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1.0 BACKGROUND

J
A study is currentlyunderwayto determine if the EffluentTreatmentFacility(ETF)can
be downgradedfrom a HazardCategory3 facility to a RadiologicalFacilityper DOE .. .
STD-1027-92(Ret I). Fromthe DOEreviewof Revision 0 of the HazardBaseline
DowngradeEffluentTreatmentFacility (Ref. 2), one commentremainsunresolved. The
DOEhas requestedthat abetter basis be provided to determinethe size of process
columnradionuclideinventoryincreases in the ETF overtime. This technicalreport
providesa methodologyto determineand monitor increasesin the radionuclide
inventoriesof the ETFprocesscolumns. It also provides guidelinesto ensurethat other
potentiaIincreasesto the ET)?radionuclideinventoryare evaluatedas requiredto ensure
that the ETFremainsa RadiologicalFacility. “

2.0 DISCUSSION

The HazardBaselineDowngrade,Rev. 1,wiii redefine the fwility Segments. TheF-Area
Cooling WaterBasins, the H-AreaCooling Water Basins, and eachof the retentionbasins
are definedas separatesegments. Segments 5 and 6 will be definedas describedbelow.

Segment5 includesthe LiRStations,Force Ma@ the WastewaterCollectionTanks,and
a chemicalstoragearea The Mercwy Removal and CarbonAbsorptionColumnsfor the
OrganicRemovalSystemare locatednear the WastewaterCollectionTanks.Segment6
includesthe TreatmentBuiIding,Control Building,OutsideTan@~d the ~PA filters.
Cation Columnsand MercuryRemoval Cohunns are locatedin the TreatmentBuilding.
The two sets of mercuryremovalcolumns, the carbon columns,and the cationcolumns
comprisethe processcoknns for this Mlity.

WestinghouseSti* ManagementSolutionspersonnelworkedwithrepresentativesof
Solid WasteRegulatoryPmgmmsand SoIid WasteEngineeringto determinean
appropriatemethodof determh@ potential increases in the radionuclideinventoryheld
in the columns.The methoddevelopedis required to ensure that increasesin column
inventorydo not mise the inventoryof any segment abovethe Category3 thresholdlimit
values from Reference1. Inmases of inventory to the basins and liom temporary
sourceshave also been considered

3.0 RESULTS

A baselinevaluemust be determinedfor the Cohirnnsin Segments5 and6. The
radionupfideinventoryof the incomingWaste Water and exitingWasteConcentratewill .
be conservativelydeterminedfor gross alpha and gross beta-gamma If separatesamples
results are availablefor Cesium 137,sepamte calculationsmaybe made for this ~
radionuclide. To take this optiomCesium 137sampleresult must be avaikdie for both
Waste Waterand the WasteConcentrate.

1
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Before the contents of a wastewater cohection tankare processe~ it is agitatedand
sampled. The sample results for gross alpha and grossbeta-gammaate givenwith an
‘errorband. Sampleresultsare provided in dhninhl. The value that is used in the
calculationswill be the maximumvalue in the emorband. Theproductof this value and
the volumeof water to be processedwill be used to find themaxim~ value for the .. .
inventoryto be processecLThe volume of the water in the WasteWatercollectiontank
wilI be given in gaIIons. Refmnces 3 and 4 suppliedconversionfwtors.

AW = dhninhl of alpharadiationin Waste Water
BGW = dhninhi of beta gammaradiation in WasteWater
Cs137W= dhinhnl of Cesium 137in Waste Water(optionalcalculation)
Vw’w= volume of Waste Waterin gallons
I = incominginventoryin curies

I (alpha)= AW dhnirdml * VW gal * 3785 rnlfgal● Ci/3.71E10d/s*d/s/60dfrnin ,

I (Ma/gamma)= BGW dhinhni * VW gal * 3785nWgal* Ci/3.71E10d/s*d/s/60d/min

I (CS137)= CS137Wdhi.dml * VW gal * 3785rnltgal* CiJ3.71E10dIs●dtM50dkin

The waste concentrateis akmsarnpied Againthe values for gross alpha andgross beta-
gamrnawiilbetakem ~e-uvdwti~tic-rkd~ k~!a~dtie .
product of this vaIueand the volumeof waste concentratewill determinetic minimum
radionuclideinventmythat leavesthe ETF. Comervatively,the inventoryof the Treated
WaterTanks is not considered. However,the non-tritiumradionuckle inventoryof the
Treated WaterTanks is low and will not significantlyIowerthe calculatedholdup in the
faility (Ref$ .

Awc= dhinhnl of alpha radiation in Waste Concentrate
BGWC= dhnidml of beta gammaradiation in WasteConcentrate
CS137WC=d/rein/mlof Cesium 137in Waste Concentrate(optionalcalculation)
v Wc= volume of Waste Concentratein gallons

E = Waste.Concentrateexiting inventoryin curies.

E (a.lphi$= Am dhnirdrni● VW gal ● 3785 ml/gal ● Cif3.71E10d/s*d/s/60d/rnin *

E (Ma/gamma)= BGWdhinhnl * Vwcgal * 3785ml/g,d ● Ci/3.71E10d/s*d/d60dhnin

“ E (CS137)= CS137WCdlmin * Vwcgal * 3785nWgal● Ci/3.71E10d/s●d/s/60dhnin ~

The differencebetweenthe incomingradionuclideinventoryand the radionuclide
inventoryexitingthe fkcilityin the waste concentmtewill typicallyprovidethe maximum~
availableinventoryfor hold upon the ETFprocesscolumnsand elsewherein the faciiity.
OccasionaIiyadditionalinventoryis addedto the processdowstream of the Waste Water

,
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CollectionTanks. Typicallythis materiai is deliveredin tank trucks. TM material is
also consideredin determiningmaxj,rnumavailableinventoryfor holdup. ~

D = total inventorypotentiallyavailablefor holdup(for triti~ D=O)
AR= dhnidml of alp@ &diationaddedto processdownstreamof WWCT
BGm= dhninhd of beta gamma radiationaddedto processdo~~~-of lJ/WCT ““‘“
Cs137n= dhinhnl of Cesium 137added to processdownstreamof WWCT

D (dpk) = 1(alpha)+ Am- E (dpki)

D (beta/gamma)= I (beta/gamma)+BGm-E (beta/gamma)

D (CS137)=1 (CS137)+ Cs137m - E (CS137) .

Grossalpha and grossbeta gammawill be used in the calculation Triti~ inventorywill
be neglectedfor holdup. Tritium inventoryis assumedto be constant in the faciIity. It is
not removedby processesin the ETF (Ref Q.

Tworunningtotals must be maintainedfor the radionuclideinventorythat potentially
remains in Segments5 and 6 of the fkcility. CaIcuMionsfor Segment6 will followthe
samemethodologyas those for Segment5. Clearlythe use of maximumpossible
inventoryfor the incomingradionuclicksand minimumpossible inventoryfor the exiting
radionuclideswill providean ovmstimte of the amountof inventoryretainedon the
columnsand elsewherein the f~ty. Also, some small amountof inventorywill alsobe
releasedwith the treatedwater. Each total will includethe amountpotentiallyretainedin
the columnsand else where in the facility added to the other inventoryfor that segment
shownin the HazardBaselineDowngradeand any other radionuclideinvexitorythat may
be in the segrnen~ Whenthe potential retained inventoryalongwith the other inventory
for Segments5 or 6 reaches95% of the threshold limit value for a Category3 facility,a
new evaluationmust be performedto ascatam“ the inventorythat is held in the columns
and elsewherein that segment

~= radionuclideinventoryin Segment5 other than hold up inventory
-ssshovmiQti-BwI@ Downgrgdc .

B~= baselineholdup inventoryfor Segment 5
~= anyother additionalradionuclideinventorylocated in Segment5
T~= total radionucii& inventoryin Segment5
T3(dphil) = D (idpk) +% (dpk) + B, (dpk) +~ (Slpk)

T~(beta/gsmma)= D (beta/gamma)~ (betdgarnrna)+ B3(be@gamma)+ ~
(b@dgamma)

T, (CS137)= D (Cs137j+% (CS137)+B~(CS137)+~ (CS137)

3
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In order to compare to the thresholdlimit values for Category3 thresholdlimit values are
selected ilom Reference1. The Beta-Gammathreshold limit is assumedto be the
thresholdfor Ruthenium 106. The Alpha threshold knit is assumedto be the threshold”
for Anericium 241. Thesevalues arejudged to boundequivalentthresholdlimits for
expectedinventoryconstituents. Americium241 was also selectedbecauseAmericium ., .
composes a significantportioriof the inventoriesexpectedto be held in the columns(Ref.
6). The sum of the fractionsmethod used below is taken fromReference 1.

P~= YO of Category3 thresholdlimit value in Segment5

P~= 100 * ~$ (alpha)/5.2E-l Ci + T~(beta/gamma)/l.0E2 Ci +T~(Cs137’)/6.OElCi +T$
(H3)/1.6E4Ci)

Pei technical discussionsbetweenWSMSand ETF facilityengineering,whenthe sum of
the &actionsapproaches95%,a new.evaluationmust be performedto &ermine the
inventorythat is held in the columnsand elsewherein that segment The evaluationwill
be performedby ETFengineering. The evaluationmay be basedon sample results,
pubIishedstudies, andprocessknowkdge. The evaluationwill be documentedin a
calculationnote.

The results of the evaluationwill be used to determinea new baselineinventoryfor the
hold up in that segment ‘Ihedecision to changeout or ckan me cd- may be made
based on the esdmatd time for the segmentto reach 95%of the Category3 threshold
limits. Anew runningtotal will be initiated using the new holdup inventorybaseline.
The use of this methodto monitor the process will ensurethat increasesin holdup
inventorydo not causethe segmentto exceed the Category3 thresholdlimit values tim
Reference 1.

~ It is recognizedthat there maybe build-upof sludge tithe basinsand that the sludgemay
contain a concentrationof radionuclidesgreaterthan that in the basin water. The
cdcuktionsusedto esdmatethe basin inventoryalreadyassumean inventoryhigherthan
that permittedby the WAC(Ret 2). Furthermore,the presenceof waterover the sludge
reducesthe sourcereductionfktor for a rekase.

The fiwilityisrequiredtosample the sludge at any time that the fwiIity engineering
judges that the total inventoryof the basin maybe approachingthe HazardCategory
tbreshoId Iirnits. An evaluationto detemnineif samplingis requiredmust be made on at .
least a yearly basis. Theyearly fkquency appears to be adequateand supportedby the
attachedanalysis of the basinsludge (Ref. 7). This analysisof sludgebeing removed
fromthe H-AreaRetentionBasin indioatesthat the yearly accumulationof radionuclides .
is approximatelythe following:

Alpha 2.00E-03Ci
,
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Beta 5.37E-02Ci

Gamma 5.12E-02Ci (Ret 7, attached)

Comparingto the HazardCategory3 Thresholdlimits,

Alpha 2.00E-03Ci/5.2E-OlCi= 3.8E-03 ... .

BetdGamma (5.37E-02Ci+ 5.12E-02Ci)/1.OEi-02= 1.OE-03

The sum of the tkctions for a one-yearaccumulationis the following

3.8E-03+ 1.OE-03= 4.8E-03threshold limits

cThis representsa very small Ilaction of the Hazard Category3 thresholdlimits. At this
rate of accumulatio~ the sludge wouldnot reach the thresholdlimits for 200 years. .

200@4.8E-03 thresholdlimits/yr <1 threshold limit

Also, an evacuationof the radionuclidecontent of the sludgemust be @ormed before
the water level is lowe@ potentiallyexposingthe sludge.

As,mentionedin the calculationof hold up inventories,othertempmgy sourcesof
radionuciideinventorymaybe present in the fi@ty, such as tank trucks. Beforethe
temporarysourcei may enter the ~ the total inventoryof the afkcted segmentmust be
calculatedby procedureto ensurethat the inventoryof the facili~ remainslessthanthe
HazardCategory3 threshoIdlimits.

4.0 CONCLUS1ON

The level of increasein the radionuckie inventoryof ke ETFprocesscqdumnscanbe
effectivelycontrolkd. T$e methodologydevelopedto controlthe processcolumnand
other hold up inventorymust be capturedin faoililyprocedures. Facilityproceduresmust
also control otherpotentiidradionuclideinventory increasessuchas basinskige and
temporarysources. Becausethese Adminkmm‘veControlsare neceky to maintainthe
ETF as a RadiologicalFacility, they will be prescribed in the ikcilityFLASP/ASA.
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mom R W.WATKINS,241-168H #

Reviewedby A. W. W@ns

Periodically,becauseofsedbnent ?xdkl-up,the281-8HH-AreaWtioa Btirequhu cl~g m h~y &e ‘
sedima is beingremovedhm the basii floorto SUP@@d!enhIIIIiS~J~ Sixyemcshavepastsincethelastclean out
wes chpe in the’thl!of 1~ Ik @natedamountOf-altto b8fe!nowdisIMy?. To@q 5B-12 boxeshaveb
removed Which eccount fof~ ly 10%of the totalesdmted kin solidvok

Table 1 .

w W J&Mfiov~ 241-246H
C. W. McVay,704-43H
A. W. wi~ 241-246H
ETF Con’eqondeaceF&241-246H

Refcnxxes:
(I) Memo !itm S. A. WalIisettoA” W. Wi@asj~ April% 1998,SWD-ETF-98-026. .’
(2) Memof+omS. A. Walliito A. W. Wi@n$ ~ April !S, 1998,SWD-ETF-98-034. .


