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KANI?OLU) DEFIM%D W.SI’E MODEL
LIMITATIONS .&i INIPIZOVEIIS

1.0 INTRODUCTION

1.1 BACKGROUND: RECOMME.NllAITON 93-5 11’WLEiMXiNTATION PLAN

On September 9, 1993, the U.S. Deprunem of Energy (DOE) accepted D.@en.se
Nuc!ear Futilities Saje~ Board (DNFSB] Recommenti”on 93-5 (0’kuy i993).
Recommendation 93-5 notes tit &ere is insufficient d waste rechnicd information
to ensure chat Hant-ord Site @ wasms can be safeiy stored. chat associated operations
can be sateiy conduc~d. and r-hatfuture disposal data reffuiremems can be met.

S.mce Recommendation 93-5 was issued, signific~t progress has been made in
underswxiimg W safety-related phenomena, resolving umk saie~ issues. and
enhanc;mg tie capabilities and efficiency of rank wvxe characrerizuion operations.
Accomplishments in each of these areas led to r~e realinaon chat zmk safery issues can
noc be resolved solely by accelerating tank was~esampling and analysis acclivities. h
was decided tiL the key co resolving safety issues is to bener understand safety- related
@ waste phenomena.

.< revised characterization and safety strategy was deve!oped in May of 1996.
This revised suzuegy, DO13’RL94-0001, “Recommendation 95-5 Implementation Plan.
Revision 1,” (DOE-RL ~996) is a multifaceted approach consisting of numerous
ac~ivities. In general. che primary focus is on maintaining Lanks‘man interim
comlguration using sare~ measures, engineering controls. adminisrrmive procedures,
and mitigative actions. Key elemems of the approach include sampiing of High Prioriry
Tanks, safery scr=tig sample analyses, qualification of rotary mode core sampling,
and determination of tlammable gas concentrations and tie presence of organic
solvents.

Section 5.6 and Appendix J of tie Recommendation 93-5 [mpkmentarion Plan
disc’uss completion of W waste samDhng and analysis in accordance with the Tank
Cizaracrerizarion Tecfzmcal Sampling Basis (Brown et al. 1998). Sampling and analysis
plans focus on providing che highes~ prioriy @ Waste information by imposing a
multitude of Tank Waste Remediation System (TWRS Data Quality Objec~ives
(DQOS).

Section 5.6.3.1 of tie Recommendation 93-J Implerneflraion Plan lists milestones

for addressing DNFSB concerns regarding tank waste characterintion and safe~. One
of the milestones. 5.6.3.1. i, requires issuance of ‘M report addressing - Updates co tie
Tank Contents .Model or Define Limi~tions of che Modei. ” Other related DNFSB

I
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rniles~ones tia( have been completed in prior fiscal years inciude 5.6.3.1. d. “Uptite
His~oricai Tank Comenl Estima[es (HTCES)” ~d 5.6-3.1-f. “provide s~~
Inventory Estimates for ail Tanks. ”

1.2 WASTE CIL4R4CTERIZATION AM) SAFETY STRATEGY

Hanford’s single- and double~shefl rank was~es are diverse due to numerous
processing operauons conducted over tie past four to five decades. This diversiry of
processing operations. coupled widl incomplete records of tank waste ~de.~ over che
years, creates a comp iex challenge for rank was~e characrerizarion. ThIS siruaaon is
complicated by {kited riser locaaons for sampling, incomplete core recove~ during
sampling, and spatial variability within the wasres.

A fhmiamental step in rank waste charac;erizarion is tie development of an
approach for acquiring ark waste samples and wduixing tank Waste informauon. b
an unconsuained environment. srandard tank waste sampling schemes (random grids.
sequential sampling, e~c.) could be implemented to reduce uncsnainties associamd Wirh

es~imating tank wcxe “mvemories. However, tie ‘ark wasre sampling siruation is highiy

consmimxi at che Hanford Site. .W a result, a meaningrld, sratistically defensiiole
picrure of @ waste inventories cannot be provided through s~pling alone.

Consequently, rank wasre samples cannot be considered in isolation. Numerous
sources of rank was~e ;tionnation exist, and must be considered in conjunction with
sarnpIe results to develop a more tiorough understanding of tank was~e inventories.
These sources of information inciude process flowsheas. chemical use records.
material purchase records, wasre uansfer hkories, surveillance mexwrements.
numerical modei predictions. and otier sources of tank waste dara.

Two key sources of iniormaaon used in determininj rank waste inventories = (~)

tie analytical dara from samples of iank wastes, and (2) numerical model predictions of
tank inventories using the Hanr-ord Defined w~~e (~~ Rev. ~ modei (Agnew et ~-
1997). The HI) W model estiates rank inventories based on historical was~e
processing records. Engineering assessments are also perfotined to decennine mnk
waste inventories. The engineering assessments are based on process history and
evaluation of samples from ocher ranks be!ieved to contain sinlilu wame types (i.e.,
rank groupings and associated waste rype templates). Akhough engineering assessments
utilize process history, some input assumpuons (e.g.. tlowheec basis) may differ from
hose assumed m tie HDW modei if tie revised assumptions are believed co be a berter
represemxion of tie acrual siruaaon.
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1.3 BEST-13tiIS INVENTORY ESWTES

DNFSB mihmone 5.6.3. 1.f. “Standard hventory Esd.maKesfor all Tanks. ” was

completed “inAugusl of !997. These standard inventory estimates, more commonly

referred co as rhe Bem-kis Inventories (BBis), include 7A chemical anaiy[es and “46
radionuciides. The chemical analytes and radionuclides comprising che BBIs were
de~exmined following review of applicable TWRS programmatic DQOS. The BBIs
were generated on a @-jpecific, as weil as ~Joo~ basis, and re?resen[ =qea[er ~an
99 percent of tie chemical mass and radionuclide activity in Hanford tank wastes. The
globaI inventory estimates inc!ude five additional chemical and ytes that were
introduced during fuei fabrication. fuel fission and ac~ivation. chemical process
operations, and chemical impurities.

.
The BBIs are based on acrual sample results, when che dar.aare available and

deemed reliable. In the absence of acmal sampie results. engineering assessments are
conducred to exrrapo late !aowledge gained rkom wrnpied ranks COranks believed to
contain similar waste rypes. In che absents of reiiabie sample results and a basis for
engineering assessment exuaDolauons, HDW model (Rev. 4) (Agnew et al. 1?97)
inventory predictions are used. DuriIIg tie deve!onmem of the 9BIs, all sources of
tank inventory information (sample results. @ine&ng nsessments. and ~ W model
predictions) were considered md reconciled against one another to urive a~tie best
estimate of tank was~e inventories. This mer.hodology is discussed Mher in Standard
[nvenrories of Cnemicd.s and Radionuc[ides in Hanford Sire T’ Wiz.sres(lL@er er all
1998).

Rs reporr addresses how tie tiormation gained from the sarnplixg and
amlysis of ‘highprioriry tanks has resuited in updates to the HDW mode!. Existing
li.mitar.ionsof the HDW model are also discussed along witi proposals for additional
model enhancsmencs to improve che modei’s predictive capabilities, where warran(ed.

1.4 EV.UUATION OF THE T.UTK CONTENT’S MODEL

The qualiry of HDW modei predictions musr be assessed co ensure che cred~oiliry
and defensibility of mode!-based predictions of rank wasre inventories. The historical
information forming the basis for the HD W model. although ex~ensive, is still
incomplete. Furthermore. certain assumptions regarding waste comen[ and behavior
are embedded within tie HDW model’s architecture. Tne resulting mode!-based
predictions of rank waste inventories conrain potential @accuracies chat need to be
bener understood and quantified. This report discusses c-heresults of HDW model
evaluations in each of rhe following areas:

Input information. Evaluate source terms, soiubili~ies. split ~acrors, transaction
records. and other kev inuut dara aecessary for predicdng tank waste inventories.. .



. , . HNF-Z273
Revision OA

&sumpcions and sensitivities. Evaluate the physical i chemical constraints
imposed by embedded modeling assumptions and determine “he mtiei ~~od~~ T
dampens, or exacsrba~es variability in tie rank waste invenm, y tmixnares.

OutpuI comparisons and uncercainries. Compare sampling @M ~d modei
predictions to examine model accuracy, and evaluate uncsrtainaes associawd with

process and analfle volubility variations.

(n addition to these areas of evaluation. a Hisroricai Model EvaL=”on Dara
Requirements (Simpson and McCam 1997) Dara Qualiry Objecrive (DQO) document
was prepimd in support of w waste sampling activities. ThIS DQO is be:ng used co
obrain information dlrough selective tank waste j=~ @ co refine common wsre
compositions (waste [emplates) and quan@ uncmaumes in “umlcwaste invenrory
predictions.

1.5 USE OF THE T.*VK CONTENT’S MODEL: HDW -MODEL w. 4)

W&n tie HD W model was iniaaily developed. there was a concern that
i.ndivid~. &k-by-mIIc inventories could rIocbe well documented. lle original
intended use of the HDW model was to provide a tank-by-un.k wimate of r-he@
chemical inventories. Since chat tie. tie tank-by-tank estimates ihavebeen developed
using sample dara and process knowledge. Cumendy, tie Drmary need for tie HDW
model is co esrimate the rank-by-tank disriloucion of radionuciides.

It is generally preferable :0 base ank was~e inventories on actual sample results
when tie dara are ~vailable and deemed reiiable. This inciudes exrrapoiaaons of

sample results from sarnpled to unsarnpied tanks if che process history and wasre
cransacrion rezords suggesr @t the ranks contain similar waste types. With some
exceptions. tank wawe samples (pmiculariy core sarnplei) aupear to be rqmesentaave
of che flowsheet of me waste separations process. In the absence of reliable s-pie
results and a sound technical basis for exrrapo[ating sample results ffom one tank “o
another, tie HDW model provides a process history-based prediction of indiviad cardc
wame inventories.

Although sample-based inventories are preferred, engineering assgssmem-based
inventories provide m important verificxion functicn. It is possible for sampie-based

inventories CObe biased as a result of !i.miti Smpling l~a~io~. poor ~ple r~overy ~
and spatial hemrogeneities widun rhe waste. Engfie~ring assessmen[-b~ed inventories

provide a process ilowshest or sknil~ ws~e-type comparison code’uxrn.ineif sample-
based inventories are tie best represenraiion of rank comenrs.

Comparison of sample-based md engineering assessment-based inventories with
the HDW model predictions cm be very useful. Major differences in tie inventories

predicted by the various metiods could nsuk fiorn bias= in che sample results,

1
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variations in assumed prOCeSS flowshe~~, or kvaiid xsumptions used by the HDW

modei. Experience has Shown chat some defined wane compositions used by the HD W
model diifer from chose derived from engineering assessmems or indicated from sample
dara. Also, assumpuons in the HDW model regarding component solubiiities and
existing wasre rypes in &e ranks, sometimes differ significantly horn ChoseMSUmed in
engineetig assessxnems or indica~ed from sample dam.

For the ‘~ chemical malyms comprising tie BBI, sufflciem amlyticai in.fonnarion
is usually obtained tiom sampiing the rank or can be exrrapoiawd from xi.rnples from
‘anks ~~n~~g sid~ ‘~~~ ~es. [0 esri.ma[e H* inventories. L~ore man
90 perc&r of tie torai chemical mass is determined by this method. consequently, che
HDW .modei is generally not needed for chemicaJ inventory esrimaes. but is often used
for comparison purposes.

●

Tine total (global) radionuciide inventories presented in che the HDW model are
based on the 0RIGEii2 code (see Section 2.1.5 and Apppendix D of this report). The
HDW mode! is used primarily to disrriiiute radionuciides co individual rdcs. The B131
radionuciide inventory currently consists of 46 radionuciides. Some of che
radionuc[ides are well represented by sample data. cypicaily ‘Sr. ‘;7Cs, ‘$1.+m. ‘9n%,
[oral aipha content and total uranium. One appIication of tie HDW modei in generating
BBI values is the calculation of tie disuiburion of uramum and alpha isotopes. That is.
the isotopic riisrribution of uranium preciicIed by the model is aomxdized to tie uranium
chemical iavemory determined by sample analysis. and isotopes of I%. Am. and Cm
predicted by the model are nomalized to che [oral alpha inventory determined by
sarnpie analysis. Some sample infonnarion is also available for ‘Co and WC. The ‘
remainder of che tadionuciide inventory es~imates default to HDW ,modei vaiues. Some
of r.he radionuc!ides for which Iirde sampiing data exist (e.g.. WC. ‘2%n. ‘Se, and
otiers) are critically imporrarn from a safety risk and performance assessment
perspective, even though they represem a relauveiy small porrion of che radionuciide
inventory (by activity).

A representative database for chemical analfles contained in the tanks has been
developed as a result of extensive core sampling in roughly 100 H@-ord Site sin@e-
sheil tanks (SSTS) and double-sheil unks (DSTS). This chemical analyte database has
been used to consuucr engineering estimates of the composition of common wasre types
(waste templates) found in tie tanks. The Tank Layer Model (TIM) portion of the
HD W modei is used in conjunction with these composition esdrnates as tie basis for
inventory esrirnam of ranks without sampies. Since the information used by the HDW
model copredic~ chemical and radionuclide inventories is typically based on che same
set of himoricai records. it is possibie to cesr tie validiry of the HDW modei for various
groups of m- me Objecuve would be co not O@ :esr the v~idi~ of he DW

model. but also identi& areas where chemical amiye invenrov predictions could be
improved and used for ben.er radionuciide inventory minutes (i.:., chemical aMIog
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cha[ mimic radionuciide behavior). Tnis is discussed
report.

iim.her in Appendix E of ‘dUS

1.6 IMP.KT OF NOT USING THE HDW .MODEL

The potential impac[ of nor using tie HDW modei may or may noc be
signiikam. depending on tie anai~e of interest. Less than 10 percent of the chemical
inventory is derived trom ‘he HDW model. Toral radionuclide inventories are
currently availabie horn ORIGEN2 dara and DKPRO analysis. The ti-bY’-@
distribution of %r and ‘57CSare well understood from sample anaiysis md process
‘his~orybased engineering assessments. Uranium isotope disuiiiuuons may be kss

precise than cumem esri.nwes if tie HDW mode! were motused. The W-by--
disrnbution of most radionuclides would be impossible to predic~ in tie absence of r~e
HD W model.
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2.0 EMNI?ORD DEI?IMX) W.MTE .MODEL DEVELOPMENT

2.1 THE HDW MODEL

An insighful firs srep in che characzerizition of tank waste is tie compilation and
evalua~ion of historical information regarding che was[e-generanng processes and che
transfer of wasm materxals to and tlom ranks. This histoncai reformation provides a
sound basis for a “%1 qproximarion” of tank contents tit can be compared co acmal
tank waste sample results.

.~ more complete description of tank contenrs was developed from historical
records (Historical Tank Content Esdxnates, ~TCEs]) co mee[ DNFSB mdesrone
5.5.3. 1.d. The HTCES included all contribunng waste smeams for each tank co predic~
an overall rank wasze invemory.

In order co prepare @e HTCEi, tie following major casks were completed:

. Chemical compositions for 48 process waste streams tiom four separations
plains. several di%erem radionuclide recovery operations. and eight different
evaporator campaigns were de~-med(HDW, .%pew et al. i996).

“ Fifty years of process hisrory and more tian 40.000 docurnemed transactions
were organized into a suucrured darabase ~WSTRS, .@new ez al. 1995a).

. volumes and locations of che vmious process wastes in che rank iimns were
esrimated (TIM, .+=-w et al. 199S0).

. Compositions of concexxrmed and non-concentrated supernarant mixrures
were calculated (Supernmm Mixing i~odei [Sm, A=~ew et al. 1996).

These four task areas were
radionuclide compositions of r~e
referred co as ‘de HDW model.

2.1.1 HDW Mode! - Rev. O

imegrmed into a model for estimating tie chemical and
149 SSTS and 28 DSTS. This fully integrated modei is

The HI)W model was firer used co predic~ chemical and radionuclide invemorms
in .Nordeast and Southwest quadrant ranks in June of 1994 (Rev. 0). The .Norrhxix
quadranL includes tanks in 241-.+. -AX, -B. -BX. -BY, ~d -C @ farms. Tine
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Sourhwest quadrant inchm=>unks in 241-S. -SX, and -U tank hrms. Revision O of che
HDW model assumed single waste types for mlttie and salt slurry.

2.1.2 HDW ModeI - Rev. 1

~ he Fall of [994, Revision 1 of the HDW ❑odel was med LOpredic~ tie
chemicai ud radionuc!ide inventories for all SSTS (Nofieas~. .Vorchwest. and
%uchwest quadrants). Chenucal and radionuclide inventories in the double-shelI mlcs
(Soutieast quadram) were *mimated in March of 1995.

The major difference bemeen Revision O and Revision 1 was the addition of
process vessei corrosion source terms (Fe, Cr. and Yi) and a source [em for hard
water (Ca). Revision 1 also blended all evaporator cmnpaia> into multi-year
composites. The evaporator blends were an improvement over tie single Wame rypes
for saitcake and sait shury assumed in Revision O. The eva~;wtor blends provided
good representations of tie coral was[e generated during a c ~ign and overall waste
volume reduction. However, one of tie probiems with Req Jfl L was cha( it calculated

‘3iCs and ‘Sr invemories roughiy 20 percem higher than would be expected.

2.1.3 E31J\~.Modei - Rev. 2

Revi~on 2 of tie HDW mode! was issued in the W“mterof 1995 (A=-ew et al.
1995c). ?he five Ia(er evaporator cmpaigns were expressed on a tank-by-canlc basis
using tie Supernaram Mixing Mode! (SMM) :0 predic~ waste concsnrration hisrories
chroug.heach of the evaporxi -pai~.

A Revision 2.1 was issued to correcr problems witi tie calculation of water
conKenland total organic carbon (TOC). Revision 2. and iu ccsssor Revision 2.1,
improved che ‘37CSmd ‘Sr invemory calculation deficiencies mherem in Revision 1.

Revision 2.1 also inciuded chloride and porassium source [ems that are affecred by
sodium hydroxide additions. Several otier changes were m- .s inc!uding the addition
of a mercury source term for tie fuel deciadding process, sii~~ adjusunenrs co tie
wastes generated by tie uranium recovery process, and realignment of the first- and

second+yc!e bismuti phmphate process wasre campaigns.

Revision 2 also reduced che process vessel corrosion source terms for early
bismuth phosphate wastes and deciadding wastes. This reduction in corrosion source
[ems was consistent with the fac~chacbismuth phosphate and dedadding wasze
processes were much less coxiosive than eitier tie reduction and oxidation (W ~OX)
or plutonium-uranium exuaczion (PUREX) processes..

nite improvements made iURevision 2 and Revision 2.1, problems still existed
~; ..-oi incompiere waste transaction records for later evaporator campaigns and

9
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resultant impac’u on tie disrnbution of waste concam-ates. Mos~ no~bie were
prob Ie.mswith chemically impossfole over concentration (e.g., ~a in e~c~s of
16 mol/L) while slurry receivers were more dike than expecred.

2.1.4 IIDW Model - Rev. 3

Revision 3 of the HDW mode{ was issued in May of 1996 (Agnew et al. 1996).
ExIensive modifications of r-heWSTRS dataset occurred M a result of adjusting
evaporator ‘&ansacrionscoblend on a quarteriy, or tven finer time scale. knprovemems
in che cransacrion records were possible dumugh tie discovery and incorporation of new
evaporator logbook datasers. .Anextensive set o~ repons addressing 242-S and 242-A
evaporator operations were also uncovered and ~corporated. Unfomumteiy. demiled
im”ormacionregarding 242-T evaporator operations was !ac.king.

The anaiyte list inciuded 4 radionuclides (’nCs, %r. 3%. and ‘*U) ~d 33
nonradioactive chemical specks (Na. .U Fe, Cr. Bi. La. Hg, Zr. Pb, Ni. Sr (srabie),
Mn, Ca. K. OH. nitrate. nimite. =rbom[e. phosphate, sulfate, silicate. F, CL cimate.
echylenediam.inetetraacstic acid ~DTA], hydroxyechylerh yienediaminetiacstlc ~cid
~EDT.\], glycolace. acefate. oxaiate, dfouryi pfiosp~[e (DBpl, bu~oi. ~onia. ~d

‘ive waste properties are also included (densiry, WI% water, W% TOC,ferrocyanide ). ,
sludge void fiction. and heat imd).

.Aruiyre inventories change very litde tim previous versions of the ,model. .Most
notable were changes in Pb, ,Mn. and oxalate i.nven~ories. The Pb inventories increased
by almos~ CWOorders of magnirude due co the inclusion of tie Pb coating bat covered
each fuel siug. An error was discovered in che Mn concentration in PUREX organic
wash wasIes during tie 1963 CO1967 time period. The correction of this error reduced
‘he M inventory by a factor of five. Tne oxaiate inventory ;mcreased by a factor of
three as a result of a decrease in tie assumed soiubiliry [init.

2.1.3 HDW Model - Rev. 4

The current version of tie HDW model. Revision 4. was issued in January of
1997 (Agnew et al. 1997). TWOprimary modifications were made in his version of che
model. First, tie number of radionuciides wkh yeaicred invemones was expanded
from four to 46. Secondly. calculations of anaiyte variabilities for each tank based on
process and soiubi.liry unceruiimies were inciuded.

The historical Fuel Activiry Data File generated
tie HD W model. j primary radionuciide source :erm.

by tie DKPRO1 computer code is
Ttis file determines the activity,

DKP!ZOis a computercodeiorwiioacuvedecayud je?~tio~ pnmssiq.

9
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in cerrns of curies, for tie 46 radionuciides in each of 1.276 batches of Ha”ord reactor
fuei processed dKouc~ the separations piams &orn L944 through 1989. The DKPRO
calculations of radionuc!ide acrivity are based on 01ZIGEI?J2~compuIer runs chat predict
discharged fuel acriviry for a series of fuel exposure levels and fuel types. l%e output
from che DKPRO computer code is expressed in terms of curies per fiel batch.
Revision 4 represems ‘he tlrn mempt at carrying radionuclides throuo@reprocessing
for uranium recovery and B-P!ant Sr/Cs campaigns.

Revision 4 also addresses NO sources of uncsminry resulting fkom process and
solubiliry variations. Tne variation of 35 proesses is calculated x -/-1.00 Relative
SCandard Deviation (RSD) to generate wo scenarios. Two separate Scetios are also
calculated for 24 anal~e solubilities r-hatare varied ~ a group by -;-1.00 RSD, aiong
with 16 anaiy~e solubiiities C@ xe varied independently for 32 additional scmarios. h
ail, 36 scemrios of tie 48 KDWs provide 1,728 variations for each lmiy~e in each @
at -/- 1.00 RSD. ,Maximum and minimum variations are selected horn this set co
represent - /-1. 00 RSD (67 percent confidence imemal). Another 1.7?3 variations are
calculated for tie - i-1. 96 RSD. Their maximum and minimum variations then
detexmine che - /-1. 96 RSI) (95 percent confidence interval).

The HDW model may be usefid for predicrirg tie chemical and raaionuclide
mvemones in tanks where no sampling results exis~ or where a basis for engineering
assessment exrrapoiations from similar tanks is not ooss~o[e. In an etiom :0 maximize
‘he flexibility of tie HDW model and easily accommodate c.hamgesin model input
parameters and assumptions, a HDW modei user interface was developed during Fiscal
Year &Y) 1998.

The user interface provides on-[ine interaction with che HDW modei. [t is wrirren
in Visual M.sic3 for Applications. the srandard macro programming !anguage for all

Mkiosc)ft Office’ applications. Three Microsoft Excel’ workbooks and one dynamic
link [ibrary fiie were deveioped to facilitate access co, and manipuiaaon of, HDW
model input pararne:ers and assumptions.

Once che user imerface is accessed, a series of cabs are provided to make changes
in the HDW model input parameters and assumptions. A “General” tab includes
options for automatically adjuuing tie fraction precipitated in the HDW modei,
establish tie run da[e for inventory estimates. check for values exc.azling userdefinaole

2ORIGE?U (Oak Ridge ko[ope Generation)is a computer:ade.
‘ Visual %sic “k a“mcemaric o~ .Microsd Corporation.
‘ MicrosoftOttlceis 3 mdernarkoi MicmsohCo~oration.
5Mkiosofi Exc:i is a :rxdemar!cat MicrosoftCorporation.
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!fiU, ~d generate a log Fdeof changes [o the HDw

assumptions.

modei input parameters and

.A ‘SoIubiliV Limiu” cab enables changes COsolubiliry limits in one Of wo ways.
First, volubility limiu can be se~ for a given chemical analyre. S=ondh. tie fraction
precipitated for each HDW waste type can be set individually. When a chemical
analyte or HDW waste type is selected. tie corre~onding values for the species are
dispiayed for tie supematam and sludge concemratiom. The tiaction precqmated can
be adjusted automatically as changes are saved if this option is selec~ed under tie
“General” cab.

.%“Process Chemicals” cab allows deteminarion of chemical and radionuciide
concentrations for each HDW waste rype. Chemicals can be added co each of tie
HDW waste rypes. If a chemical and associated wasre type is calculated by
spreadshem embedded within r-heHDW modei, ‘ken a message will be displayed
indicaumg chat tie value cannot be changed.

.A ‘WSTRS Transaction” tab “mciudesoptions for editing, insefiing, and deleting
wansactions irom che WSIRS daraset. Wasre mmsacnons me dispIayed on a quarteriy
basis for J given @ and year. If ~ particular waste mmsaction is iabeled as a - send”
or ‘receive”, then tie corresponding rank”s Waste ‘wansacuonswill be displayed with
‘he sendrecs;ve m.nsaction highligiued. .+lthouc@a great ded of flexibility and
freedom are provided with respecE10changing WSTRS cransacrions. here are c=rain
resrncrions based on r.ransacuon we and wherdxerit is an edit. insertion. or de!enon.
For example, the volume percent soiids and soiids type can only be accessed for che
addition of primary was~es horn a processing plant (.xin, always positive) or a transfer
from another rmdc(rec. always positive). This tab also contains the option to creme a

‘ vimml leak tank” to mack all transactions desiaqated as rank leaks.
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.XYII .4CmIcy OF HDW .MODEL - ~IO~CLIDES.

4) model and it’s supporting codes. DECPROand ORIGEM
were used to predict tank-by-tank invemones for % key radionuc!ides as weil u
- giooai” inventories for all 177 ranks. These predictions contain vtiOus de~ees of
error in tie form of (1) general biases deriving tiom che calculation of curies per ton of
uranium Fuel, and (2) rank specific errors re!ated to the difilcuity of modeling i.n-tank
chemisrry and ‘mn.k-co-tankwaste crarkers. The following semions are presented to
describe tie magnitude of uncmaimies in ~Je HDW (Rev. 4) model’ j prediction of
globrd and individual tank invemories. ,4 major objective is co identifi tie degree of

model unprovement .&r could be gained by various Lmodificationsto che model.

3.1 LNXRT.MNTIES .U?I?ECTNG GLOB/iL IPWENTORY .MODELI.NG

The cumem degree of bias in Rev. 4 global vaiues has been evaluated via a
sensitivity study in which individual input parameters. used in che supponing 0RIGEN2
code. were updated. 0RIGE?J2 code inp.x parameters were adjus~ed to account for
recenrly updated data liioraries derinimg (1) auc!ear cross sections. (2) tie tie
variability of cmain uranium fuel impurities which serve as target nuc!ides for
activation producz generation. (3) radionuc!ide haif-lives. and 4) fission proaucz yield
facrors. These four parameters ail affecz che OFUGEX! code’s prediction of
radionuciide activiry in fiel chat entered Hanr”ordsepamtions plants. Appendix D gives
deuiils describing the resuhs of “individualpararne[er adjusrrnencs.

HDW model Rev. 4 global inventory values also contain uncertainties .reiated to
fiac~ional losses of terrain radionuciides da ocwred durig tiel sepamions
operations (i.e., losses to atmosphere. process condensate. and product sue-). ~ tie
HDW modei many of these loss effec~ are (consemarively) neglecced. For the
exrracted - product” eiements (U, Pu, !Np)che modei has used loss fac~orscontaining
uncertainties, which redly cannot be characterized until additional ranks are sampled
and @yZed.

Table 3-1 surnrnaties ‘bias factors ‘“for 46 key radionuciides associated with the
composite effect af adjusting r~e four 0RJGEN2 input parameters. The bias factors
express che ,rxio of tie g!obal curie irwen~oryas calculated with updated inDuc
parameters [o che original curie inventory as calculated by the HDW model (Rev. 4).
For example. the bias iaccor for “C means tit cheupdated c’uric inven[o~ for “C is
80 percent of che value predicred by tie HDW modei (Rev. 4). Comments in the
- Other FacIors” Golumn indicate that there We additioml sources of uncerainry in che
alobal inven[orv ~eiated [O processing losses ~d d=~ CdCUiUiOn!imirations.a .
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Table 3-1. Unceminry in Global T.nventoryvalues.

I ! Composite
bias ‘“ 1

Other uncenaimy fac~ors

H3 0.99 Tine HDW modei assumes 100% of uiuum in tuei k
~routed COtank waste. Due to losses to aanosphere and

condensate. acnud un.k inventories are significantly !eSS.

C14 ‘ 0.80 ‘ .+ddiuonai uncm.ainry may exist. associauxi with losses of
C-14 co annosphetic emissions.

~ C060 : 2.75 ,
! Y159 i 1.18 ~
~ ~N163 I IJj f

[ SE79 j 0.042- j
I 0.092 i

I SR90 ! 0.99 i The HDW giobal inventory for Sr-90 may be biased !OW
~by 14% due co internal Msurnuuons accounting for tie

quantity of Sr-90 separated in B-Plant and routed co
! cmsuies. ofisite. olam residuals and solid wastes.

I Y90 ~ 0.99 ‘
~ ZR93 ! 1.00 ‘
~ NB93m ~ i.oo i
~ TC99 ‘ 1.00 ~Tne HDW global inventory for ~c may be biased high by

~aOouK3270 due to it’s not accounting for tie kactional~
I

~

! separation of Tc (to tie uranium producz j=~) in he
! IJ~W r~oven. p=. and REDOX mocesses.

; RU106 i 1.00 ‘

~ CDl13m [ 0.66 :
I 5N126 ! 0.26-0.32 ~

I SB194 : 0.85 ~
I
! 1129 \ 0.76 ; .+ddiaonal uncenainry may exist. associated with losses of

~‘:q to annospheric emissions from fuel dissolution
operations. The HDW model assumes 100% k routed co

, tank wasre.

, CS134 i Loo !

! CS137 I 1.M ~The HDw global inventory for ‘37CSmay be biased

I
‘ jiightly hiu@ (less than 2‘%)due co internal assumpuons

I
1 \ accounting for r-hequantity of lfiCs separxed ‘inB-plzu

i ~ \and routed COcapsules, offsite, plam residuals and soiid

.1
, : wastes.

~ BA137m ~ 1.00
\ SM151 ‘ 1.06

E~15~ 0.91
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Tabie 3-1. Uncerrainry in Gioi)ai InventoN Values.

~ : Composite ! I

bias ‘“ ~
Other uncertainty factors \

!

W4Z6 ~ i.oo ~The KD W gioual invemo~ for ‘Ra is bmsed (see note a) ~
I ~~v fa~*ors of 00S -, 1.0 due to decay calculation I

I I ~limitations and deoendim on waste me. I
1 ~T79 [ 1.00 : The HDW g!ooai inventory for ‘Ra is biased by facxors ~

i ~of 0.02- 1.0 due to decay calculation limitations and /
} ! de~ending on waste type.~ t

~ ~c~~7 ~ i.oo j The HDW global inventory c’or‘i.+c is biased by iaccors ;

I : of 0.03 - 1.0 due LOdeccy calculation Iirnkxions and I
~ I ~denending an wune rype.
~ TH229 i 1.00 ~Tne HDW global inventory for ‘m is biased by iac~ors of ~

t
I I ~0.14- i-0 due [o decay calculation limitations and It I I

\ deuending on waste ryue.
I

I
I TH22 I 1.00 ~The HDW global mvemory for ’273 is biased by faccors I
I ~

, of O.01- 1.0 due co decay calculation Ii.nmarions and
I I deuendim? on waste woe.

~~~~ : 1.00 ~The HDW glooai invemo~ for uranium ~maybe

~;
! signif3cam.lyuncerrain due to the use of approximate 1
~faccors, which account for emraczion !osses and

I
!

j assumpuons reiated co the eti~c:ency of U recovery horn \

, u~33 !.00
.+

\ .W’2;7 , o~~ , The HDW global inventoq for aepcunium may be ;

I

~factors. which account for exuaccion iosses.!
‘ pu~~g : 0.95 ~~ ,HDw !@d invemop for plutonium may be o

\ SIgmficandYuncertain due to the use of approximate
I

~factors, which account for exuacrion losses.
I

\ p~~39 \ 0.99
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Table 3-1. Uuceruimy in G1obal Invemoty Values.— -.
C~mposite ‘

~— -. biu a’ I
Other uncertainty fhc~ors

-“~.hmposne bm represents the ratio of (Invemory with updated 0RtGEN2
paramewrs)/(Inven~o~ with original 0RIGEI?J2 parameters).

3.2 ~~~RT4~S -~~G ~~UAL T-&i IFWENTORY

,MODELING
-

This study assesses uncertainty =:= rank-by-d inventory predictions in ‘duee
ways: (1) by analyzing ~Aebroad m I=~n “~e~een ,model predictions and analytical

values for a set of 60 sampied and L -:,.1~nnics.(2) by systematically ~djusting
various parame~ers in The HDW mocl: l-suchx chemical and radionuciicie volubility
factors) to [est :Je degree of ma~chbetween model and predictions and measuted
invemoxy for sei:cted :umks.and (3) by comparison to ;mdependeru calculations. The
tank seleczion irr’lldes 47 core sampled SSTS and 13 DSTS with sampie values as of
1994, ‘he km C _crion date. in tie model. roe second assessment lusessystematic
adjusunenrs of . ws yuzune~ers in the HDW {model !0 ‘-- ‘ve ‘he lma~chtie~e=n
Lmodelpredicnons and &measured(analyicd) values for F-.“wuhr ?rob[em or .-ou~ier”
tank. The third zxessinem evaiua~es the degree of d prediction error resulting iom
rJe HDw imode!‘j inerhoci of wase concenmmon averaging. Results l%omassessmen~
(1) define tie overall mociel-versus-sanlpie e~or. Resuits from assessments (2) and (3)
identify cmain sources oi emor in th. .~de! and their cmmibu~ion to the overaiI error.

3.2.1 Sixty Tank Broad Comparison

The analysis shows the degree of mismatch bemwext tie Rev. 4 model (Agnew
1997, .+ppendix E) and measured results for key radion’ ~es. k this discussion.
measured rank inventory values are assumed co be the m. valid. These comparisons

have been evaluated by simple ‘scatter plots ““in Appendix A. The scmter plot for
‘37CSindicates a relatively good match between model and measured inventory for
Hanford’s highest “mvemorytanks (such as 24 i -AZ- 101 and - 102); model/measurement
rauus VaqJ horn O.~ to 2. For !ower inventory tanks. however, (tank containing less
than abou[ 100.000 Ci of ‘nCs) che model versus measurement unceminty ‘becomes
datively large: modellmeasuremen! =.:ios vary tiom 0.015 co 50. The average model
predicnon for these 60 tanks appears :s be biased 20 percent lower than che average of

measured values.

16
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The scarierplot for %r, which is considered to be an insoluble ilssion produc~.
indicates good agreemem for tie isolated, aging waste ranks (241-AZ-101 and -102),
but even .aater scatrer (tian for ‘37CS)for other ranks containing !ess than about 6
million curies. The average model prediction for these tanks appears to be biased
33 percent lower than che average of che measured values.

The starter plot for 141.-, an insoiuble ac~inicieand major alpha miming
radionuciide. indicates a re!arively ooor match benveen model and sampie
measurements with I srrong bias toward low predictions; a sigiilcam number of
predictions were found to be m order of magnirude low.

Starter p[ou are also provided ior aCo, WC, and’~ (see Appendix Al. Other
radionuc!ides either :kive aot been measured or too few measurements have been
obtained for a meaningful comparison. Thus. predictions for other radionuclides can
only be inferred tlom me scau.er obsemed for ‘Sr, ‘37CSand “’ .MII.

There are csmaiu reasons for the observed mismatch berween model md sampie-
based es~imates. For ‘Sr md lVCS, tie mismatch can be uaced to deficiencies in tie
HDW model’s soiubility parameters. radionucIide split factors (i. s.. fictions leaving
tiel processing plants in different waste s-mans). solids c~over fractions in ~umk
cascades, and che WSTRS dara We (historical waste crmsfer records). The data scmer
for 3’1Am and che associated bias can be traced [o aadicioml fac~ors–’.e “De~ied
Waste Concaxrauon” averaging error (see Section 3.2.1) and perhaps :0 3naiyticai
accuracy. (Note chat tie mode!’5 bias toward low predictions may be only panially
explained by r-heuse of our.diuedcross section data (see Appendix D).]

3.2.2 Uncexzainties Due To Soiubifity and Ptiuoning Factors.

A sensitivity smdy was performed co identify tie czuse of cmain emors and
improve model performance rela[ed co tie modeiing of radionuciide chemistry in the
tank environment. .ASdesciibed “m.+ppendix B, so[ubiliry or fracaon precipitmd
solids parameters were modified to bemer reflect r-he %r and !37CSchernis~ for ‘acb

HDW type. The model was updated with these parameters and r-heresuits were
compared with sample values for 60 ranks. The %Sr predictions were improved
50 percent while tie overall accuracy of !;7CSpredictions did aot change. While these
modifications did not provide as much improvement as expected. rhey did reveal chat
most of tie problems seem to be associated with Bismuti Phosphate Process waste and
ciadding waste.

--
1.
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To investigate tie potential for improving tank-by-tank inventory pmdic~ions, tie

HDw modei was compared to sample based esrimates for bismmh and ‘Sr (see
Appendix E for details). The bismurh aiai imcIuaed 30 SSTS with a sample-based
inventory of at leas~ 500 kilograms of bismuth each. These tanks collectively c0Qr2in

about 70 percent of che COMIbismuth inventory at Hanford. The HJ)W model was
modified as necessary to improve che tit between mode! and sample based estimates for
these tanks. Tne revised HDW model provided estimates within -/- 50 percent of the
mmp le inventory for 73 percent of the ‘unks. and esrimates witin -/- LOOpercent of
tie sample inventop for 93 percent of the ranks. A jimik smdy was ~SO pe~-omed
for 47 singie-she!l ranks with sampie derived ‘Sr inventories (Best-13asisInventories).
Tine results show chat che revised HI) W model provided estimates wirhin
- /-100 Oercent of rhe sample esinute for 66 percent of the runlcs.and esrima[es within
+/-200 oercem of c-hesampie esrimace for 80 percezr of tie Q* (38 OUIof 47 * in

tie sample were high. these deviations cieariy exceeded the 95 percent comldence
intervals (CI) defied in tie HDW model. In otier words. che 95 percent CI in tie
HDW model does noc uuiy represent tie wide range of variabiiicy found in che % tank

population.

Based on the results of joiubiIi~ sensitivity srudies described in Section 3.2.2
(i.e., prediction errors for ‘nCs do not appear to be mused by solubiliry effeccs), iz is
believed WC the Waste Srams and Tlnnsaction Record Summan“es (WSTRS) may be a
major cause of modeling inaccwacies (Appendix D).

.+pproximately 60 percem of the WST2S transactions have &-n investigated and
verified against historical records. Transaction records ptior CO1980 are incomplete as
a result of unrecorded was~etransactions ;mmany oi the tank. From 1980 to
January 1, 1994 (tie cutoff date for the HDW model), waste transaction recmds were
maintained in suuporT of Operational Wame Vo[ume Projections (OWT) and are
considered to be cornpie”m. .+ddiuonal was~ cransacrions have occurred since
January 1, 1994, chat are not currently included in tie WSTRS dara set. However,
these transactions are weil documented in suppo~ of annual O%WP preparation. A
task to deveiop a waste uansacrion mechanism will be initiated in W 1999. This waste
transaction mechanism could be used co updae che WSTRS data set to include all waste
transactions since tie January 1. 1994, cutoif date for che HDW modei as weil as fiture
waste transactions in suppon of rank farm operations, tank wasze rerrievai and disposal.

.ti ex~ensive etion would be required co research archived historical waste
handling records in order to improve the campieteness of che WSTRS dara se~ for wa.se
transac~ions prior to 1980. .+lthough many of tie * have been sampled, providing
inslgh~ into ~ w~te layers and UsWiated waste ~nSaCUOm. there are numerous

instances or’ incomplete core recovery. In cases of incomplete core recove~. there is
rei iance upon engineering assessmems of process rlowsheets. ocher bsIoric3i

!g
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information. and HDW model predictions co infer tie nature Of UIISarnpiedregions of
tank waste. Expansion of the WSTRS data set for transactions prior to
currendy planned as a ~ Zm task.

3.2.4 Uncertainties Due to Modei Methodology (Waste Averaging)

One source of uncertainly in ‘unlc-by+nk invemory predictions is

1980 yS

associated wkh
r-hemethod used in che HDW modeI to genera~e its derimed waste compositions. k ch.is
method. the deuiled historical tiel batch activity iiie (giving cwies in batches of fuel
for periods of one month or less) is summed over time spans of many years and divided
by che corresponding volume of waste generated over rdis ‘tie Spa to calculate an
- average defined waste concamuion.” The use of this average ccmcmration in
calculating tie curies added co individual ranks leads to mode!hxg errors. which are che
result of rwo effecss:

1) Over a period of several years fiel exposures were increxed significandy
(specific fuel activi~ in c’ties per MTU increased), and

2) Over tie same opemirug period separation pia.m dowshee[s were improved to
signiiicami y reduce che volumes of waste generated per MTU (liters per -MTIu’
decreased).

The combimnon of these rwo effetxs means hat acrual waste composition values
(Ci/liter) have changed sign.ificaxxlyover a period of years. The emor occurs because
tie HDW model assumes a comxant average waste me composition for the period.
Tanlcs tilled early in the period have their curie additions overes~irnated. while tanks
filled lam in the period are underestimauxi.

.- analysis by Wootan (1998) c:haracrerizes the magnitude of these eriors present
in tie HDW mode!”s eszima~eof curie invemory for various waste tvpes and paructhriy
for those tanks which were rilled ve~ eariy or ve~ late in ‘Ae‘-werage was~e”.~ime
period. Note, tha~tis analysis has been developed to ‘he point of bracke~ing he generic
error for the most highly affected time periods (quarters), but noc to the point of
idemifiing specific tanks filled during those time periods.

Results. deuiled in Appendix C, vary by waste type and by radionuc!ide half-life.
For example:

● MOSTlonger lived radionuclide ‘mvemories estimated by the HDW model co
be m Bismuth Phospha[e waste receiver tanks could be overpredicted @ a
factor of 1.9 (1/0.53 = 1.9) or underpredicted by as much as a factor of 5,
depending on when during the period 1950 CO1956 tie rank was filled.
Because of ics relatively short half-life. the &ror range for ‘~u is even
larger.
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● Model esrimaes for tanks illled wirh REDOX Proc=s was;e generated ikorn
1952 to 1957 could be overpredicring tie longer half-{ived radionuciides by

? ?) or underpredicung dlenl by a faCKOrOf ~.~.a factor of 2-2 (1/0-45 = ---
(L’l.= ~d ‘*Cm are excsptlms in REDOX Proc=s waste U* whe~ the

inventories could be overpredicted by factors of 20or~[e~ and
underpr=dicced by fac~ors of up co 4.6, depending on when tie W was
ihlled.)

● Tanks receiving PUREX Process waste during tie period 1963 to 1967
could he overpredic~ed by fac~ors of 6 and underpredic~ed by facrors of ~,

“ depending on when che tanks were filled. The ‘-cm in these sanle ranks
could be overpredicrd by up co a taczor of 50.

These uncsnainrY ranges are presented as aE example of che degr= of ununaimy-.-—— .

present in model predic~iom for ail-waste ~pes - For any single was[e qpe. some tanks
will recexve was’?
is predic~ed err~
- average - cones.

that is predic~ed erroneously low;
usly high: while some um.ks will
:cion is represenuuve of tie true

some tanks will receive Waste char
surely receive Waste where @e
concmrauon.
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DNFSB milestone 5.6.3. 1.f. “’StandardInvemory Estimates for ail Tanks.”’was
completed in August of 1997. These smndard inventory esimates. more COrnrnOdy
referred to as the BBIs. include 25 chemical anal~es and 46 radionuc!ides. fie BB1S
were generated on a [ank-meciiic, as well as global basis, and represen~ >grxer than
99 percent of ‘he mass anti’radionuciide activity in Haniord tank was~es. During the
deve!opmem of r~e BBIs, all sources of tank invemory information (sampie resuks.
engineering assessments and inventory predictions hm tie HDW modei. Rev. 4) are
considered and reconciled againsr one another co arrive at the bes~es~ima~eof ~um.kwas~e
invemories.

Section 5.6.3.1 of the Recommendation 93-Y [mpiemenmrion Pkm lists the
milestone 5.6.3.1. i. wh.ich requires issuance of tis report addressing - L7@ates COthe
Tank Comencs Mode! or Derime Limitations of tie Model. ” Validation and review of
che HDW mode!. Rev. 4, bases were part of de 13BIeffon in FY 1996 and 1997. This
Section >mrnmanzes tie resuks of the review and provides tie cmc!usions and
reCOITII12endaUOIISfOr pOtenUd fUtUreUDdaESco ‘he model..

DNFSB Miiestone 5.6.3.1. i requires that tie quaiiry of HDW model predictions
be assessed to determine the ciedibiliry and defe.nsiioiii~ of modei-based predic~ions of
tank waste inventories. The resulting model-based predictions of iank wasre inventories
contain potenuai imccuracies and iimiracions tha[ need co be Mter understood and
quantified. Tine HDW model evaiumions foc’usedon each of che following areas:

. tnpuc information. Evaluation of HDW modei source [ems, solubiliaes,
SQ[ic faCtOrS.rransacrion records, and other key input data necessary for
predicting d wame inventories.

● Output comparisons and uncsrraimies. Comparison of xunpiing data and
model predictions to examine mode! accuracy and evaluation of uncertainties
associated with process and anaiy~e volubility variations.

This report defines uses and limitations of the HDW, Rev. 4, model, and lists
pocexxial means co improve the accuracy of the KDW model in predicting tie chemicals
and radionuciides in Hanford rank wames.

4.1 USE OF HDW >1ODEL

The .HDW model supports tie BBI effort by providing the basis for aisrnoution on
a tank-by-tank basis for radionuciides ‘chatwere not represemed by sample data. ‘l%e
Lmode!also provides 2 ‘basisfor comparison witi procss flowsneets (waste composition
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data), process wasre rypes, volumes and compositions
evaluation of waste transaction data.

of the Waste types. and

Ttis effort identified several Iimirations of tie HDW model. The significance of
tiese !imitacions mum be assessed by tie dara users, i.e., tie developers of che
performance assessment (P.<), Hanford Tank M.iarives (HT’1),vadose zone srudies,
and F.hmlsafe~ Analysis Repons (FSARS).

The model cm be highly vtiable in accuracy of predic:mg tank-by+m.k
inventories at this time. .- evaluation of bismuth indicates chat the HDW model
predicts tie true bismuth inventory wirhin a factor of ten for most ranks.

The rnodei frequently provides esrimaux for %r and ‘3;CSchat fall within one
order of magnitude of ‘he measured value. The measured range of vaiues is over six

orders of magnitude.

The model tiequently provides esrirnates for WC chat fail within cwo orders of
magfimde of tie measured value. The”mezjured range of values ISnearly fOU orders

of magnitude.

Tne HDW model. as a prediczor of tie coui (glob~) ‘~mce “mvento~. is much
more ac.wrate @n it is for @-by-@ inventories. For example, while ~~eHDW
model’s prediction of ~dividual tank ‘nCs inventories cm be uncertain by up Coa

factor of 10 or more. tie model’s prediction of global ‘37CSin all tanks is [ikeiy
accurate to witi 15 ~ercsnt. A similar level of global inventory accuracy can be
experxed for most other uon-exuacrzhie, non-vo[ariIe fission produc~.

Global predictions for WC are esrimated to ‘beaccurate co within about
30 percsm-this .-ater uncm.aimy being re!ated to tie unceruin fractional separation
of technetium (to che uranium product srnxtrn) in various fuel separations processes.
For activation producrs tit have resulted form poorly characterized impuriry levels in
reaclor fief, the HDW modei’s prediction of giobd inventories may be even more
uncerrain. (Radionuclides in”~ category are “WCO.‘SC, 5% and %i -) For
radionuciides chat have seen si’gdkxu. yet poorly defined. chemical separation horn
r-hewtite srreams ~H. “C, ‘ZT. tie HDW model’s prediction of global inventories ~Y

also

4.3

be significantly high.

IDENTIFIED IMYROWIMX3JTS TO HDW MODEL

Part of a major update for ‘usein a revised HDW modei
in ~ 1998. The DKPRO code was run co ~i~a[e an updated

was already ~ccomplished
Fue! .+ctiviry File. In FY
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1998. 0FUGEN2 codes were rerun to update tie older basis used for tie ~W (Rev. 4)
model. The DKPRO me accounrs for (1) improved cross secrion dafa se=, (2)
improved haif-[ife dara for ‘Se, ‘mNb, and ‘XSQ.(3) nrne variation of fuel irnpuriry
[eveIs. imponant to che calculation of activation produc~, and (~) improved fission
yield faccors.

Wirh minimal additional effon, che DISYROand 0RIGEZZ2 codes could be rerun
to improve the calctdarion of fuel activity at very low exposure leve!s.

Fur@er potential improvements co tie accuacy of tie H.DW model for chemicals
and radionuciides are discussed ‘inSecrions 2.0 and 3.0 and in additional derail ‘m
.~ppendicss B through E. The following mmrnanzes key modificmions expected to
provide tie mos~ benefit.

● UpdaMg che model wir-h

● Updating tie model with

. Updaring the modei wirh

improved solubiiity parameters

improved radionuciide split factors

adjus~ed solids carryover faccors for cascaded tanks

. Adding decay comcrion calculations for ‘L- and ‘*I% co the KDW modei.
Other second order decay daugh[ers (=ILI. ‘Ac. alla. -. and ‘lPa)
could be de!eted tkom tie mode! as a practical alternative co &e cask of
~dding decay cormxion mociifkarions

● Adding a iiew radionuclide to che mode!—acrivaaon produc~ ‘6C1

● Comecring the apparent error in the model’s prediction of ’43-

● Modifying the mode! to generate deriied waste compositions (for
radionuciides) which more closely account for month-by -momh variations in
fuel specific acriviry

. Correcting the WSTRS file to improve tie accuracy of historical waste

transfer, records (when model resuiu are inconsistent with tie sample data).
This efforr would update che WSTRS tide to account for missing transaction
m.ords. In addition. the WSTRS tie should be wended co account for
was~ecransacrions chat have occumed since che rile was frozen as of January
1.1994. (This rusk will likely require considerable etiorr.)

● Verificationhpdating modei tank layering profiles based on core sample

profiles from tanks chat have been care sampled

7:--
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● ‘Modifying the HDW model co generate tank spxific eStiteS Chatmore
closely ma~ch sample results for key radionuciides

. Calibrating che model with key radionuciides or chemical >m.rrogiires co
ue~em[e more reiiab[e ctis~burion profies for radionuciides dEI are Qot

&-renrly in our sampie population

With oat or all of ‘he modei modifications listed above, r-heHDw modei could

be upgraded co Rev. 5. It is envisioned tic a Rev. 5 version of tie HDW rnodei would
be used to provide the basis for estimating che composition of tiytes (primarily
radionuclides) identified in high-levei and low-ac~ivity fe+ >~ecificacions for waste
viu-ific3tion operations. Rev. 5 could also be used to pr: -Ctie compositions of
anal~es chat may be idenufkd in tie future as being irnponant for risk a.ssessmenr. rank
closure, wame form performance. or for feed specification compliance for wise
virnfkauon. such an irnuroved model wtU also provide tie basis for judging ‘he
consistency of mnpie analy~icd data from tanks witi common waste types. Finally,
che model can aid in the developmem of mk was~ecomposition uncercaimy esrimates,
based on s~ple dara from common sludge layers or &am common supernares.

Tank specific malyucal requirements, inciuding tank ciosure requirements.

performance assessments (3?.+s).Hanford Tank initiatives (I+TI), vadose zone cones.m,
Final Safety .%miysis crireria (FSW) ad “immobilization procsss requiremems. musx
be mab[ished by data users co decermme how weil tank-by+ank inventory vaiues are
needed to mccessfulIy mee~ach of tiese rnkions. ~%etier tie updared ~W m~ei
will adequately provide these needs must be dezexmined on a c=e-by-case basis.



. . HNF-:275 “ I
Revision OA

1
5.0 ~RENCES

AgneW, S. F., R. A. Corbin, T. B. Duran. K. A.hrgensen.T. P. Ortiz. and
B. L. Young, i995a. w&rreStarusand Transam”onRecord Su~q (w=
Rev. 2), WHC-SD-wM-TI-61j, -614, -669, -689, Rev. 2, Los Alamos Natiom
Laboratory, Los Akunos, New Mexico.

Agnew, S. F.. P. Baca, R. Corbin. K. Jurgensen. md B. Young, 1995b. Tank Layer
Mode!, LAJR-9LU269, Rev. 1, Los .+lamos Nacioml Laboratory, Los .Alamos.
LNewMexico.

.@new, S. F., 1995c. Hanford Defined Wiures: Chemiczi ti R&ionuc~ide
Compositions. WHC-SD-W-TI-632, Rev. 2. (L+-LR-9~2657, Rev. 1),
Los .Wamos National Laboratory, Los .Mamos. New .Mexico.

Agnew, S. F.. J. Boyer. R. .A. Corbin. T. B. Duran. J. R. F.czi%rick.
K. ,+. Jurgensen. T. P. Orciz. and B. L. Young, 1996. Hanjord Tank Chemical
and Radionuc!ide [memories: HDW Mode! i?ev. 3, LA-LX-96-858. Los .+iamos
National Laboratory, Los .Mamos, Yew Mexico.

A=mew. S. F., J. Boyer. R. A. Co@in. T. B. Dur&. J. R. Fitzpatrick.
K. A. Jurgensen, T P. Oniz, and B. L. Young, 1997, Hanford Tank Chemical
and Radionuc!ide [nvenrories: HD w Model Rev. 4, L\-UR-96-3860, Los .Mamos
National Laboratory, Los .Mamos, New -Mexico.

Brown. T. M.. J. W. Hum. and L. J. Fergesmom. 1998. T2nk Characrericarion
Technical Sampiing Basis, HNF-SD-WM-T.+-l@. Rev. 4, Lockheed Manin
Hanr”ordCorporation. Richkmd, Washingon.

DOE-RL. 1996. Recommendation 93-5 Implementation Plan. DOE/RL-94-0001.
Rev. 1, May 1996, U.S. Deparunem of Energy, Richland Operations Offlcs,
Richland, Washington.

Kupfer, M. J.. A. L. Boldt. K. L&f.Hodgson. L. W. Shelton. B. C. Simpson. and
R. .+. Warrous (LMC); B. A. Higley and R. ,M. Orme @HC); ‘~. D. LeClair
(SAIC): G. L. Borsheirn @orsheirn Associates): R. T. Winward (Meier
Associates): Y. G. Cokon &WNL): S- L. Lzmbem and D. E. P!acs (Cogema):
and W. W. Schulz [w% Corporation), 1998. Stanahrd [nvenrories of Chemicais
and Radionuciides in Hanford Sire Tank $%sres. HNF-SD-W-TI-740, Rev. !lB.
Lockheed Martin Ham-oralCorporation. Ric:Mand.Washington.

O’Leary, H. R.. i993. Defense ?Juc!earFacilities Safe~ Board ~DM311)
Recommendation 93-5. Le~er co J. T. Conway {DNFSB), dated
September 9, 1993. U.S. Dep-em of Energy, W~~~on. D.C.

1-
.>



. HN’F-:273
Revision (IA

simpson, B. C.. and D. J. iMcCain, 1997, Hisron”calModel Evaiw”on Dara
Requirements, HNF-SD-WM-DQO-018, Rev. 2, Lockheed .Martin Hanford
Corporation. Richland, Washimyon.

Wooum, D. W.. 1998, Evaharion of Averaging Radionuc!ide [nvenrories @ Wure
Type in the Hanford Dqined Wasre Modei. hser Repo~ FD~-m-98-027.
R. J. Pui@ co J. W. Cammann. Fluor Daniel Northwest, Inc., Richland.
Washimyon.

26



. .
HNF-3273

Revision OA

.APPENDIX A

ASSESSMENT OF LWCERT-~T~S
OF INDIVIDUAL TANK IFWENTORY

PREDICTIONS



. ~F-2273

Revision OA

This page imenuonaily left biank.



.
HNF-n73

Revision OA

.APPENDIX A

ASSESSMENT OF UNCERT.AINTIZS OF INDMDUAL T.MJK ~iORY

This smcty assesses Hanford Defined Wiste (HI)W) modei uncertainties in rank-
by-tank inventory predictions. .4 broad comparison is made berween model predic~ons
and analytical values for waste &om 60 mrnpled and malyzed tanks. The EUMse!ection
includes 47 core sampled SSTS and 13 DSTS with sampie values as of 1994. tie lam
transaction date in che Lmode!.This assessment uses systematic adjusunem of various
parame~ers in che HDW mode! to improve the match berwesn .modeipredictions and
measured (analytical) values for terrain tanks.

!kauer plots are presented “mFigures ,+-1 ch.rough .+-6 showing HI) W Rev. 4

predictions for key auciides (~Co, %r, WC. ‘37CS,3%. ‘“ .ti). Tinese plots are ‘used
to show the relationship benvesn dxe ID W Rev. 4 prediction and the sample value for

tie 60 Sampied ranks. The r-ark ‘iwemory prediction (in cmes) is shown on die
horizontal axis while che saqie vaiue (in c’uries) is shown on tie verrical axis.
Separate plots are provided for six represencarive raaionuclides.

This analysis shows chede~. of mismatch berween the IHDW Rev. 4 model
(Agnew tt al. 1997. .Aopendix E) and measured resuir.s for key radionuc!ides: in most
cases, measured tank inventory values m assumed to be the more cmrec~ value.

A1.O COMPARISON OF HDW REV. 4 TO SAMPLE ESTIMATES FOR

sTRoN’rIm4-90

Figure .+-1 compares tie modei co sampie esu.maes for ‘Sr. To interpret che
plot, one must compare data points co the 1:1 a diagonal line. This line represents a
perfecc tit berween samples and model predictions for all saqied tanks. .Mosztanks
are clustered near the diagonal line. bu~dlree or four tank clusters are clearly displaced
from che diagonal indicariq room for improved %r predictions.

Tne starter plot for ‘Sr, which is an insolubie fission product. indicates good
ageemem for the isoiated. aging waste tanks (2A1-.+2- LO1and 102), but more scarier
(than for ‘nCs) for cmks contai.nng less than about 6 million curies. Tine average
mode! ?rediction for these ranks appars to be biased 33 percent 10wer tin ‘&eaverage
of tie measured vaiues.
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Figure A-1. KDW Model Rev. 4 ‘Sr Inventory Prediction Versus Sample Vaiue.
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Figure A-3. IIDW Rev. 4 ‘CtY Prediction Versus Sample (or Besr-Basis Inventory).
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Figure A-6. HDW Rev. 4 ‘a’&n Predic~ion Versus Sampie (or Bes~-BasisInventory).
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Fi~ .~-~ comu~s tie model co s~ple esttites for lnCS. Cesium- 137 k a.
very soluble cadionuciide. The scarier plot for ‘VCS;~dica[es a ~!ative!y good mMCh

beween model and measured invemory for Hanibrd’s highes~ invemory tanks
(241 -,H- 101 and - L02), where modeUmeasurement ratios Varied from 0.4 to 2. For
lower invemory ranks, however, (tanks containing less rhan about 100.000 Ci of ‘37CS)
tie modei versus measurement uncm.ainty becomes relatively kuge. with
modei/measurement ratios varying iiom 0.015 to 50. The average model prediction for
&ese 60 ranks appears to be biased 20 percent lower dxm the average of measured
values. The compressed scarcer reiaave to ‘!jr seems co indicate that solubie

radionuciides such as ‘nCs may be predicted more acamateiy than [ess soluble
radionuciides like %r.

.+3.0 OTHER HIONUCLIDE COMl?:UUSONS

Other comparisons were also generated for ‘Co, ~c, ‘~. and ’41Am. These
comparisons are presemed in F@res .+-3 through A-6, respmiveiy. On tiese plors.
che numbers on che diagonal represent a ma~ch bemmen the BBI and HDW Rev. 4
predictions. For “’Co. aeariy all the off~iagonal poixxs are above the diagonal
indicatig the model’s predictions are biased significantly low re!aave to sample values.
For WC, a h@ly soluble iadionuciide. tie predic~ions are also biased low. For ‘~~.
many of tie ranks in tie sample population have no sample or BBI values. These am
indicated by the points along the bottom of tie plot. Only eight of tie remaining tanks
are oif the diagonal and are eveniy divided bemveen hicghand low vaiues. Fimily, for
241An. a smong bias coward low predictions is indicated wirh a si=tificam number of
model values being an order of magnitude low.

MO SL.MMARY OF MODEL T,OSAMME COMP.MISONS

Evidence of excsssive randomness and/or bias is evident from the HDW model
predictions for ‘Sr and ‘mCS. The ‘Sr mean is biased 33 percent low and the log Gltio

root mean square (.RIMS)value is 0.97. indica-+~ai= a prediction ‘uncm.ainty of nine times

tie sample. The ‘;7CSmean is biased 20 qer. .! low and the log ratio RIMS value is

0.71, showing a prediction unc:rrainv of five times the sample. Evidence of excessive
,mndomness @or bias is even more evident for mher radionuciides. Tine ‘Co mem !S
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biased 80 percent low and has a log ratio R,MS vaIue of 1.4: tie ~c mean is biased

60 percent low and has a RMS value of 1.0: che ‘% mean is biased 160 percent hi@
and has a RMS value of 2.4: and che ~4’.%n mean is biased 90 -percent low and has a
RMS value of 1.7. T’he‘% predicuon is biased high because tie best-basis inventory
values for many of the ‘* were set co zero. The RiiS values are significant in chat

all represent prediction uncercainries chat are !0 times larger tin tie sample values.

There are certain reasons for the observed difference benueen the model and
amlyrical measuremems. For ‘mSrand 137CS.tie deficiencies can be cracsd COtie HDW
model’s soiubility parameters. radionuc!ide spiit fac~ors (i. e.. tiaccions leaving fuel
processin~ piams in difierem was~esrrearns). Solids c~over tiaczions in umlc
cascades, and the Waste Scams Transaction Record Summary (WSTRS) dara file
~tis~orical waste transfer records). The scarcer for ‘$1.0 and [arge biases can be rmicsd
to other tactors, inc!uding malyrical uncmainry. ~ote chat tie ,modei’j bias [oward
low predictions is only pmiaily due co che use of poor cross stxxion data (see
Table D-3). ] .+ppendix B evaluates che %eccs of adjusting tie HDW model soiubiIiry
parameters on the predictive capabilities of tie model.
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APPENDIX B

SOLUBILITY .LND PARTITION
FACTOR EFFECTS ON

TANK
INVENTORY PREDICTIONS
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.W?EN’D(X B

SOLLBIUTY .WI1 P.lR’TITION FACTOR EFFECTS ON
T.%YK INVENTORY PREDICTIONS

Appendix D of tie Hanford Defined Was~e (HDW) mode! (Agnef~ et al. 1997) provides
estimates of tie solids precipirared horn akaline solutions (fmction pw.ipirated estima[e) by
waste rype for each radionuclide and chemical component. With rhe goai o~ improving model

performance. Lrevisedsolubiliry or fiction prec:pirated Solids es~imates were derived to ‘berrer ,
rerlect the SC-90md Cs- 137 chemisuy ’for each HD W type. The model was updated witi
these parameters and the resulrs were compared witi sample estimates for the 60 ~anks in tie
sample population. The HDW +Model.Rev. 4. was modi~led using 137CSand ‘Sr fraction
precipitated soiids estimates deveioped for each HDW type based on process che.mis~. The
model normally cdcuiates these values from a single solubiiiry iimit derined for each species.
Tmee different versions of the model were examined tach with a difi”ere~t slate Of hxion

precipitated soiids estimates (Harmsen and Schulz 1998). These versions are called Case 1.
Case 2. and Case 3. which are compared COrhe ED W Mode!. Rev. 4. md tank sample data.
The sampie dara were derived tiom ranks from which one or more core mmpies have been
taken [47 SST’s and !3 DSTS1. The DSTS were chosen because chose arks have had s-abie
inventories since L994 (rhe final cransac~iondate in tie HDW model).

B1.O DEVELOPMENT OF PERFORM.&XCE MEMURES

Performance measures were also developed co assess improvements to the HDW
model. These measures were used cocompare HD W Rev. 4 prerlic~ions [o sarnpie values for
60 single and doubie-sheil tanks.

B1. 1 PERFORNM.NCE MEASURES .

Performance measures were defined to provide a basis for comparing rhe models.
Initiaily. conventional scarier diagrams of model versus mrnple inventory values were prepared
to compare ihe model”s predic~ive pem-ormancs. When appiied to the 60 ranks. r-heiesults

were inconc iusive because Of rhe high degree on randomness. .+ .’joined 10~ ratio- perfo rmancs
measure was found co be usethl for comparing jeverd. modeis on che same graph. The zero-
value horizontal line represents a perfecc modei-[o-mrnpie fit. .+ value of 1 represems a lmodel
prediction 10 umes che sarnpie value. whiie a vaiue of-1 represents a modei yedicdon one-
tenrh of che sampie vaiue. Unbiased predictions produce graphs wirh values evenly distriiouted
above and below the zero iine.

%-- -.
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The mean value of the log ratio measure indicxes
predic~ion. Likewise. tieroot ineansauare(MtS) value

the bias in the mode!”s k~dionuciiae
of tie log trXIOme~ure =[imates che

variance or standard deviation of tie scmer about tie perfec~ prediction. TfleSe me3Suree

effec~ivel y quanti~ che bias and uncsrrainry associated witi tie mode! ‘S prediction.

Bemuse the log ratio is weiU@md~?ual]y for ail tanks. an additional performance
measure was deveioped co compare modei pe~onnance by cumulanve v~rie inven[ory. Tab [es
were used to accumulate curie inventories with modei-[o-jamo [e curie ratlOSin the foi]owing
ranges: 0.5 to 2. 0.25 to 4. 0.125 co 8, and 0.1 co !0. These tables show the tiaion of
(sampled rank) invento~ “meach range.

BI.2

The pe~-orrnancs measures treat the mal y~ical values equally regardless of che number

of samples per tank. .+naiyncal vaiues were developed from one to el@ core Samples per
W. in chls report. the u@nic3i value is assumed to ~representtie collective inventory of ail
phases in che tank. incIuding siudge. salt cake. and wpemate.

In tie foilowing discussion. che xrontium and cssium fracrion precipitated solids
emrnates are discussed in detail. i%ac~ionprv.ipitated values for ‘Sr were caicuimd by tie
HDW Model. Rev. 4. based on 3 soluiiliry limit of O.ON CiiL. VIIues for tie ‘nCS ~c~on
precipitated were provided as pam of tie model and therefore We not calculated Rom a
soiubility limit. Fraction precipitated values used in tie model are shown m Tabie B-1.
Cemin groups are represented by a range of values =signed to different HDWs in tie group.
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Table B-1. I-IDW Rev Soiids. ~s[ima[es for ‘%r and ‘:TCs.

\ HDW mode! waste types’ i Frac~ion of strontium (wSr) I Fracnon of cssium (“’Cs.I ~

I precipitated I precipitated I
Process hiU@-acuviVwrote

I BiPOdprocess’ \ o I 0.01
J

Other processes’
I

0 CO 0.986 \ o co0.03
‘Claddng was~e

AlummrnJ o ~ o
Zircaloy: i i) I o

:MiscsilaneouS waste
A

%iici was~e

Fenocyanide solids: ~ 0.55 co 0.98 ! 0.55 co 0.97

Other soiidsg I 0.92 I o

[ Compiexed waste’ 1 0.64 [0 0.74 I o ,
‘Otieyhauid wastes ! 1 0 [0 0.i6

‘.%lier addition of NaOH
‘Inciudes

and UR
‘Includes

PL2. and Z
‘Includes
7nciudes
~nc!udes
%c!udes
‘Includes
‘Includes

HDW .ModeL Rev. 4. waste cvpes ml. MW2. lCI. 1C2. 2CI. 2C2. 224.

HDW &[odel. Rev. 4. was~e types R1. R2. PI. m. z’. ~1. Tfi. p~. PLl~

HDW Model. Rev 4. waste types CWR1. CWR2. CWP1. and C=.
HDW Modei. Rev 4. waste types CWZit and CWZr2
!-IDW Mode[. Rev 4, waste rypes PFsC?J 1, PFeCN2. TFeCN. and ICF=CY
HDW -Model. Rev 4. wame types DE. CEM. and AR
HDW S40dei. Rev 4, waste types HS and SSR
HDW ModeL Rev 4. waste types OW1. 0WW2. 0WW3. NT. BL. CSR.

DW, N, PASF. and B

B-5
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Table B-Z mnmaries che ilnai se[ (Case 3) of esurnates used for the inodei Volubility
calculations. Clearly. sigmficant changes were recommenaeci for bismuth phosphate process

and c!adding was~es ~ Tne results cha[ were produced from tiese modifications are disc’fised
%tcuom 62.1 tiOU@ B2.3 .

Table B-2. Revised Fraccion Precipitated Solids Estimates for ‘tSr ~d lnc~-case 3

in

\ preciplra[ed I p-aui[a[ed

Process high-acciviry was~e
I
\ BiYOkprocess’ ! 0.98 4 0.10

I Other processes’ I 0.98 I I
I I

I Cladding waste 1
1

i Alummum’ I 0.98 I o I
I

I Zircallov’ i 0.98 i 0.30, ~
I I

j Miscellaneous waste i
I

I Solid waste
I I
I Ferrocyamae XIkis’ j 0.0 i 0.98 I
I
\ Other soiidsz ‘.- I

{
0.98 I 0.98

I I ,

I Compiexed waste’ I 0.0 I 0.0
I ,.
: Other liquid waste’ I 0.98 I ‘0.0I I

I

‘Aiter addition of NaOH
Tnciudes

and UR
~ncludes

PL2. and Z
‘Includes
%chdes
includes
%cludes
‘Includes
includes

HDW Model. Rev 4, waste rypes YIW1. ~YfW2.lC1. 1C2. 2C1. 2C2. 224.

HDW Modei. Rev 4. waste rypes “Rl, R2. PI, P2. P2’. Thl. TM. P3”.PL1.

HDW Model. Rev 4. waste types CWRl. CM?2. CWP1. and CWP2
HDW :Model. Rev 4, waste rypes CWZr i and CWZr2
HDW Model. Rev 4. waste types PFeCN 1. PFeCN2. TFeCN. and 1CFeCN
HDW Mode!. Rev 4. waste types DE. CEM. and .+R
D W Model. Rev 4. waste rypes HS and SSR
HDW Model. Rev 4. waste types OW!. OWW. OWW. NIT, BL.

CSR. DW. Y. P.<SF. and B

3-”j
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SOL L~ILITY F.\CTOR EFFECT ON DEI?17NZDW.&STE COMPOSITIONS

Table B-5 provides he ’37CS and ‘Sr defined was~cs compositions in he HDW model
Rev. 4. Only chose waste types a%ec~ed by changes in che tiaction precipitated solid esnrnates
are listed. The new compositions derived from the Case 3 Lh-acr.ionprecipitated estimates are
shown in Table B-$.

Table B-3. Comparison of Hanford Defined Waste Compositions for Supernates.

I predicred I HDW Rev 4 I Case 5 i HDW Rev 4 , Cue 5 i

I
Y[wl ~ 0.0050525 ‘ (),(J()()1(3()L9 , 0.00569581 0.00508252 ~

I J4W2 ‘ ().oo940~4~ ! 0.00018@ ~ O.O1O7O59L ; 0.00955095 ~
I lCI : 0.01059202 ‘ 0.00021!8~ I 0.01194365 0.01074659
1 1C2 ~ 0.01s47339 0.00036%u5 0.02103409 0.01893068 j
~ ~cl ; 0.00139551 ~ 2.791E-05 0.0015732 0.00141588 ;

~cq : 0.00133121 ~.&j~4EJ)5 0.00151576 0.00136419 :
I :~~ 0.00019424 ; 3849E-06 , 0.0002S055 13130019851 j

LWTBP ~ o.oli;9909 0.00022-98 : o.o12!312@ ().01i@_7~j ~
PFeCYl ‘ 0.000223 o 0.0003883 0.00025886 ~
PFeCN2 : 0.00022!798 o 0.00038825 0.00025887 !

I TfeCN : 0.000224s o g.00038~35 0.00025523 /.
! lCfeC?i : o.oo8026i ‘ o: 0.0091388 1).00040617 :

R1 : 0.0340002 0.0015166 I 0.0867~39 0.0784984 \
R2 0.0430005 0.005451~7 ! 0.;0898536 ().27948425 !

I CWR1 : 0.00314607 6.2921E-05 0.00561103 0.00361103 :
CWR2 ! ~J.~0532037 : o.0001o@l ; 0.00602604 , 0.00602604 ~

I PI : 0.0 NX)O04 : 0.00568313 0.32770709 0.19493638 i
, E“ 0.0340003 0.01358107 0.77029T3 : 0.69326755 ;
1 CWP1 : 0.00302177 5.W35E-05 0.00348366 0.00348366 I

I cm- ~ 0.~02@559 ! L.3112E-05 I 0.00276801 : 0.002?6801 !
CWZrl i 0.0089934 ; 0.00017987 ; 0.01107401 : 0.00775181 I

f (),~()178()3 ~ 0.03WO01 ! 0.14141691 I 0.00017803 0.00089899 ]
ml : 0.00768409 ~ 1).00015368 0.00706946 0.00636252 !

I TH2 1 0.03$00013 0.00076i 0.03493182 0.03143864 \
! AR ! 0.03400009 o 0.31J13704 0.0057C478 :

B I 0.05430007 0 0.02647376 130~(547376 ‘

1 BL ~ 0.03399989 : 0 0,.0;
I SRI? : 0.i5599952 0.40991623 0.20607956 ~ (),1~6304()3 :

CSR ; 0.06908916 ~ o 0.03979031 0.032S1983
P3 : 0.03399987 0.04827926 2.32115743 2.56468857

CWZr2 0.00~95661 9.9132E-05 0.00585121 ().0()@9j85 :

i3--
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Table B-$. Compamson of Hanford Defined Wrote Compositions for Sludges.

i HOW Rev 4 Case 3 ktOW Rev 4 Case 3
predicted

Studge for
HOW , %-90 (UIJ Sr-so (CJL) Cs-137!GIL) C+: 37 fCJL)
ihlWI &oo199!205a 0.0383i60w 3.oo22535a8 0.006751036
MW2 o.oo24755a7 0.0700536%1 0.0028?8754 0.131~28852
1cl 0.007608907 0.072996491 i).oo85i7il 0.01609XS
1C2 0.013621007 0.122166187 13.015309342J!32~120897
2CI 0.001074511 0.019818818 0.00121146 0.003367541

2C2 0.00125525 0.02822T935 13.001~3042 0.005726975
224 0.000171989 0.004888334 0.000195102 0.000741042

UWTEP 0.005160514 0.392957595 0.010351 n I050786A62
PFeC3Jl 0.297428251 ~.303362A6 0.234313029 3.2376a7%l
PF~C~2 0.343866517 a.35a7628~5 0.386@6936 0.390410786
TFeCN 0.785911122 0.80174364~ o.a83303229 ~.3W291024

1CFSCN 0.211222261 0.370405656 !I.2405W853 9.413701951
RI iY.328374305 1.’517748449 0.0560177 ~9 i3.231863351
i%? 7247780871 13.35181676 0.26231 lQ$ 1.7855005~9

CWR1 0.0020475W !).037028101 0.00235a253 0.~02350253
C’JVR2 o.oo405a825 0.:73636759 !3.004597: 71 3.SO@971 ~:

PI 11.35S67524 12.S1343045 0.275T25876 f.~32~338A5
?2 16.1887395 16.59681174 0.622142791 2.52C2352S2

C’JVPI 0.002519928 0.036118305 0.002905122 0.002905122
C’NP2 0:001835659 0.0807051 0.0021:22:8 0.0021772?8
Cwzti 0.00HIO032 0.0828353a3 9.003493654 0.037811491

HS 8. :297J=508 0.116324881 0.0001-5 0.000739A76
TM 0.007183655 9. 129A87931 0.0066090S5 13.01S090841
n+2 0.1013485tl 0.64: T97742 0.332656834 0.089390S34
AR 12.39T2403 I3.a5077907 ().260906703 3.37 A5WA81
3 3.310369~ 15.97538327 0.02238876 0.0223887S

El. 7.43AZI 0599 i 3.; 7387272 0 a
SRR 9.57 M473G5 0.35 Id: 55a2 0.17665919 o.:6~4624
CSR 3.044469793 i . 14S385798 0.(32551;354 rJ.f32::~0337
P3 ‘X).54933653 30.19747783 2.95W53286 3.270208S69

CVVZJ2 0.004214655 0.045518845 0.00497535 13.019937742
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132.2 SOLnILI~F.ACTORE~CTO~SR-90

The ‘Sr predic~ions provided by the modified models are shown in FiWre B-1. witi tie
m.ks arranged in order of increasing model/ sam@e ,rar. io.Frac~ion pr~ipicated adjusrmems
increased tie %Sr predic~ion for Iow-invemory tanks and reduced r-heprediction for most h@

inventory tanks ~.tanks containing more than 100,000 curies of %r).

The log ratio me3sure was used to compare tie ‘Sr performance COanalytical data for che
modified modek. ~!gure B-l presenrs che results for HDW Rev. ~. Case 2. and Case 3
modeis. The Case 1 resuhs are essentially identical co Case ~ and were noc plocred COimprove
claruy. One “goal is to have all predictions within a factor of 10 of che amly~ical data: points
witi a performance indicator between -1 md -1 meex dns criterion. me left side of the
graph shows chat ntxty 311 tanks with very low HD’W Rev. 4 co sample data ratios now have
predictions Within tie criterion. For ve~ high HDW modei to analytical ratios. only one tank
exceeds the criterion. Tne mem ‘Sr log ratio measure is biased 20 percent high and tie IUMS
vahe k 0.66. representing a noise level of 4.5 times the sample.

Figure B-1. Comparison of Mode!/Sample Ratio as a FuncIion of Sr-go Solubiiiv.

-3

... —.-- —.. — --- - .- —

Tank Index Oy Increaaing performance Indicator
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Table B-5 compares HWD Rev. ~and Case3 bycategorizing the%rprediccionsb~
proximity to sample values. ~ecategories aremodel-co-mmple rmio rangek:w~n
0.5and2. O.2Sand4. M3and8.andO.land10. “ ie results are expressed as ?WKIOnSof the

‘Sr inventory in tie sampled tank (all sampled canks~ and percent of sampled u*. case 3
increases from 75 to 94 percent tie tkactiori of sampled tank inventory with predictions within
a [actor of four of the sample. The Case 3 model reduces the fraction of samp ied GMJCSour-side
tie 0.1 to 10 range from 25 percem to 12 percent. These comparisons snow an overall
50 percent improvement in Sr-90 inventory predictions compared co tie wsxin!g HDw modei.

Tabie B-5. Compc. ,on of ~Sr Performance for HDW Rev. ~ and Case 3.

1 HDW Rev, 4 I C3se 3

I Fraction oi
Modei COsample ratio ranges ~ ‘mcuon ‘f Percent of percent of

, .xunpled tank samu led tanks sampled tank
I
sampied unks

ji) inventory inventory (CiJ i

~Model li2 to 2 times sampie ! 0.629 ~
8

L~. j I 0.656 ! J5. ~

\Model 1J4 co J :imes sample ! f).749 I 50.0 ! ~.~4~ ! 70.0

\Mode; I;3 co 3 CimesSampie ] 0.918 i 71.7 ! 0.903 i 35.0

Model 1:10 to 10 times ~ 0.920 I 75.0 ~ 0.916 ~ 38.3

\Beyond (oudier)
I ( ,~ 0.080 5.0 (). .;4 i 11.7

B2.3 SOLUIIXLXTY F.\CTOR EFFECT ON CESIVJ-137

The ‘37CSpredictions provided by modified modeis are shown in Figure B-2. Witi EUIJCS
arranged in order of increasing modeIfsample tratio. Frac~ion precipitated solids adjusimen~
increase che l~TCspredic~ion for low-inventory tanks and left tie predicuons unchanged for
can,Icswirh inventories of over 200.000 Ci of ‘HCS. In general. the Case 1 so[ubility
parameters resulted in che greares~ increase in predicted ‘3TCSinventories. Case 2 and Case 3

produced essentially the same results.

The log ratio measure was used to compare che ‘RCS pefiormance COanalytical data for
the modified models. Figure B-2 presents the resulrs for HDW Rev. 4, Case 1. Case Z. and
Case 5. One goal is to have ail yedicrions witiin a factor of LOof the anaiyticd data: poin[s
wich a performance indicator benveen -1 and -1 meet this criterion. For all modified modei’

che tanks with very low HDW Rev. 4 to mrn@e ratios “xhave all but one or WO data 00’-

within ‘Ae factor of !0 criterion. Um-O_Lely. four ;- were push over ‘Aecriterion At

the high predic~ion end (see right side of F@re B-2. ta:~ index 54 anu nigher). The mean

.
B-10



. .
HNF-3273

Revision ~3A

!37CSlog ratio measure k biased 26 percent high and che R.MS value is 0.72.
noise level of rive times the sample.

Figure B-1 Comparison of Mode!/ Sample
‘3TCSSoiuOiiicy.

4
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1
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Table B-6 compares HDW, Rev. 4. and Case 3 by categorizing the ‘:7CSpredictions by
proximity [o sample values. The categories are che same as used for ‘Sr. The CeSultSare
essentially the same for HDW. Rev. 4. and Case 3 with 98 percent of the sampied unk
inventory having preaic~ions witin a fac~or of four of the sample. AISO.87 oem~n[ of the
‘iankssampled have predictions witiin a facror of 3 of the sample estimate. od~ 1 percent of
tie sampled tank mvemory had predic~ions outside tie h’8 co 8 model-co-sample ratio range.

The above information indicates bat. unlike the predic~ions for%, linle improvementin
the 137CSinventory preaic~ions was obtained by modifying tie Eraccionprecipica[ed es~ima[es.

Table B-6. Comparison of lfiCs Peri”ormance for HDW Rev. 4 and Case 3.

( I HDW Rev. 4 ! C3se ;i

iModel to sampie rauo range Fracuon of ~ Percent of 1 Frac:ion of Percent of
sampled tank sampled tanks sampled tank sampled tanks

, Ci inventory 1 Ci inventory
i

Model !/2 TO 2 urnes 0.761 I 0.763
I 53”3 I

58.3

Isampie

I I ~~Model 1/4 TO 4 urnes 0.982 76.7 0.975 I 76.7 I
\sarnp~e I I I I
Ilvloael 1;8 TO S wnes I 0.99 I 36.7 I 0.99 i 86.7

Model 1/10 TO 10 times ! 0.99
I

38.3 ~ 0.99 I 86.7 I
\sample I I I

Beyond (oudier) j 0.010 l!.; j [).olj I 13.3

B3.O CORRELATION OF OUT’LRZR T.%~KS TO OTHER .MIZCHANISMS

Tanks with HDW Rev. 4 predicmd inventories over 10 times che sample value or less
than 1/10 h tie sample value are desigmmd as oudiers. These tanks are listed in Tabie B-7.
For ‘Sr, 16 tanks were identified as oudiers: i2 of !he oudiers are SSTS. For ‘37CS.eight
ranks were found to be oudiers: seven oi che outliers are SSTS. Of die 12‘Sr SST oudier
tanks. 5 contain bismuti phosphate process waste and 3 contain c!adding was~e. Of the seven
‘3TCSSST oudier inks. one contains bismuti phospha[e process waste and three contain

cladding waste.
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Table B-~. HDWRev. 40utlier Tanks.

HDW. Rev.4. “Sr ‘
1

HDW group
HDW. Rev. 4. ‘;TCS ‘

oudier tank
HDW group

oudier tank
lTY-i06 ‘DE /C. [(jj /Cw
;C-105 ,CW \T.!O~ ICw
IT-102 ~cw \Ty. [@5 IDE
jc-[l! !Mx iC-!02 !Cw
Iu-lio ilC AW-103 Cw

iTY-i05 :UR TY-lol :(--
lB-~0~ ,??~.-
~T-10’i {Ic

IB-?OI
*i~~~!--

lBX-i05 .MW’
@w-[ol :Cw
1A*V-[OS .SA
/.+P- i02 !NLy
!.AIN-103 SA

CN - Ferrocyarude solids
DE - ocher solids
CW - cladding waste
MX - mixed types
1C. 2C. 224. ,MW. LR - bismuth phosphate proc~s
UM - mixture of 1C2 and I.R’TBP types
SA - DST supematzms composed primarily of R1. .4R. (7WP2. Z. BL.

SRR. CSR and DW types

Table B-t? provides a list of oudier ranks identified by Case 3. Case 3 reduces [he
number of ‘Sr oudier tanks tiom 16 C08.5 of whlcn are SSTS. Tiiis also model reduces tie
number of ‘nCs oudier ranks, all SSTS. COnine. Of the five %Sr SST outiiers. four contain
bismuth phosphate process wasre. Of tie nine ‘~Cs SST oudier tanks. three conr.ain bismuth
phosphate process wame and mm contain claddin~ wasle.
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Table B-8. Case 30udier Tanks.

, Case 2 ‘Sr oudier tank HDw groups
Case 3 ‘;TCsoutlier HDW groups

rank
1. I 1

it-m \MAX !T-102 :Cw i

/c-lo7 Ilc ;C-105 iCW
I

IAN- [05 ISA iC-103 34X ~

[C-no IIC !C-106 ilNCX I
\BX- 112 !lC ITY- [02 fN(4X I
IAP-102 IN(X IT.LLI !2C

Potential Improvements. By reducing tie numixr’of % audier mlcs. tie Case 3 set of
esnrnates represem.s a siqiricam improvemem co the modeI. The ‘Sr c!adding was~e tank
ouriiers were eiiminared and che lSTCSciadding wasre oudiers were r~+uced 50 percent.
L ~icmunately. che improvement for tie bismuth phosphate process waste is not u
encouraging. The numbers of bismuth phosphate oudier tanks was reduced from five co four
for ‘Sr. while che number of bismuti phosphate omiier tanks increased irom one to tiee for
1J7CS.The oppormnity for the largest funher red: m in oudier tanks k with mhancemems

to tie bismuth phosphate process mode!. Tinese rc~~lcs might be ~hqroved by modifying tie
frac~ion preti,pimed estimates and waste sueam split fractions (radionuciide partition fracrions )
for bismuti phospha~e WaSES.

B4.O SOLVBILITY .OJ1.-S- WINT CONCLUSIONS

Improvements in model predictions are mow pronounced for insoluble radionucfides.
For ‘Sr. tie prediction bias W* improved from - : 33 percent low to 20 percent high. The

noise Ieve( was reduced from’ 97 to 0.66. whicn aslates to a 50 percem reduction in

starter. The dumber of unks with ‘Sr predic~ions outside che O.1-co-10-[irnes-sample range
was reduced from i6 co 8. Eighry-four percent of the smpied ‘?3r invemory is predicted
within a facror of four of the sample: and 90 percent k predic:ed witiin a facror of e:gh( of b-e
sample.

Little impact is seqn in r-hemode{ predictions for highly soluble radionuclicies. For
70 ercent low CO26 percent high. Tine noi,~s!5YCS.che prediction bias changed from being . p

measure was essentially unchanged. The number of outlier [arks increased by one. For ‘ ‘Cs.
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76 percent of [he sampled inventories were predicted within a faccor of two of the sample: ~d
90 percent were predicted wichm a factor of fc)ur of che sample.

Prediction biases shifting tiom [OWco high inaicae chat an Wer+ameccion has occurred
and furrher improvements are ?ossibie with be[Ier choices of ffac~ion precipitated solids vaiues.
A reasonable goal might be to ikher adjust the tic~ion precipitated solids estimates to reduce
tie number of ‘Sr or ‘jTCsourliers.

B5.O SEP.UMTIONS PL&YTS P.~TITION FACTORS

Because a !arge fraction oi che oudier ranks contained bismuth phospfla~e process was~e.
an effort was made co improve predictions by aajustmg tie model”s was~e stream radionuclide
- SDIits” for the iismuth phosphate process. These splits are xiled - radionuclide panition
frac~ions- in [he HDW mode!. The original and modified values are shown in Table B-9. The
results from this effon are surnrmuized in Figure B-3. The tanks that are mosdy atiecred by
che revised spiit fac:ors we ‘he umks ‘witha sigmfic~t inventory of ‘Sr. Two tanks with
notabie improvemems are 2~1-BX-i 12 and 241-T- lW. both wuh lCi/l C2 .wasre. The high
‘Sr inventory in runk. J4 l-B-101. sugges~ tha[ tie jpiic for we 224 waste may be je[ coo
high. .

Significantly, tie mean prediction is rIOWbiased just 3 percsnt [OW(compared to
20 percent high wid-iCase 3). Clearly. cmain improvements an be made with bener
modeling of tie iadionuciide split faccors.
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Figure B-: . ‘Sr Predictions Based on :ModiM
process Waste Splits.
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.MPEND~ C

LNCERT.AINTY FROM W.STE COMPOSITION

One source of uncenainty in mnk-by-tank invento~

AVEIUGING .METHOD

predictions is associated with

che metiod used in tie Haniord Defined Waste (,HDW) model (Agnew eKai. 199~ to
generate is tier-med ‘was~ecompositions. In :nis method. tie deniied historical fuei

batch ac~ivicytNe (giving curies in batches of fuei for periods ot one month or !ess) is
suxnrnedover time suans of many years and divided by tie corresponding voiume of
waste generated
concmrmon.”

mdividuai mrdcs

1. Over

(sp&ific

2. Over

. .

over dm time man co calculate an - average derined waste
Tine use of this ‘average conctmrmion in calculating che cufies added CO
ieads co modeling mors. which are che result OFiwo efi-ecx:

a period of several years fue! exposures were increased significmxiy
tiel acuvity in cruries per :MTU incnmsed>. and

?Aesame oueratimz Period separation plant flowshests were :inprowd-.

co significantly reduce tie volumes oi W=e generated pf= -~f~ \ [lce~s ?e~

:MTU decreased).

The combination of tiese NVOtfiects means cha[ acruai wasze composition values
(Ctiliter) have changed significantly over a pefiod of years. The trror occurs because
rhe HDW model assumes a constant average waste rype composuion for tie ?enod.
Tanks riiled eariy in che period have Me:r cxie aaditions ovenximated. whiie *
filled [ate in tie period 3re underestimated.

Tne objec~ive of this sec~ion is co evaluate the degree of emor present in tie
current HDW ,mocieldue to these effecu.

C1.O EV.4LUATIOFJ METHOD

To evaluate tie errors caused by the HDW model’ j method of .0was~e
concentration averaging. “’dns s~d~ first prepared a spreadsheet Iiszing piant discharge
voIurnes by quarrer. These data were xmcted from ihe waste Scams md Transac~ion
Record Summary (WSTRS) database {part of che HDW model).

Second. using this xmer jhee(. Fluor Danie! Notiwest (FD!NW)persome!
derived tiei ac~iviry data for tie M key raaionuciides and consolidated tiese cme
values in[o quafler!y and annual sub-~otals. matching rhe time periods given by @e

WSTRS riie.

c-:
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~ecombined spmatih=[ tien~cula[~ qweriymdad radionuciide
concentrations (Ci/1) in discharged waste bv dividing. che DKPRO curie sub-[ocals @
tie WS’TRS volumes. These quarteriy and”annual concentrations are repofied in
Wootan (1998), and illustrate the time vafiabiiity Of acruril waste concentmlorxs in
comparison co tie HDW rnodei’s consmnt average concentration. This ~aiysis then
calculated ratios of high and low quarterly concaxration values to che HDW modei’s
assumed average concentration. Tnese high. low ratios serve as an indication of the
magfimde of ~~or$ oresen[ h tie HDW modei ‘S estimate of curie IWHICOW fOf.

various waste ~pes and Dardculady for rhose canks w hlch were filkd very eariy Or very
late in tie ‘average was~e- time period. Note. chat this analysis has been developed co

tie point o; bracketing tie generic error for che most highly time periods {year or
quarter). but not to the point of iciemi~ing sp~iiic cuds filled during chose periods.

C2.O RESULTS OF “-AWZIUAGING*’ ERROR Ev.%LUATION

ConcenuaIion ratio values (the tatio of me waste szrenn concenuation to the
HDW moue!”j - average” concentration) are ;ummtized in T~ble C-1. Tine cable Iiszs
resuits for -@-escypicai was[e rypes - First Cyc!e Bismuth Phosphate process waste
gene~a[ed [95(I co !956 (IC2). REDOX hign-levei waste generated i~52 [0 1957 (Rl).

and PUREX high- ievei was~egene.mted 1963 co 1967 (V-). For =ch w=~e “w?e- IWO
concentration ,iaciovaiues are givem-che Quarreriy Low ratio !QL) and tie Quarreriy
High m[io (Q~. Tie table jhows these ratio results for a se!ecmd listing of

radionuc!ides-cyp ically short half-lived fission producru and activation products (these
suffer from greater error), se!emd actirudes. and - all ocher” longer-lived fission
produc~ (these have nearly consmnt low or “tigh ratios).



. .

FP = Fission produc~
pujx = Plutofium-Urafium Excrac~lon

QH =Qutieriy High ratio
QL = Quafieriy Low ratio
REDOX = Reductionaxida~ion.

.Asseen from Table C-1 most
longer lived mdionuclide inventories estimated by

tie DW mode! co be in Bismuti Phos@ace waste rtxeiver tatij mt.dd be
ovemrediczed by a fac~or of 1.9 (1/0.53 =

1.9) or underpreaic~ed @ as much as a

fac~or of 5. depending on when during ‘Je period !950 co 1950 the @ W.S filled.
Because of ics reiaciveiy shoa half-life. che error range for

‘WRUis even larger.

Modei estimates for canics filled with REDOX waste genenced from 1952 to

1957 could be ove~redictig
che longer half-lived radionuciides by a factor of 2.2

them by a factor of 2.4. (:”.- and
l=C* are

~ ~ or unde~redicring(1/0.45 = -.-)

exceptions in ~DO~ w~~e ~~ where the mventorles could be ove~redicted b?

factors of 20 or greater and undeqrediczed by facrom of UP LO~. 6. aepending on when
che canlcwas riiled.

Tanks receiving P2 waste during tie ?eriod 1963 to 1967 could be overpredicled

by factors of 6 and underpredicted by factors ai
2. de~ending on when rdmrmb were

filled. ne ‘=Cm in tiese jame W@ could je overp~edicted by up co a :ac~or of 50!

c-:
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The unctxainry ranges listed in Table C-1 are presemed as an examUle Of che

degree of uncertainty present in modei predictions for ail ws[e cyws. For w single
wa.s[e type jome tanks will &+S;ve w~~e ~a( is predic~ed e~neously [OW: some tanks

will recexve waste chat k predicred e~n~~ly @h: while some tanks Wiil SUR2!Y

receive waste ‘where tie ‘Iverage” concaxrarion is ‘representative of the true
concentration.

These uncmainties related co the HD W model’s waste concentration averaging
method may represent the potemial limits of model “murovement stic~ co imodify tie
model to use a more detailed set of defined wasre compositions (e.g.. ~ separate
camposltion for every quarter or year) may 3e LOOlarge an undertaking.

C3.O .MODEL LINII’I’-4lTONS

The mer&od used to evaluate

FRONf RWIONUCLIDE DEC.AY MIZTHOD

emors associated Witi waste concsnrmuion
averaging has alSOrevealed ocher model linutations regarding radionuc!ides which are
daughters of qarent nuclides such as U. Pu and ND chat are significandy separated
during tieI reprocessing. The uranium. phxonium. and neprunium decay daughters.
u5~. P,Ac.

‘%. ‘~. Y1 ?3. and ‘Tn. are overpredicted by as much as a faccor of
50 in the HDW model. This is a iiirea result of ‘he HDW model perfomning [he
processing separations after “he decay to 1/Ii 1994. rather ‘dmnbefore at che :ime of tie’
separation. Conversely. tie 35U chat builds in from decay of ‘Np is removed aiong
wirh tie rest of the uranium in the HDW model. resuking in a ‘5U prediction low by a
fac~or of S4. Likewise. a low prediction results for ‘8Pu. except to a much lesser
ex~ent. The correction for ‘$;Am build-in horn “tPu decay appears to be ireasonabie.
with a ratio of 1.05. However. tie ‘$].Mnouiid-in from “3C,m is underpreaic~ed by rAe
HD W model. This appears to be caused by ‘he HDW modei applying the “[.= build-
in correction fac~or to boti “1.ti and “3.4m.

These errors are a result of a modei s-inpii@ing compromise hat was designed
into tie interface berween che DKPRO code and che HDW model when radionuc!ide
capabili~ was being built into tie modei in 1996. ACchacrime it was decided to
predecay tie fuel acciviry file (generated by the DKPRO code) to tie date U1/94 to
avoid tnving to build de”dy functions for all radionuclides in tie HDW mode!. [t was
recognized tiat daughters of exuac~ed parent nuc!ides ~mos~ impt ‘axly ‘J’.- the
daughter of ‘“ Pu) wouid be misrepresented uniess a backdecay correc~ion was built
into the HD W modei. .Accordingly, he HDW model has been equipped with a
correction calculation for ‘~1.- but not for other daugMer maionuclides such as %a----
-“ .+C. ‘Ra. ‘m. 51P3. and 5~Tn. The nesd [Oc )m.t tie 1/1/94 decay calculations
for ‘ha. ‘.AC. ‘sRa. ‘~. 21P1. and ‘Zrn was u30ught umksssay. This is ‘because

che need for inventory data an rhese ?arncuiar mciides IS in tie 10.000 year firure: and

C-6



.
●

che future in-growth is determined more by che inventory of heir parents than their
U 1/94 values.

The most imporumt result coming from this simplified decay method is the error
for 21.J. resulting in model inventory predic~ions low by a facror ot S4.
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APPENDIX D

HANFORDDEF’INEIIW.ASTE MODEL UNCERT.~~
EFFECTS-RNMOiWCLmE SOW?CE TERMS

.kw W.MTE TRAA--SACTIONS

The Hanford Defined ~aste (HDW model’s (.@new cx al- 199T main
radionuciide source term is che his~oriml Fuel .+criviry Data File generated by the
DKPRO code (a newly created Fotuan code). Tinis file defines che mries of 46 key
radionuciide in each of 1276 batches of Hanr-ord reaccor iuel. processed through [he
various separations plants horn 19%$tiough 1989. Tne DKPRO calculation”s are
based on a se[ of 0WGEFJ2 :ode (Wimekind i989) runs which predict discharged ?uel
activity for a series of fixed fuel exposure levels and tie! rypes. Tine result is expressed
in uries per meuic con uranium (CiiMTU). I%e oO]ective of this section is co
determine tie accuracy of &ese ~ei activity vaiues as a source term for waste inventory
modeling, and to determine the uncenainry eti-eccon waste invemo~ estima[es.

D1.O SOLiCE TERM LmCERT.m EFFECTS

The uncertainty in the ORIGEN2 code prediction of Hanford fuel activities was
srudied recently by Woocan (1998). Since code predic~ions could not be compared co
amlyzed iuel s~ples or waste sampies (due COche lack of analytical data for all 46
raaionuc!ides). tie approach taken was co adjust Imputparameters for che 0RIGE?J2
code over a cmge Cypicd Ot par3rneIer unc.srcaimy. TWOUses were ~wpicaily l~n. ~ne
tirst case used - rererence”- parameter values which were the basis for che HDW model.
Rev 4 output. The second cxe ‘used‘updated” pammeter values which represent
newer dam for nuciiae prope~ies w a more exacting analysis of average cross-seczion
sets for Hanr-ord reactors. Tine following parameter ~pes were updated:

● lNeutron capture cross sections for actinides and sekczed

. Definition of tiel and cladding impurky values [i.e.. tie
for activation product generation)

activation products

- target- concentration

● Fission product haif-life values

. Fission product yield values.

D-S
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Each parameter rypewasadjus[ed individually codetennine
it’s effec~ on global inventories or on inventories reiated [o srnailer
These effects are discussed below.

the magnitude oi’
ba[ches of tie!.

D1.1 EFFECT OF YEUIRON C.APT’UU3CROSS SECTION LNCERT.~T~S

To assess the effecui of uncertainties in cross secrion data ses. tie MCNP1 code
was used to derive Cioss section vaiues representative of single pass reac~or fuel
elements. and tiese resuhs were compared co reference 0RIGEN2 calculations. The
same single pass reactor tieI -MC.NPmode! “wasalso used co evaluate rJe adequacy of
[he 0RIGE?J2 bio~ cross sections for seiec~ed ac~ivacion producu. .+ revised total
radionuciide invemo~ was recalculated ‘using the new sing!e pass reaccor cross
sections. Table D-1 shows r&eracIo of the revised cocal raciionuclide invemory to che
reference ylculamd inventory.

These”results show chat tie amount of charge in radionuclide inven(op varies
slightly with che processing piam due to che amount oi single pass reac~or fuel
processed in each piant. The Imount of “C. ~g~i. md ‘iNi incre~es @ u? [o

50 percent due to the higher caocure cross sec~ions. The amount of !13mCdand ‘*Eu
decreases by about [3 percenc due to smaller capture cross sections. Smailer
differences in ocher fission producu are likeiy due to changes in tie re!ative proportion
of fission”s from ‘SU. ‘sU.- nd 3’%. with corresponding changes in tie fission
producr yieids ior sensitive isotopes. For tie accinides. tie main dmnges are an

increase in the inventories of ‘~. “IPu. “ZPU. ~d “1.- due to hia~er neutron

capture cross sections.

The accuracy of either of these wo code mns to model the production of E%
it’s ‘% isotor)ic assay was ces~edbv comDaring results to plutonium conversion

and

eauacions for both natural md enriched single pass reac~or fuel for different reactors
(Robiyer 1994). The ?iuton.ium production from the conversion equations reveals a
10 percent range of values among che different fuel and reaccor types. A similar range
of 10 percent or less is found for the ‘~ content. Both the reference single pass
reactor (SPR) 0RIGEY2 cross sections and the MCNP based SPR cross sections
predic~ the plutonium produc~ion within che range of che variation by reactor rype.
However. tie reference 0RIGEN2 cross secrions underpredict the’% content by
about 30-35 percent. while che MCNP ~ioss sec~ions are ‘witiin iO percent of tie

conversion equation vaiues.

‘ MCYP = Monte CM!O>“-?m;c:e transponCode.
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Table D-l. Radionuciide [nven[ory Companion For Single Pass
Reaccor Cross Section Changes.

Ratio =
[nvemow wch Modifkd5ingje Pass Reac~or Cross Secuons

Radioisotope\ [nventorv with Original Single Pass Reac:or Cross %cnons

1.053

SR90 { 0.998 I 0.998 i ().994 : 0.992 \ 0.992

0.993

I SB125 : 0.354 i 0.857 1 0.392 ! 0.990 I 0.989

[~~9 ! 0.985 ~ 0.984 i I),996 ; 0.998 / 0.997

I CSi3 : 0.796 I 0.789 I 0.345 ~ 0.997 ~ 0.997

CS137 i 1.000 I 1.001 I i.002 1 i.002 I 1.002

D-5
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The referents 0RIGEN2 runs (the basis of HDW. Rev. 4 inventories) for singie
pass reactors and Y-reac[or used fixed settings for ihei and c!adcfing i.mpuriry !eveis. In
acmaiiry. however. concentrations of nickel. muogen and 56L.Tin the fuel varied
slgjflc~dv from de 1940”s [0 me 1980’j. The oias in certain radionuciides.
introduced by tie simplifled reference ORIGEY2 sesup method has been dete.rmimd by
generating addirionaj 2EN2 fue! acti.viry fries with modified fuel compositions,
rerlecsing cimedepenaent impurity levels (_WOO= 1998).

Table D-2 shows rhe ratio ot &e radionuc!ide curie invemories in the revised
analysis to che inventories in tie reference DKYRO calculations (Watrous and Wootan
1997) for tie princlpai radionuclides atiec:ed by impurity concaxration changes. The
net effv.t of ‘he urne deoendant nickeI tiDuric? ~Onc=~UOn c~nge is a reduction in

tie %i and %Ji im ties in rhe fuel processed ;dwoug.h B. T. and REDO X. but m
increase in the inver. ,es in .he fuel processed :hrough PtRZX. Conversely. tie net

effect of ‘he time dependent nitrogen impurity is 3n increase in the inventory of ‘ACin
he! tmocsssed through
RED-OX and PG?EX.

B mi T plants. but a recuccion in fuel processed
The rime dependant 2“U concemration results in

D-6
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the ‘~~p iIIVe~COry in fue! ?rocsssed through ~DOX and pL~X. ~e 1.(J ppm of
cobalt added to ail of the iuel increases the inventory ofw~o bYa factor ot 2.6. The
1.0 ppm of chlorine added co the fiei resulrs in the production of approximately 10
Curies of ‘bCl. [This comparison does not appeu in Table D-2 since ‘6C1is not one of
tie idemirkd 46 key Lradionuclidesevaluated in tie reference (HDW Rev. ~) analysis. ]

Table D-2. Principal Changes in Radionuciide Inventories - Ratio of Curie Inventory
Using Time Dependent [mpuriues to Previous [nvemory

{
Yuc!ide ~T-Plant i B-PkIlt ~ .REDOX \ ?L3LEX ~ Total ~

D1.3 EFFECT OF FISS1ON PRODUCT HALI?-L.D?E LWCERT.\IFiTIES

.%previous szuay fWootan 1998) investigated tie effects of using updated values
of seknect half lives on the inventory of key radionuclides. The half lives of che
radioisotopes %. ‘hNb. and ‘:5Sn in r~e ORIGE?L! and DKPRO de~y liiiraries were
modified co rerlecr recent evaluations. New ,measurements in China of che ‘Se haif-
Iife indicate a much longer half-life (4.8 E5 years and 11.3 E5 years. in separate
memuremencs) than previously used (0.65 E5 years J. The new tiaif-life value used was
taken as the average of these nvo Lmemurements. wirh 2n assigned uncmainry of
40 percent chat bounds rhe cwo values. .+ new Chinese measurement of tie ‘‘Sn haif-
life increases chat value tiom 100.000 years to 250.000 years. with an uncsnainty of
9.4 percem.

As shown in Table D-3. tie net effect of the half-life changes is a reduction by a
t’ac~orof 0.40 in the curie inventory of I:5Sn. a reduccion by a factor of 0.08 In the
invento~ or ‘Se. and a reducrion by a faccor cf 0.93 in [he inventory of 9;mYb. The
acnxd amount of ‘% and ‘Se in mms of gmns of maceriai hardly changes. but r-he
number of curies represemed by r~ese amounts caanges by the inverse mtio of the new
[o oId half-lives. Tne uncerramties in the half 1ives translates direcd y into uncertainties
in Curie inventories for these radioisotopes. Tinehalf life uncsnainties for tie ocher
radioisotopes are j percent or less.
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D1.4 EFFECT OF FISSION PRODUCT YIELD UNCERT.MNTXES

Cumulative tission produce yie!ds from ‘S1.i fission (ORIGEN~ da~ librv - no

uncm.aimy information given) have been compared with reference values horn England
(1994) and their stared uncxtainties. This comparison shows chat che 0RiGEN2

prediction of ‘Se. !l;mCd. ‘xSb. ‘2bSn. ‘z~. and jjEu producuon is 10 co 50 percent
~lgh.

D1.;

Predicted yields for the ocher fission produc~s agree within 5 percent.

COMPOSITE BLM

Table D-3 mm.marizes ‘bias Faciors- For 16 key raaionuc!ides mociated with the
four adjusted ORIGEN’2 input parameters. Tine bias factors express tie ra[io of tie
global tune inventory as cAculated witi tie moairied input parameters to r~e original
curie invento~ as calculated by che HDW mode! {Rev. 4). For examule. the row of

bias factors for “C means that the updated curie mvemo~ for “C is 30 percent of che
value yediced by tie HDW mode! (Rev. 1) - tie result of a N percsnt increase due co
adjus[ed cross sections coupied witi a decrease (by a faccor oi 0.~5) due to an adjuwed
rmrgesimpuxiry (-Nitrogen) concentration in the tie!. Foomote symbols in the - otier
Factor- column mdicxite chat there are additional sources of uncmamry in che giobai
inventory.

D-8
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Tabie D-3. Bias in Globai[nvenco~ Values Due to Upda[ed O~GE~2pamerem.

!
!

I Radio- [nvemon ~witiModified 0RiGEFJ2 %arne[ers
Ratio =

lnventoW with Original ORIGEN2 Parameters
Other Factors

isotope

CiOSS Fuel Half-1ife bms j Fission y~e!dbias ?Jotes Cmposlce

senion bias impurity bias

D-9
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Tabie D-3. Bias in Glooal [ifvento~ Vaiues Due to Updated ONGE~”: Parameters.

Radio- Ratio =
Inventorv with Modified 0RIGE?J2 Pwamerers
hwen~oq with Originai OIUGEN2 Parameters

Otier Factors
isotope

1

condensam. wmal unk mvemones are slgmriurulv less.
lb L&ldiuonal luncxuamty may exist. usix:amd wuh losses oi C-l A to atmospnenc =mmlons. The HDw mOdel

wumes 100’% IS rouwd co tank waste.

IC)T’IW 13DW #obai mvemoq for Sr-W may be imsed IOW 5V i& gtxcsn[ the to m(e.mai a.ssurnpuons accoummg for h

o,uanury of Sr-90 sepatated m E Plant md routed [o qxuies. oifstte. GIIanti~sld~is Jnd soiId wastes.

(d)lle EDw giooai mvemo~ ror ~c may k hsed hny by mout 32 percent due m I[”S not accounting ror the

fracuortai separauon of I’c (COthe uraruum product ;l~) mTBP.‘WllZX~d RE!)OX WX=WS-
. :31[o ~tmo~Oher,~:mlssl~nsfrom iilel dissohmofl(eh+dditiortai uncerrmmy may tstst. -rated wth losses or

operauons. The HDw modei (Rev.~}assumesLOO%isroutedcounkWaste.
(~~e HDwgiobai mvemory ior “7(2 mav be bused Shghtiy !rtgir (less dun 2 @$r&-m) due to imemai Usumotlons

acamtmg [or the quanmv of 137CS $qaramd m 9- Phm md routed to capsules. otisIte. @ant ,remauais mcl SOIid wastes.
ig)~e FIDW .giobal invemory for ‘h IS bused by rk:ors of ().03 - [.0 due :0 -y ,~icutatlon Iimwmms and

depending on waste rype.

i,h)The FID~ giooai mvemory for ‘Ra IS biasedbv rktors Of 0.02- 1.0 due co decav caicuiauon limK3Clons m!

depending on waste type.

(i)i%e RDwri”’-.’‘wemopfor27.*cs bl~ ~ ~aUOKof0.03- 1.0due :0 decay caicuiauon Iimtrxlons and

depending on waste Y

ij)l’he 3D\: . mvemop for ‘% N hascd ~ tic’xws or O.!: - 1.0 due to decay ~icuiauon Iimmtiom and

de~nding on waste ;; . .

I k IThe .HD~\ ~ir%al mventop For Xn :S bla w fmars or’o.o I - [ .i) due LOJecav ~icuiation iimlt.uions ~d

dewmuq on waste y:.=:.
tI)The HDG’ ;Iooai mvemop ror Xrmides I~V be SlgnlfiCXLtlV Jncenam due to [heuscoi zporoxima(e

Jccount ior =xwacuon losses or’ U. .Np mt Pu~ 3sswn0tIonsr@Ud COthe tificmcy of U recovery :rom .Meu i

D-10
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The historical waste transfer data file or Waste Starus Transaction Record
Summa~ (WSTIW in the HDW model (A=qew ec al. [997) consis~ of tank till
records with inrornmion exuac~ed from Jun@eish (1982) and Anderson (1990). and
chec!ad by Ogden Environmental and LOSAiamos National LJooratorY (MM-)
against quarcer[y summary reports and the Logbook Dacaset. TineW=e ~ansac~on
records. although kqe!y represema~ive of the was~e hisKones of che tanks. are
nevefieiess incomp[e[e in chat tiere are a number of unrecorded u-ansactions [ha[ have

occurred for many ‘umks. The wase uansaclion repon is a comparison of che tank
vo iume chat is calcdated based on the riil records with che measured vo!ume fOr %lCh

tank. Tnis compzuison is made each quarrer co record my unknown waste tddxdons or

removals chm may have occw’red during che quaner. The largest uncsfiainry in these
records concerns records associated with the evaporator campaigns. The Volume
reductions and continuous trans$ers of concentrates and conciensares tiat occwmd
during these campaigns are not very welI represented in tie waste mmsaction records.
Tcmsac~ions f’rom[he Logbook Dar.aset were added co tie waste umsaction records CO
reso[ve many unexpkined level changes. This unknown transaction resolution was onJy
completed for ai! unhowns [arger than 190 kL (5O k@.

Tnere were volume reductions among che S and SX Fmn tanks in the ~950’s and
early !960’s. These losses have been miouted to REDOX was[e se!f concentration.
PURJX process wastes ‘a tie .%and .%YFarm were self cancmracimg. but unlike che S
and SX ‘cinks. it is assumed in the HDW $40del that no salt c~e was formed by this
concentration process. Sluic*@ of .Aand .+X Finns resulted in many unrecorded
cransacrions . These mnsacrions were resoived in tie HDW Model by creating”
cransacKionsbetween ranks and the siuicing receivers in che A md .AXFarms.

In this smdy. several emmples were found where tie HDW Modei is not
cons istent with tie process rlow sheas and sample data from some tanks. The HDW
,Mode! mums chat a subsrantiai bismur-h inventory e~isrs in several of the BY Farm
ranks (241-BY-104. 241-BY-105. 241-F3Y-106. 241-BY-107. 241-BY-108. and
241-BY-110). The sample data and process tlow shee’~. however. indicate cha~Iirde
bismuth was added co these tanks. In another example. the waste ‘mmsac~ionrecords
show chat tank 241-BY-1iO received 1C was~edirecdy from [he BiP04 process. FirsC
cyc!e (1C) waste contains a Wsrantiai amount of bismuti. but the rnuluple core
samples from tank 241-BY-110 indicate chat there is very [itde bismuth in rhis tank.
The sample data suggests chat tank 241-BY- 1!0 must nave been tie third rank in ~ three
tank ~=de of 241-BY- 107.’241-BY-lO8/24l-BY-l 10. (n i-hiscase. tie waste
transaction remras are noc cmsistem with tie s-pie data and mus~be changed to
improve tie reiiaoiiiry of che HDW .Mouei.

~-l!
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Site historical records were reviewed by Ogden Environment.aI coconrirm the
reliability of was~e transiers in tie HD W Model. ogden con.ilrmea about 60 percent of
the waste cransiers from the separation plants to tie primary receiver cads. ~d aOOUt

57 percent of tie transfers and receipcs between um.lcs.The remaining uansfers were
creaced in tie HDW Model to match !mown or suspmed transfers and waste inventory
or level memurements in the t-anics. Whiie many of these u-ansfers may have occurred.
small errors in the transaction m.ords can lead co substamiai mors in estimating the
inventory of trace anaiyres Such as %r. Tnese emors are W@ to have a subs-tantiaily
larger affect on the ~ccuracy and reliability of the mode! than one might assume based
on tie smtistid uncsrmmy criteria imthe model (95 percent confidence interml).
Based on our iesuki to date. it ~opem chat tie sampie dar.a can be ‘used :ogecher w~ti
che HDW .Moael resuks co identify and correcr cmain discrepancies in the waste
cransac~ion records.

D-12
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CHEMICAL .kNMYTE PREDICTIONS

The Hanford Defined waste (HDW) model (Agnew et al. !997) is cumendy
being used to distribute most of che radionuciides co Haniord tank waste. WiIe che
Hl) W ,model appem co generate represematxve radionuc!ide groriies for ~OS1 tanks.

these profiles are essentially based on [he same se[ of records that were ‘used COproduce
che chemical invemo~ estimates in [he FfDW model. Wxwse of ex~ensive care
samp[ing, ~a representative Jacabase now exists for many of ‘Aechemiml anaiytes in che
rank waste. Tiiese dara have been used [o conscrucc Cernplatesdxat represent ‘he
composuion of common wastes in Var.ous tanks. However. tiese data a “oe‘used to
tes~ che accuracy of. or to identi~ deficiencies in. che .HDW model for various groups
of can.ks. Tinepurpose of this exerc;se is co not only :esr che accm-acy of tie HD W
model h aho identi~ chose arem where che ,mode!could be irnprov”txlfor bener
radionuciide invento~ estimates.

Bismuti was chosen as tie exampie anai~e because ~ mbsuintiai amoum of core
sarnpie data exists for rchisanaly~e 3nd oniy a few was:e ~~pes(or sue3ms) are !Gnownto
have cancained a sigificmt mount of jismuch. These wasie streams inc!ucie [he firs~
cyc!e (IC) and seccmd cycle ~2C) waxes tiom che 9ismuch ?hosphate process (B and T
planes). Because flow Sheet records 3re also avadab[e. bisinuch can be used u a ne
eiement coestimate che equivalem amoum of waste. on a metric Consof uranium (MTU)
basis. added co each of LC or 2C wasre receivers (tanks 2~1-T-LW. 241-T-107.
Y1-B-I 10. and 241-B-111). Bismuth estimates can be a useri.dbasis for judging che
reliability of che wwe cransaccion recwds tor che IC and 2C was~e receiver.

E1.O COMP.+R.ISON OF THE HDW MODEL TO MMPLE DWIN’I’ORY
ESTEVMTES FOR BISMUTH

Best-basis inventory es~imaceshave been deve!oped for all of che sing[e and
double-shell arks a( Hanford. Many ot tiese estimates are based on sample derived
estimates developed from core sample data. Bisinuch results tiom. this samp[e
population are summarized in Table E-\- Tlnis cable inc!udes @ chose tanks with a
projec[ed inventory of at ieast 500 kilograms of bismuth GO ‘Mcs). These tanks
collective y contain 3bOUI 70 percent 0[ :Ae roial bismuth inventory. Tab Ie E-1 also
provides a summa~ of che HDW model predictions for these ‘nnics. Tinese predictions
we based on cwo different seu of soiubility wsumptions (as defined by split factors or
fraction prec:uitated esnmates $or tiismutil - ne hrst set of @it faclors (Case !) was
derived ~rom‘[heassumed solubilicy iku[ for BiP04 tO.O@ moles
model uses :his Soiubilicy limit co compule a vecmr containing che

per !iter). Tine HDW
fmc[ion prec:picaced
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~. The s~andard tlacrion precipitated vec~orderived from che
is shown in Table E-2.

The second set of volubility assumptions is based on using a common split fac~or
for all of che HDW. In essence. tiis involves shurting off che minimum solubiliv limit

for bisrnudl and manually encenng tie chosen spiit fac[or in che fmction precipinted
matrix of the iL)W mode! \ axmnon vaiue or 0.98 was chosen for Case ~. Wir.h this
assumption. roxirnate!! d percent of che olsmuti would be expected to repon to the
solid phase aiid ordy 2 percent COthe liquid or supernate phase. [n HDW Rev. ~
model. che ihction precipitated solids ior lC1. 1C2. ~Cl. and 2C2 m ~679.0-679.
0.606. md 0.241. respectively. When these Fac:ors me increased co 0.98. one would
expecr co see a much larger quanriry of bismuth assigned to chose tanks with a
suosrantial amoum of 1C md 2C waste ~urecipitmed sludge ). ~nese tanks are
24 I-T-104. M1-T-L07. 24I- B-L1O.anf 41-B-111. The results Forboth je?,sof

soiubility assumptions are shown in Fig&;e E-1.

Fi.~re E. 1. fi[io Of ‘HDWModel co PSSI Bas~s [nvencoqf Predictions for Bismuth.

Cm.e 1 (.Srandard Fraction Precipi. ~.ed %nmates) and Case 3 (0.98 Fraczion
Prec;piued Estimates).
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Table E-1. HDW LJ@deland Best-Basis Inventory PredicCiom ior Bismuti.

) W Model ?nxlic:ions Based m j[anaard Fraction Pnx:ouated and 0.98 Frac[lc
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Tabie E-2. Fraction Precipitated Estunues for KDWRev.4 Model [Case 1) and
For 0.98 Fracrion i?reciuirated (Case 3. <I ‘HDW Rev.4

j waste 0.98 %lCtiOll
~ule HDW Rev.4 ; 0.98

Fraction FmCrion ~ Fracrion
Precipitated Type~ Type

, ?mciuitated, Precipitated ‘Preciuitatedl
1 .Mwl ~ 1 0.98 :SRR \ 1 0.98 I
~~~~ ~ ! 0.98 :CSRin : 1 0.98 i

I lC1 i 0.5795 / 0.98 CSR i O 0.98 I
I 1C2 ! 0.6791 ~ 0.98 !DE ~ 0.98 !

I 2C1 ~ 0.6063 ~ 0.98 :CEM ! 0.98
I 2C2 ; 0~41 ; 0.98 ~NIT ! 1).98 ~

?-4

I 0.3363 1 0.98 {salt I 1; 0.98
‘slurry

i LW-IBP! 0.98 ‘Dw ~ 1 0.98 j
lpF~C~l ~ (3:97 i 0.98 .N ~ 1 0.98 !

~?FKN2 ! 0.697 I 0.98 ! B!n ~ 0.98 I
: TFeCN 1 ~ 0.98 !3-sltc!! i 0.425 0.98 I
~lc~~c~l 0.715 : 0.98 T1 in \ 0.98 !
! R1 : 1 0.98 :T~+Jt~ 0.2317 0.98 i

W:l 0.98 Rin 0.98 ~’

‘ CWR1 1: 0.98 Rsltck ‘ o 0.98 :
~cml 1 ~ 0.98 , T~~i 0.98

1 I 0.98 I

PI 1“ 0.98 T2-SltCkl O ‘ 0.98 !

P2’1 , 0.98 ~y~ 0.98 f

;=’!
I

0.98 ~ BY-
1

0! 0.98 j
~ ma1 !

~PLl!L’ {),98 ! ~~~; 0.98 !

‘CWP1 I ~ 0.98 “sl-sKk: () 0.98 !
Cwni 1 ‘ 0.98 ~~~i 0.98 !

\cwzrl: 1 : 0.98 S2-YtSlr: 0.559 0.98 t
~oww~ (-j ! 0.98 ;.+l in: 0.98 ~
i Omz I
~ !O1

0.98 \ .Al- 0.:94 ~ 0.98 j
i Sltck I

:ow~~ () 0.98 : ,~~~ 0.98 {

z~ll 0.98 ~ .+2- I O , 0.!38 ;

‘Cdx I
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Table E-2. Fracrion Precipitated Esrixnams for HDW Rev.4 Model (Case 1) and
For 0.98 Fracrion Prec kaced (Case 2).

HDW Rev,4 I 0.98 ~
Wasre
Type

BP
!Ncolx

Fraction Fraction \
Precipitated !Precipitated

0.98 ;
1! --

lBL:ii 0.98 I P.%SF\ I J 0.98 !

I

301. 0.004
limit. lo!

! moles/1 , [ I

This figureshows tie ratio of HI) W model co best-basis inventory estimate for all

of the ranks in the sample popuia~ion. Data points re?resentinsj tie HDW, Rev.4
.Model are based on soiubility derived fracIion prec:piuted estimates. (’Case 1) wtie tie
aiterna~e dara representsa I@orm iraccion precipitate estimate (O.98) for all Zm.ford
Defined WasKes(Case 2). .= shown by ‘&ispiot. che results are tssemiaily
indistinguishable ikom one another. Fraction ?recipitimed exirnams chosen for Case 2
(0.98) ;iave very Iirde effect on the output of tie model compared to estimates for
Case 1.

This non-linear response is due to otier kamres in the mode! which limit che
disrriburion of analyres to che soiids. In addition COtie solids layers defined in che Tank
Layering -Modei(TLM portion of che HI) W Mode!), che HDW ,Modei also defines a set
of supernaKecontiburions in che Supernate :Mixing ~Model(SMM ~omion of tie HDW
Model). Projected sludge and mpernate volumes are used. together witi componem
volubility limits. fraction prec:pi~led m-irnmes. liquid void haction. solids voiume
fraction and densiry estimates to generate a liquid/solids split for each component by
waste type. Component conuiiiur.ions are then summed in a linear array co produce che

total inventory esrirna[es for the rank. When &action precipitated esrimates are

increased, as they were in Case 2. che model continues to alloca~eeach componem co
tie supernar.e, up to irs defined solubiliry lirni and then to che solids. The solids
concmxraaon is directly proponioml to tie volubility value due co the conniioution horn
intersririal liquid. buI inverseIy propornoml to r~e solids volume fiction for -hat wasre.
If the supemate volume is Stil and solubiliry limit low, most che material will be
allocated co che soiids. u in Case 1 from tie previous wunp[e. When the frac~ion
Precipitated estimate is increased. as it was in Case 2. model response may be very. .
small becmse most of tie material has been allocated co
remains in tie supernate for redistribution to the soiids.

the solids and very licrle

E-7
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E2.O IMPROVINGEDW iMODELPllEDICTIONS FC)R BEW.fC~

Several otier adjusunen~ were made in order to i~rove tie predictive
capabilities of the modei. These ad@srmencs ;mciude inodi&ing -de bismuth source
[e.rms, the soiubiliry limits and tie waste uansac~ion records for cauin Irallsfers. The
HDW rnodei. for example shows that substantial mount or’bismuti resides in me BY
Farm (“mtanks 24 I-BY-106. 241-BY-107, 241-BY-108 and 241-BY- 11O). T%ese cardcs
were previously included among the ferrocyaxlide watclmitxcaxdcsbecause Of the
ferrocyanide (rested LHVI%P WaSESthey contain. Scavenged UR WaS@WaSrouted [O
several ranks in tie BY Tanic Farm in the 200 iZMK.tiea (?4I-BY-106. 241-BY-L07,
741- BY-108, or 241-BY-11O) (’Borsheimand Simuson 1991). Some of this shdge was

also transferred co ranks 241-B’Y-104 and Z41-BY~105. This jiudge. which was derived “
horn BiP04 meral wasre. is known as PFeCXl and P%CX2 waste in tie KDW .A40del.
According to the BKM Elowsheet (Schneider i95 1), the cnerd waste ticrion only
contained about 642 kdograms of bismuth. The HD W -Mode!. however. ‘mdicms WE

~37. 700 kilograms of bismuth exist. mostly in tie form of PFeCNl md P%C?42
wastes. in ranks 241-BY-104, 241-BY-106, 241-BY-107, 241-~Y-~08 and 241-BY-11O.

CIe3riy, this is an txamuie waere tie HD W model predictions are aoc consistent
with che BiP04 flow sheet. o; witi sample dm.a from runic24 l-BY-110. The ti
characterization daraoase for unit 241-BY-110 conrains more ‘Aan 1,i 80 data points for
bismuth. inc!uding duplicates, jta.tldards and spike rmovery samples. All of the
analytical ;ampies appear co be x tie minimum detection lirnn for bisinuth. inc!udi.ng
those fkom fusion analysis and acid dissolution of tie core segment md composite
samples tkom cores 103. 107 and 113. The analytical resuks ~e consistent with BiPO~
flow sheel and rank rransacrion Lv.ords, which show chat very [icrlebismuti was added
to these tanks. In this case, it ~ppears chat tie ID W inodei seeds co be revised co
berter retkcs the acmal invemory of bismuth in the ‘xmks. W-aen tie PFeCY 1 and
PFeCX2 bisrmuh concentrations were reduced to zero, HDW model results were found

to be consistent with sampie results for mks 241-BY-104 md 141-BY-106. DUt QOC
with sample data horn mks 241-BY-107, 24 I-BY-108 and 24 I-BY-11O. These

discrepancies are important because they highiight potential probiems wirh tie modei or
problems that have occurred in developing the Besc-!3asisInventory [BBI)tstimaces for
r.hese tanks.

According to tie BBI, ~umk241-BY- !07 mrrendy concains i70 kilograms of
bismuth. This estimate is based on tie composition of BY salt cake because anaiyrical

resulrs for tie care composites were found to be at tie analytical de:ecsion limit for
bismuth (less dmn 2,000 micro- per gram based on fusion analysis of the two core
composite samples). In addition co salt calce, LX. PFeCN 1 md PFsCYZ waszes. G@
241-BY- 10’7aiso received a small ~ount of lC waste, wh.ich conrained several
?Aousand kilograms of bismudl. lf the bismuth concenuation is assumed co be at tie
analytical detection [imit. che ?roj=’=d inwamory could be a high as 5. i ?0 kilograms.
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This value is generaily consisrem wirh che BiP04 fIOWjfiet esrima[e of 9.800 kg for
the 241-BY-1071 241-BY- 108i241-BY-i 10 cascade. and aiso appears to be a berfer
match for ‘de HDW -Modelderived es~imam of 1,493 lciiogaIus of bismuth. This

example is of interestbecause it shows &ow rhe HD W mode! can be used co improve

‘de quaiity of tie Bes~-i3asis Inventory estima~ for cemti.n analyres ineasured at the
analytical detection limit.

A parallel siruation is also apparent for rank 241-BY-108. The majoriry of tie
bismuth malyrical dara appears to be at tie anaiyncai dettxxion limit but these values
were USed [O ~rima[e tie BBI for “@s ~ [o be less ~ &M ki~og-~. me “DW

mode! cumemly esrimams an inventory of only 6 !cilograms of bismuth in this auk.
This discrepancy highiighrs one of tie potential problems with the HDW .Modei.
Aname!yche accurate identification of sludge layers in various :zmks. Tanks 241-BY-107
and 241-BY- 108 were opera~ed as a ~cade during rhe recs:p( Of lC Was[e ~ 1952. ~

the HDW Modei, ir is assumed r.har none of tie !C waste was carried over co che
second ‘u@ in che cascade (241-BY-108). Sample results. however, suggest otherwise
indicating a small but measurable amouru of oisrnurh !aderxiC waste in 241-BY-108.

Tank cransacrion records show @ 241-BY-110 received about 2.755 kL of iC
wasse ‘m~951 and 1952. In tie HDW .Model. rtis transfer is assumed co be a direc~
mnsfer tiom B-glam. Based on the projtx’td unount of bismuti in che i C waste.

some 6.871 IMograms of bismuth jhotdd have been added co &Is rank and other
downs- * ~ r~e cascade. Tne HJ)w ~~e~ gene~~d a pl-edi~rionof
2.330 !cilograxnsof bismuth in this tank. .Wytical results. however. show chat only
abotu 50 to 200 kilograms of bismuth were ~dded co chs tank. based on tie anal@cal
detection limir of acid dissoluuon samples ikom three core composites. in ‘tis case,
there appears to be a significarx discrepancy berween the HDWmodel and sample
results for tank 241-BY-1 10.

The ,HDW model rehs extensively on che tank inventory records deve!oped by
.tiderson. especially for undocumented uarkers chat occurred in the late !940’s and
early 1950’s (~derson 1990). For ark Ml-BY-110. Anderson shows tit tie iniaai
rransfer of lC waste occurred duxing che fourth qumer of 1951. This period
corresponds to the time frame when tanks 241-BY-107 and 241-BY-!08 were also
being fdled wirh lC waste. However. che low bismurh inventory in rank 241-BY-110
Suggesrs chat this canlcmay have been operated as the third rank in r~is cascade. .x che
chkd rank in che cascade. 241-BY-110 would have m.eived veq~ lirde oisrnuch horn lC
waste. In this case. tie waste transaction records used by the HDW ,model are not
consistent wirh sample results and thus may be in error for dlis tank.

Several paramemrs were subsequently ad@sred- inc!uding chemical source term
estimates. to improve the i%berween r~e model and sample based tsdmates for tie
bismuth. The results are shown in Figure E-? (w~r.ha corrected sample value for
241-BY- 107). This fi[ was obtained by increasing che amount Of bismuth in !C i waste
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This bismuth UIal k!uded 30 jing!e-jhe!l anks fSSTj) wirh 1 ;arnple-based
~mvento~ of ~C!em 500 !dogams of Jisinurh ~ch. ~ne ~djusmd NDW mode!
?rovided esrimxes wirhin -.I’- XI ?e.rcxxuof tie jar@ie inventory ior U ?ercsm of ~he
umks. md escimams wi~ -i- LOOperc=m of de sample ‘mvemory for 93 percsm of
tie umks.

E3.O COi’Y@.MUSONOF KDW .MODELTO SAMPLEINVENTORY
ESTIMATESFOR >X-90
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Rewslou U+

Kl) W amdei m-edicrions in Figure Ed were ;@roved ;ma wirie~ of ways. ‘
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wasms have “he Same composlaon yorile. Since wuious camconems ;ede at difi-e=nt

races, depending on the sohbiliry and Stie of grec@ita~es duu r. SOrmed.che
downmearn ~knks prooab[y conrain a sludge tia~ is diffemx in cmnposition tom ‘he

sludge in che y%xa,ry rw.s:ver ‘GIIJ6. For some radionuciiaes. such u %r. tier

precipitation grocssses in tie yeeencs of fenc iron may be more inqormc in :Ae
pr+rn=~ seeding :anic dun in one of tie aowmrrcxlm ‘X Where kss iKXl [s :xpe.:ed
tie wasre. ~o-precipitation with iron X.mid ~ias tie e.w=.b “-d dismbuuon ~artezl ior

‘Sr. [f orgtic cornpiextms m ?reeex. a @XiiiC311Cticaon 3[ ~~e%r migilc 30C
preti.pitate even ‘m Lie ?resence of iron. C!IeruSrr? condiuons in he m!! can have m

;kqorant 2fi”e-: on ~he bekavior oi ncs rxiionuc tides. For ‘iris reason. one jhoui~

aiways iry :0 :~iibrace both tine mode: ma unaeriy@g assumptions ‘m‘&emoae! witi
sampie dac3 from Lie ‘arge: ~nrlispopuiarion.
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The HDWModelu be used in a vaiery of ways co nuionaiize tie disrriiiurion of
cracs ,mdionuciicks. CoteSKtie consistency of sample based esrimaes. or co Cesttie
validiry ~d ~~~ Of tie WWE ~ac~on ~~ofi for ~~~n r~- ~~e ~O@ ~

also be ad@sred co minimize possibie dis~epancies beruexm modei and sampie derived
estimates. With ~mchad@sunenrs, tie mode! cm be !usedco produce LmOrereliable

predictions for tiose tanks wuh cmunon waste :ypes cha[ have doc been sampled. Since

many of :&se ad@rnenu “mnbe dso made for analyms wfiere tie sanmle data exis-d.
it should be ?ostio le to dor the model ouqxu for =mups of radionuc!ides ;dmcekuioiz

cmnrnon ckmi~l behavior. For example. ‘Sr cauid tie used co sixnuiare tie behavior
of insolubie ,nuiionuciides. >mchM tie acuniaes. ‘w”% could ~e ‘used for he se.mi-
joiuble radionuc!iaes: and ‘rCs could be ‘usedco simuiaze the behav~or of joludie
raciionuc!ic This approach wouid pesurna’ oiy kad co a bener tiiscriiourionof rhe
mdionucik-. A signikmtly improved tank inventory yedi~~ons.

.
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