurein NaTPB StorageTank Vapor Space

16
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INTERLOCK REQUIREMENTS

Inadditionto normalprocesscontrolinterlockresponses(e.g. stoppingtransfersintoa tank at a HIGH-
HIGH liquidlevel,flammabilitycontrol,etc.),the followingspecialinterlockandalarmactionsare required:

o Uponlossof agitationinthe PPT duringthewashcycle, flowofwashwater intothe PPT mustbe
stoppedand the PPT recirculationpumpmustbe shutdown.

o The nitrogenspargeto the RPT and the SPT and agitationshouldbe stoppedupon detectionof
foam.

o LOW recirculationflow (<I0 _3Pm)tothe RPT and SPT spraynozzlesto be alarmed
o LOW slurryflowto thecross-flowfilter(<4ft/soc)to be alarmed
o LOW-LOW slurryflowto the cross-flowfilter (< 3 ft/sec)to shutdownPPT recirculationpumpand

alitransfersintothe PPT
o HIGH slurryflowto thecross-flowfilter(>8 ft/sec)to be alarmed.
o LOW transmembranepressure(<10 psig)to be alarmed.
o HIGH transmembranepressure (25 psig) to be alarmed.
o HIGH-HiGH transmembrane pressure (>40 psig) to shutdown PPT recirculation pump and ali

transfers into the PPT.
o Flow differential (>0.5 gpm) between wash water flow to the PPT and the permeate flow to be

alarmed.
o HIGH pressuredrop(>5.0 psig)acrossthe cross-flowfiltertubesto be alarmed.
o If processheat exchangersare usedto controlthe temperatureof the slurryenteringthe cross-

flowfilter,pressuredropbetween the shellsideandthe processside mustbe maintainedgreater
than 15 psig.If the differenti31fallsbelow 15 psig,an alarm shouldbe activated.

SPECIAL ON-LINE MONITORING

Iftechnicallyfeasible,the followingon-linemonitoringsystemsare recommended:

o Systemto monitorthe nitriteconcentrationincross-flowfilterpermeateflow.
o Systemto measurethe gammaactivity(calibratedin Cs-137 equivalents)inspentwashwater flow

to the RPT andthe SPT.
o System to monitorthe benzene concentrationinthespentwashwater beingcirculatedto the

spraynozzlesinthe RPT and SPT.
o Ifprocessheat exchangersare employed,systemto monitorthe gammaactivityinthe

recirculationcoolingwater.

SERVICES

o Nitroger, RPT, SPT and PPT Vapor Space (flammabilitycontrol))
o Nitrogento RPl"and SPT Spargers
o Nitrogento NaTPB StorageTank (flammabilitycontrol)
o NaTPBto PPT
o NaTPBto WashWaterTank
o Surfactantto PPT
o 125 psigNitrogento Cross-FlowFilter Permeate BackpulseTank
o Wash Water to PPT (insolublesolidsparticlesize <0.2 micron)
o 4.0 wt°/=Oxalic Acid to OxalicAcidCleaningTank
o 4.0 wt% NaOH to CausticCleaningTank
o FlushWater to Cross-FlowFilter
o N2 flowto PPT, RPT and SPT LiquidLevel PneumaticBubblerTubes
o NitrogenFlowto PPT, RPT andSPT FoamDetectors(ifthis type of foamdetectionis employed)
o FlushWater to Foam Detectors
o 50 wt% NaOH to OxalicAcidCleaningTank
o 50 wt% NaOH to Spent FlushTank
o 50 wt% NaOH to SPT and RPT

17
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FIGURE 4
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C6H6 SPARGING & SPRAYING OF RPTISPT NO SURFYNOL WITH NaOH
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• CONDITIONS

Initial C6H6 Concentration - O.O04M

Spent Wash Generation Rate-9.2 gpm
No surfactant

Temperature - 50°C

Sparge Rate - 1.24 scfm/ft2
Bubble Size - 2 mm

Spray Droplet Size - 0.25 mm

Spent Wash Spray Rate - 20 gpm

Maximum Flight Time of a Spray Droplet - 1 sec
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TABLE I

BATCH SIZES FOR LATE WASH FACILYi'Y
(gallons)

Stream No_a Stream Descriotlon Reference Balance Maximum Batch Sizes

1 SlurryfromTank 49 3,096 b 3,091c

2 NaTPB _.__5 335

4 WashWater 8,269 8,749

5 Spei_tWash 8,478 8,953

6 50 wt% NaOH 558 585

7 InhibitedWashto Tank 22 8,937 9,432

8 Washed Slurryto DWPF 3,429 3,438

9 AtmosphericBenzene Emissions ~7d ~7d

a see Figure 1
b NO2- = 0.134 M
c - NO2- = 0.154 M
d - Ibs/cycle

19
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TABLE II

AVERAGE PERMEATE RATE - 40 HOUR,. FILTRATION (GPM/FI"2)a

Linear yelocltV (ftlsec_

Inlet 2.0 4.0 6.0 8.0
Pressure. osla

Fresh Slurry, 100 ppm Surfynol

45 0.161
40 0.167 0.180
30 0.113 0.139 0.099
20 0.088 0.094
15 0.080

Averageof AliData 0. | 2 7

3-Month 12"radiatedSlurry

45 0.144
- 40 0.177 0.133
; 30 0.090 0.107 0.101

20 0.080 0.08
15 0.078

Averageof Ali Data 0.1 0 3
==

" 2-Year Irradiated Slurry

45 0.061
40 0.117 0.133
30 0.039 0.049 0.057
20 0.029 0.040

: 15 0.028

- Averageof Ali Data O. 0 4 8

2-Year Irradiated Slurry, Reprecipltated, 500 ppm Surfynol-

45 0.107
40 0.085 0.114
30 0.070 0.092 0.127
20 0.073 0.097
15 0.079

Averageof AliData 0.0 9 4
-

a - from Reference4
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APPENDIX A

LATE WASH FACILITY MATERIAL BAI_ANCE

Calculational Bases

In-Tank Precipitation

o Tank 48 slurrytemperature- 60°C
o Followingthe final ITP precipitationand concentrationsteps,the aqueousfractionofthe

slurryinTank 48 iswashedto lessthan 0.20M nitratewhilemaintainingat least1.20Mfree
hydroxideby adding50 wt% NaOH

o Washingis continued,inhibitingwith40 wt% NANO2untilthe followingcriterionis met:

[NO3"]+ [NO2-] : 0.30M

o The target inhibitorconcentrationis set at 1.5timesthat determinedby the following
algorithm:

log[NO2-)= -0.984 + 0.0319T + 1.79log[NO3"]+ 0.472(log[NO3"])2

T= slurrytemp,°C [2]
[NO2"],[NO3"]= M

o Washing iscontinueduntilthe followingcriterionis met:

[NO3"]+ [NO2-]: 0.30M

Tank 49 Storaae

o Precipitateis storedtor 2 yearswith a Cs-137 concentrationof 36 Ci/gal
o Cs/NH4/K solidsgo intosolutionat a rateof 6.5°/°per year.
o Rate of consumptionof hydroxide- 0.01M per month
o Rate of radiolyticconversionof nitrateto nitrite- 0.15M per year until the fil_31equilibrium

[NO3"]concentrationof 0.002M is reached
o Rate of radiolyticdestructionof nitrite- 0.075M per year

Lat_ Washir__

o 240 gallonsof cross-flowfilter"layup"water is drainedintothe PPT before reprecipitation
o Operatingheel inPPT - 650 gallon

. o NaTPB additionis based on the stoichiornetricamount requiredto precipitatesolubleK+,
NH4+ and Cs+ plusan excessto adjustthe TPB"concentrationinthe aqueousfractionto
0.004M or greater.

o The insolublesolidsare concentratedto 10 wt% before initiatingwashing
o Wash watercontains0.004M NaTPB
o Washing endpoint- 0.01M nitrite(aqueousfraction)
o Benzene content of spentwash is stripped intothe vesselvent systemuntilthe residual

benzene contentis <5 ppm. The benzene contentin aqueousfraction of slurrybatch from
Tank 49 is projectedto be 0.004M [3]

o Hydroxidecontentof spentwash is adjustedto 1.2M beforetransferto Tank 22
o Instantaneousslurryflow to DWPF = 1.33 gpm basedon 10 wt% insolublesolidscontent

Additionalcalculationalbases are found in WSRC-TR-92-211.
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APPENDIX B

BATCHING ALGORITHMS

.G.EBEB/U.

The following algorithms enable determination of ali batch additions during a typical Late Wash Cycle
basedon the analyticalresultsof the last sampleofthe washedtetraphenylborateprecipitatein Tank 49. A
keyassumptionisthat no additionsare madeto Tank 49 withouta samplebeingobtainedfor analysis
followingthe addition,lt is recommendedthat a sampleof the PPT contentsbe taken afterthe
concentrationcycle and analyzedfor nitriteconcentrationinthe aqueousfractionof the slurryand the total
insolblesolidscontent.Althoughthe washingcycle shouldbe initiatedbasedthe calculatedwash water
requirement(usingthe appropriatealgorithm),the lengthof the wash cycleallowsthe washwater
requirementrobeconfirmedupon receiptof the analyticalresultsand if necessary,the requiredwash
water volumemay be adjustedbeforethe end of thewash cycle.

DEFINITIONS

time elapsedsinceTank 49 analysis,days.
SpGx specificgravityat time/locationx (dimensionless)
Lx levelinPrecipitatePumpTank attimex, gal.
Mx massin PrecipitatePumpTank at timex, Ibs.
[K+]x solublepotassiumconcentrationin aqueousfractionat time/locationx, ppm
[NH4+]x solubleammoniumconcentrationin aqueousfractionat

time/locationx, ppm

[Cs+]x solublecesiumconcentrationis aqueousfractionat
time/locationx, ppm

[NO2"]x solublenitriteconcentrationin aqueousfractionat
time/Iocationx, ppm

[TPB']x tetraphenylborateconcentrationin precipitateat time/locationx, wt%
[TIS]x totalinsolublesolidsconcentrationat time/locationx, wt%

[TPB'cf] tetraphenylborateconcentrationin coldfeed NaTPB solution,wt%
SpGTPB'cf specificgravity incold feed NaTPB solution(dimensionless)
FINV cross-flow filter layup water inventor, gal.
[OHcf] hydroxide concentration in cold feed caustic tank, M.
MSx mass of insoluble solids in PPT at time/location x, Ibs.
MAx mass of aqueous fraction in PPT at time/location x, Ibs.
MNx mass of nitrite in PPT at time/location x, Ibs.
MTPBS mass of cold feed sodium tetraphenylborate solution

added to the PPT during reprecipitation, Ibs.
Mww mass of wash water, Ibs.
Vww volume of wash water, gal.
LVL level in tank (other than PPT), gal.
HEEL residual level in tank before a cycle begins, gal. (normally leftover material from the

previous batch)

Time/Location Designators:

1 heel present in the PPT prior to the transfer from Tank 49.
2 contents in PPT after transfer from Tank 49.
3 contents in PPT after Cold Feed NaTPB solution added

(i.e. post reprecipitation)

22



lp

WESTINGHOUSE SAVANNAH RIVER COMPANY WSRC-RP°92-793 (Rev 1)
• SAVANNAH RIVER TECHNOLOGY CENTER

4 contentsin PPT after reconcentrationto targetof 10 wt% total insolublesolids.
5 contentsin PPT post-washing
49 contentsin Tank 49 sample
ww wash water
SPT Sludge Pump Tank
RPT Recycle Pump Tank
PPT Precipitate Pump Tank

ConversionFactors

8.345 from g/cm3 to Ib/gal
3.785 from liters to gallons
319.2 formula weight of tetraphenylborate anion, g/g-mol
18 formula weight of ammonium ion, g/g-mol
39.09 formula weight of potassium ion, g/g-mol
133 formula weight of (average) cesium ion, g/g-tool
337.2 formula weight of ammonium tetraphenylborate, g/g-mol
358.3 formula weight of potassium tetraphenylborate, g/g-tool
452.1 formula weight of cesium tetraphenylborate, g/g-mol
1.0xE-06 from ppm by weight to weight fraction

_,bbreviations
ppm parts per million by weight
PPT Precipitate Pump Tank
SPT Sludge Pump Tank
RPT Recycle Pump Tank
cf cold feed

ALGORITHM

ReoreclDitatlon Calculations

The net additionof coldfeed sodiumtetraphenylboratesolutionfor reprecipitationis MTPBS where

MTPBS = MTPBS1 + MTPBS2

MTPBS1 = {(L2SpG2 -LISpG1)/[TPB'cf] } * [0.0015_t[TPB']49 + (1-0.01[TIS]49) *{6.814E-03[K+]49 +
2.00E-03[Cs+]49+ 1.48E-02[NH4+]49}]

MTPBS2 = {L2-L1+FINV+0.1198*MTPBS1/SpGTPB'cf}/ {0.9386*[TPB'cf] - 0.1198/SpGTPB'cf}

These equationsare derived as follows:

Calculatemass in PPT priorto transferfromTank 49:
M1 = LI SpG1(8.345)

Calculatemass in PPT aftertransferfromTank 49:
M2 = L2SpG2(8.345)

Net masstransferredfromTank49 to PPT :
M2- Ml--- 8.345 (L2SpG2 - LISpG1)

Calculate the mass of aqueous fraction transferred into the PPT from Tank 49:
- MA49 = (M2 oM1)(1 - 0.01"[TIS]49) = 8.345(L23pG2-L1SpG1)(1-0.01*[TIS]49)
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To calculateMTPBS1, the amountof cold feed sodiumtetraphenylboratesolutionto addfor

re-precipitation,sum two terms, oneto precipitatesolubleCs+, K+, NH4+ and oneto replace tetraphenylborate
lostby radiolysis(based on the elapsedtime periodsincethe Tank 49 analysis). Then calculateMTPBS2 to
adjustthe aqueousfraction to _>0.004 M tetraphenylborate.

To reprecipitatethe solubleCs+, K+, NH4+:

8.345(L2SpG2-L1SpG1)(1-0.01*[TIS]49) (1.0E-06){[K+]49/39.09 + [Cs+]49/133 + [NH4+]49/18 }

* {(319.2) (100)/[TPB'cf]}

Massof NaTPB solutionto replaceTPB- lostvia radiolysis:

6.5O/o/yr (At,days){(M2-M1)[TPB']49/100}(100/[TPB'cf])
(100) (365 days/yr)

= 0.0015 (_t)(L2SpG2 - L1SpG1)*[TPB']49/[TPB'cf]

MTPBS1 = {(L2SpG2-L1SpG1)/[TPB'cf] } * [0.0015_t[TPB']49 + (1-0.01[TIS]49) *{6.814E-03[K+]49 +
2.00E-03[Cs+]49 + 1.48E-02[NH4+]49}]

Mass of NaTPB solutionto obtainexcessTPB" at > 0.004 M TPB" priortowashingiscalculatedby
rearrangementof the followingequation:

0.004 M = {MTPBS2 (0.01[TPB-cf])(453.59)/319.2} / {(L2-Ll+FINV+MTPBS1/8.345/SpGTPB'cf +
MTPBS2/8.345/SpGTPB'cf)*3.785}

The net additionof cold feed sodiumtetraphenylborate solutionfor reprecipitationis then

MTPBS = MTPBS1 + MTPBS2

Note that M3 = 8.345 L2SpG2 + MTPBS = 8.345 L3SpG3 can be used to cross-checkthe additionoperation.

M3 = (8.345) L3SpG3 shouldbe usedto calculatenet mass inthe PPT after reprecipitation.

Calculations for the Reconcentration Step

The slurryshouldbe concentrateduntilthe productof the leveland specficgravityindicatorssatisfythe relationship
shownbelow:

L4SpG4 = (0.1)L1SpG1 [TIS]I +(0.1) (L2SpG2 - L1SpG1)[TIS]49 -FINV*SpG4+ (L2SpG2 - L1SpG1)*
(1 - 0.01[TIS]49)*[9.166E - 05[K+]49 + 3.40E - 05 [Cs+]49 + 1.87E- 04[NH4+]49]

This equationisderived as follows:

Mass of InsolubleSolidsin PPT after reprecipitation:

This quantitycan be calculatedfromthe sumof three solids:

1) The massof insolublesolidsinthe PPT beforethe Tank 49 transfer,MS1.
2) The massof solidstransferredinfromTank 49, MS49.
3) The mass of insolublesolidsgeneratedby reprecipitatingthe soluble

cesium, potassium,and ammonium,MSgen.
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MS3 = MS1 + MS49 + MSgen

where MS1 = LI SpG1(8.345) (0.01)[TIS]I

MS49 -'- (L2SpG 2 - LISpG1)(8.345)(0.01)[TIS]49

MSgen = 8.345(L2SpG2.L1SpG1)(1-0.01*[TIS]49) (1.0E-06)*{[K+]49 *358.3/39.09
+ [Cs+]49 "452.1/133 + [NH4+]49 * 337.2/18}

Note that [TIS]I should normally be the target (10 wt%) insoluble solids concentration from the previous late wash
cycle.

During reconcentration the layup water inventory in the filter will be returned to the tank. The total mass of fluid in th_
system is hence M3 + FINV*8.345 and this value should be used for the total mass to calculate the total insoluble
solids concentration (wt%) prior to reconcentration:

[TIS]3 -- 100" MS3/(M3 + FINV*8.345)

The target solids is [TIS]4, assumed to be10 wt%. Ali of the solids present after reprecipitation are assumed (obe
retained in the PPT and the filter, but the mass of aqueous fraction will change. The total mass of fluid in the system
at the start of the reconcentration will be M4 + FINV*8.345*SpG4 and this value should be included in the total mass
to calculate the endpoint for econcentration:

0.1 = MS3/(M4+FINV*8.345*SpG4) = MS3/{8.345*SpG4 (L4+FINV)} or 8.345SPG4 (L4+FINV)-- 10 MS3

Substituting the terms for MS3 derived previously,

L4SpG4 - 1.198[(L1SpG1 (8.345)(0.01) [TIS]I) + ((L2SpG2 - LlSpG1) (8.345) (0.01)[TIS]49 )

+ 8.345(L2SpG2- L1SpG1)(1 - 0.01[TIS]49)(1.0E-06) {[K+]49 "358.3/39.09 + [Cs+]49"452.1/133 +
[NH4+]49 "337.2/18}]- (FINV*SpG4)

Simplifying terms,

L4SpG4 ---(0.1)L1SpG1 [TIS]I + (0.1) (L2SpG2 - L1SpG1)[TIS]49 -FINV*SpG4+ (L2SpG2 - LlSpG1)*
(1 - 0.01[TIS]49)*[9.166E - 05[K+]49 + 3.40E - 05 [Cs+]49 + 1.87E - 04[NH4+]49]

W_hlna Cycle

Calculatethe initialnitriteconcentration:

Mass of nitriteinPPT priorto transferfromTank 49 (inIbs):

MNI = 8.345 (LISpGI)(I - 0.01['I"IS]I) (I.0E-06)[NO2"]1

Mass of nitdtetransferredintoPPT fromTank 49, Ibs:

MN49 = 8.345 (L2SpG2 - LISpG1)(1 - 0.01[TIS]49) (1.0E-06)[NO2"]49

Mass of supernate after reprecipitation, Ibs:
MA3 --8.345 ((FINV + L3SpG3)(1 -0.01 [TIS]3))

Nitrite concentration after reprecipitation, (identical to the initial nitrite concentration for the washing step, is
calculated as follows'

Ci = 1.0E+06*(MN1 + MN49 I/MA3 or
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Ci = 1.0E+06"{[8.345 (L1SpG1)(1 - 0.01['11S]1)(1.0E-06)[NO2"]l+8.345 (L2SpG2 - L1SpG1)*
(1 -0.01[TIS]49)*(1.0E-06)[NO2"]49]/ [8.345 (FINV + L3SpG3(1 -0.01[TIS]3)}

Simplifyingterms,

Ci = {L1SpGI(1 - 0.01[TIS]I) [NO2"]1+(L2SpG2 - L1SpG1)(1 - 0.01[TIS]49)[NO2"]49]}/{FINV + L3SpG3 *
(1 - 0.01 [TIS]3)]}

Cf - 0.01M, or converting to ppm:
Cf = .01g-mole/liter * 46g/g-mole * [1 liter/(1000 * SpG5)] * 1.0E+06 - 460/SPG5 ppm.

Note: The value of SpG5 from the previous batch may be used to estimate the new final specific gravity.

Calculate mass of aqueous fraction after reconcentration step:
MA4 - 8.345 L4SpG4 (1 - 0.01[TIS]4)

Mass of wash to add = (Mww) = MA4*In(Ci/Cf)thus

Mww = 8.345 L4SpG4(1 - 0.01[TIS]4)*In (Ci/Cf)

Where Ci and Cf a_¢as shown previously.

Volume of wash w_ter = Vww
Vww = Mww/{8.345 (SpGww)}

_._iculations for the Spent Wash Water Inhibitor Adiustment to > 1.0 M OH"

Target =1.2M OH

Materia;is 50 wt% NaOH aqueoussolution,forwhichthe analysisis inM.

RPTLVL, SPTLVL representthe spentwash waterlevels inthe RPT andSPT, respectively.

Calculate volumein liters: 3.785*RPTLVL or 3.785*SPTLVL

Assumethat y gallonsof the causticsolutionare addedto the SPT. Then, accountingfor the heel (whichshould
already be adjusted to > 1.0 M hydroxide) the volumeto adjust in liters is given by

V - 3.785*(y+SPTLVL-SPTHEEL).

The caustic added (g-moles) is 3.785*y*[OH'cf]. Then to achieve 1.2 M OH- we desire that

3.785*y*[OH-cf]/{3.785*(y+SPTLVL-SPTHEEL)} - 1.2 or, solving for y,

. y = 1.2*(SPTLVL-SPTHEEL) / {[OH'cf] - 1.2} or

y = (SPTLVL-SPTHEEL)/{([OH'cf]/1.2) - 1.2}

° The adjustmentof the RPT is analogous.

,,_jrf_ctant Addition
(postconcentrationstep)

- Mass in PPT = 8.345 SpG4L4

Mass Active ingredient to achieve 500 ppm - (500)(1.0E-06) 8.345 [SpG4L4 + FINV]
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Mass SurfactantSolution= 100 Ibsolutioll.... * (500)(1.0E-06) (8.345) [SpG4L4 + FINV]
50 Ibactiveingredient

= (8.345E-03) [L4SpG4 + FINV]

Note: If the surfactant is to be added after the reprecipitation step, the equation becomes

(8.345E-03) [L3SpG3 + FINV]

NaTPB Adjustment of Wash Water

Target is 0.004 M TPB-

Add the followingvolumetricratioof gallonsof coldfeed tetraphenylboratesolutionper gallonof washwaterto
achieve 0.004 M TPB-:

1.0 / {7.833 *[TPB'cf]SpGTPBcf - 1.0} or {7.833*[TPB'cf]SpGTPB'cf- 1.0}-1

27






