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HAJ.WORD DEFINED WASTE MODEL
LlMITATIONS AND Il\1PROV&\1ENTS

1.0 INTRODUCTION

1.1 BACKGROUND: RECOMlWE.L'IDATION 93-5 Il\IfPLEl\Ii&""TATION PLAN

On September 9, 1993. che U.S. Deparonent of Energy (DOE) accepted Defense
Nuclear Fadliries Sajery Board (DNFSB) Recommendation 93-5 (O'l.eary 1993).
Recommendation 93-5 ncres chat chere is insufficient tank waste cechnical inr"onnation
co ensure chat Hanford Site rank wastes can be safeiy stored. chat associated operations
can be safely conducted. and chat furore disposal data requirements can be met.

I

Since Recommendation 93-5 was issued, significant progress has been made in
understanding cank 5afecy-related phenomena. resolving cank safer)' issues. and
enhancing che capabilities and efficiency of tank waste characterization operations.
AccomplishmentS in ~ach of these areas led co the realization chat~ safer)' issues can
nO[ be resolved solely by accelerating rank waste sampling and analysis activities. It
was decided mat che key co resolving safety issues is co beru:r understand safery- related
rank waste phenomena.

A revised characterization and safety strategy was developed in May of 1996.
This revised strategy. DOEiRL 94-0001. "Recommendation 93-5 Implementation Plan.
Revision 1," (DOE-RL 1996) is a multifaceted approach consisting of numerous
activities. In generaL the primary focus is on maintaining canks in an interim
contiguration using sarety measures. engineering conn-ols. administrative procedures,
and mitigative actions. Key elementS of the approach include sampling of High Prioriry
Tanks, )aiety screening sample analyses. qualification of rotary :node core sampling,
and determination of tlammable gas concentrations and che presence of organic
solvents.

Section 5.6 and Appendix J of me Recommeruiarion 93-5 lmplemencarion Plan
discuss completion of rank waste sampling and analysis in accordance with the Tank.
Characreri:.arion Technical Sampling Basis (Brown et al. 1998). Sampling and analysis
plans focus on providing the highest priority rank waste infonnation by imposing a
multitude of Tank Waste Remediation SYStem (TWRS) Data Qualiry Objectives
(DQOs).

Section 5.6.3.1 of the Recommendarion 93-5 lmplemen.rarion Plan lists milestones
for addressing DNFSB concerns regarding tank waste charaCterization and safery. One
of the milestones. 5.6.3.l.i, requires issuance of mis report addressing "Updates to the
Tank Contents Ylodel or Derine Limitations of the Model." Other related DNFSB
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milestOnes chat have been completed in prior fiscal years include 5.6 ..3.l.d. -Update
HistOrical Tank Coment Estimates (HTCEs)" and 5.6..3.l.f. "Provide SWldard
Inventory Estimates for all Tanks...

1.2 WASTE CHARACTERIZATION Al'ID SAFETY STRATEGY

Hanford's single- and double:'sheU tank wastes are diverse due to numerous
processmg operauons conducted over me past four to rive decades. This diversity of
processing operations. coupled with incomplete records of tank waste transfers over the
years. creates a complex challenge for tank waste characterization. This situation is
complica.ted by limited riser locations for sampling, incomplete core r-ecovery during
sampling. and spatial variabiliry within the wastes.

A fundamental step in tank waste characterization is the development of an
approach for acquiring tank waste samples and eValuating tank waste information. In
an unconstrained environment. standard tank waste sampling schemes (random grids.
sequential sampling, e!c.) could be implemented to reduce uncertainties associated with
estimating tank waste inventories. However, me~ waste sampling situation is lIighly
constrained at the Hanford Site. As a result. a meaningful, statistically defensible
picture or"~ waste inventories cannot be provided through sampling alone.

Consequently, tank waste samples cannot be considered in isolation. Numerous
sources of tank waste information exist. and must be considered in conjunction with
sample results to develop a more morough understanding or" tank waste inventories.
These sources of information include process flowshee!S. chemical use records.
material purchase records. waste tranSfer histories. surveillance measurementS.
numerical model predictions. and other sources of tank waste data.

Two key sources of information used in determining tank waste inventories are (1)
the analytical data from samples of cank wastes, and (2) numerica.l model predictions of
tank inventories using the Hanford Defmed Waste (HDW) Rev. 4 model (Agnew et a1.
1997). The HDW model estimates tank inventories based on historical waste
processing records. Engineering assessmentS are also performed (0 determine tank
waste inventories. The engineering assessmentS are based on process b.istory and
evaluation of samples from other tanks be!ieved to contain similar waste rypes (i.e.,
tank groupings and associated waste rype templates). Although engineering assessmentS
utilize process histOry, some inpUt assumptions (e. g.. t10wsheet basis) may differ from
those assumed in the HDW model if the revisc:d assumptions are believed to be a better
representation of the actual situation.

.,-
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1.3 BEST-BASIS INVENTORY ESTIMATES

DNFSB milestOne 5.6.3.1.f. "Standard [nventory Estimates for ail Tanks." was
completed in August of 1997" These standard inventory estimates. more commonly
referred co as the Best-Basis Inventories (BBIs). indude 25 chemical analytes and "46
radionudides. The chemic:ll analytes and radionudides comprising the BBls were
determined following review of applicable TWRS programmatic DQOs. The BBls
were generated on a cank-specific. as wen as global basis. and represent gre:lter than
99 percent of rbe chemical mass and radionudide activity in Hanford r.an.k wastes. The
global inventory ~srimates include five additional chemical majytes chat were
introduced during fuel fabric:ltion. fuel fission and activation. chemic:ll process
operations. and chemical lmpurities.

The BBls are based on acmal sample results. when the data are available and
deemed reliable. [n the absence of acmal sample results. engineering assessments are
conducted co ~xtrapolate knowledge gained from sampled canks co canks believed co
contain similar waste types. [n the absence of reliabie sample results and a basis for
engineering assessment extrapolations. HDW model (Rev. 4) (Agnew et al. 1997)
inventory predictions are used. During the development of me SBls. all sources of
c.ank inventory information (sample results. engineering assessments. and HDW model
predictions) were considered md reconciled against one mother co lITive at the best
estimate of cank waste lnvemories. This methodology is discussed further in Standard
[nvenrories oj Chemicals and RadiC?nuclides in Hanford Sire Tank Wasres (Kupfer et aL
1998).

This report addresses how the lnrormation gained from the sampling and
analysis of high priority canks has resulted in updates co the HDW model. Existing
limitations of the HDW model are also discussed along with proposals for additional
model enhancements co improve me model's predictive capabilities. where warranted.

lA EVALUATION OF THE T.-\J.'fK CO['lLENTS MODEL

The quality of HDW model predictions must be assessed co ensure me credibility
and defensibility of model-based predictions of cank waste inventories. The histOrical
infonnation fonning the basis for the HDW modeL although extensive. is still
incomplete. Furthennore. certain assumptions regarding waste :onrent and behavior
are embedded within the HDW model's architecture. Tne reSUlting model-based
predictions of rank waste lnventories contain pocenrial inaccuracies mat need co be
better understOod and quantified. This report discusses me results of HDW model
evaluations in each of the following areas:

Inom infonnation. Evaluate source cerms. solubilities. solit factors. rransaction. .
records. and other key input data necessary for predicting cank waste inventories.

3
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Assumptions and sensitivities. Evaluate me physical : ':hemic:u constraints
imposed by embedded modeling assumptions and determint: :n.e model introduces.
dampens. or exacerbates variability in me cank waste inventOly ~timares.

Output comparisons and uncerntinties. Compare sampling data and model
predictions to examine model ac::uracy. and evaluate uncertainties associated with
process and analyte solubility variations.

[n addition to mese areas of evaluation. a Histon"cal Model Evaluarion Dara
Requiremenrs (Simpson and McC.lin 1997) Data Quality Objective (DQO) document
was prepared in suppon of tank waste sampling activities. This DQO is being used to
obtain information through selective cank waste sampling to refine common waste cyp,;;
compositions (waste templates) and quantify uncertainues in tank waste inventory
predictions.

1.5 CSE OF THE T.-\!'lK CONTEJ.'ITS MODEL; HDW MODEL (REV. 4)

~~n me HDW model was initially developed. mere was a concern that
individ~. .mk-by-lA.D.k inventories could nOt be well docwnented. The original
intended use of me HDW model was to 9rovide a tank-by-tank estimate of me cank
chemical inventories. Since that time. me tank-by-c.ank estimates have been developed
using sample data and process mowledge. Currently. me pri.mary aeed. for me HDW
model is to estimate me cank-by-cank disai.bution of radionuclides.

[e is generally preferable :0 base~ waste inventories on acrual sample results
when me data are available and deemed reliable. This includes ~xtrapolations of
sample results from sampled to unsampled canks if me process history and waste
transaction records suggest that me tanks contain similar waste types. With some
exceptions. tank waste samples (panicu1arly core samples) appear to be representative
of me tlowsheet of me waste separations process. In me absence of reliable sample
results and a sound technical basis for ~xtrapolating sample results from one earn: ~o

another, me HDW model provides a process history-based prediction of indiviQ:....:J. tank
waste inventories.

Although sample-based inventories are preferred. engineering ass~sment-based

inventories provide an important verification functicIl. [t is possible for sample-based
inventories to be biased as a result of limited :iampling loc:uions. poor sample recovery.
and :ipatial heterogeneities within the waste. Engineering assessment-based inventories
provide a process tlowsheet or 5imilar waste-type comparison to determine if sample­
based inventories are me best representation of rank comentS.

Comparison of sample-based and engineering assessment-based inventories with
me HDW model predictions c:m be very useful. yfajor differences in me inventories
predicted by me various methods could result from biases in me sample results.
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variations in assumed process fIowsheetS. or invalid assumptions used by the HDW
model. Experience has shown chat some defined waste compositions used by the HDW
model differ from those derived from c:ngineering assessmentS or indicated from sample
dara. Also. assumptions in the HDW model regarding component solubilities and
existing waste cypes in the tanks. sometimes differ significantly from chose assumed in
engineering assessmentS or indicated from sample data.

For the 25 chemical ana1yt:es comprising the BBl. sufficient analytical information
is usually obtained from sampling the rank or can be extrapolaced from samples from
tanks conraining similar waste cypes. to estimate rank inventories. More chan
90 percem of me coral chemic.a1 mass is detennined by chis method. Consequently. the
HDW model is generally oce needed for chemic.a1 lnvencory :stimates. but is often used
for comparison purposes.

Tne cocal (global) radionuciide inventories presenced in the che HDW model are
based on the ORIGEL'f2 code (see Section 2.1.5 and Apppendix 0 of chis report). The
HDW model is used primarily co distribute radionuclides co lndividual canks. The BB!
radionuciide invencory currently consiscs of~ radionuclides. Some of me
radionuciides are well represented by sample data. cypically IlOSr . i~7CS, :41.-\m. :::i9124Opu.

coral alpha concent and cocal uranium. One application of dle HDW model in generating
BBl values is che calculation of the distribution of uraruum and l1pha isocopes. That is.
cheisocopic distribution of uranium predicted by me model is normalized co the uranium
chemical inventorY determined bv samole analvsis. and isotooes of Pu. Am. lnd em

~ ~.. ~ ..
predicted by the model are normalized co the coral alpha invencory determined by
sample analysis. Some sample infonnation is also available For iOCo and ~c. The .
remainder of the radionuclide inventory estimates default to HDW model values. Some
of che radionuclides for which lime sampling data ~xist (e.g.. ~c. 126Sn. 79Se, and
others> are critically important from a safecy risk and perfonnance assessment
perspective. even though they represent a relatively small portion of the radionuciide
inventory (by activity).

A representative database for chemical analytes contained in the ranks l:1as been
developed as a result of extensive core sampling in roughly 100 Hanford Site single­
shell ranks (SSTs) and double-shell W1lcs (DSTs). This chemical analyte database has
been used co constrUCt engineering estimates of the composition of common waste cypes
(waste templates) found in the can1cs. The Tank Layer Model (TL\1) portion of the
HDW model is used in conjunction with these composition estimaces as che basis For
inventory estimates of ranks wichout sampies. Since the information used by che HDW
model co predict c.hemical and radionuclide inventories is rypicaHy based on the same
set of historica.l records. it is possible co test: me validity of the HDW model for various
groups of ranks. The objective would be co nor only Lest the Validity of che HDW
model. bue also identify areas where chemical analyre inventory predictions could be
improved and used for bercer radionuclide inventory estimates ti.~ .. chemicJ.l analogs

5



HNF·j2jJ
Revision OA

mat mimic radionudide behavior). This is discussed further in Appendix. E of crus
report.

1.6 IMPACT OF NOT USING THE HDW MODEL

The pOtential impact of not using the HDW model mayor may not be
significant, depending on the analyte of interest. L~ss than 10 percent of the chemical
inventory is derived from me HDW model. Totai radionuclide inventories are
currently available from ORlGEN2 data and DKPRO analysis. The r:ank-by-~

distribution of ~Sr and mes are weil understood from sample anaiysis mdprocess
history based engineering assessmentS. Uranium isoeope disnibuuons may be iess
precise than current estimates if the HDW model were aoe used. The cank-by-~

disnibution of most radionuclides would be impossible [0 prediCt in the absence of me
HDW model.

6
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2.0 HAJ.'1FORD DEFIl'iED WASTE MODEL DEVELOPMENT

2.1 THE HDW MODEL

All insighrful first Step in the characterization of cank waste is me compilation and
evaluation of historical infonnation regarding me waste-generating proc~ses and me
rransr'"er ofwaste materials co and from ranks. This historical information provides a
sound basis for a "'first Ipproximation" of rank contents chat can be compared co acmal
cank waste sample results .

.-\. more complete description of rank contents was developed from historical
records (Historical Tank Content Estimates. [HTCEsD co meet DNFSB milestone
5.6.3.l.d. The HTCEs included all contributing waste streams for <::lcn cank co predict
an overall rank waste inventory.

rn order co prepare me HTCES, the following major casks were completed:

• Chemical compositions for 48 process waste srreams from four separations
plants. several different radionuclide recovery operations. and -:ight different
evaporator campaigns were derined (HDW. Agnew e[ aL t996).

• Fifty years of process history and more !:han 40.000 documented cransactions
were organized into a sLrucmred database (WSTRS, Agnew et.al. 1995a).

• Volumes and locations of the various process wastes in me rank fanns were
estimated (TL\I{, Agnew et aL 19950).

• Compositions of concentrated and non-concentrated supernatant mixtures
were calculated (Supernatant :Mixing Model (SMM1, Agnew et al. 1996).

These four cask areas were integrated into a model for estimating me chemical and
radionuclide compositions of me 149 SSTs and 28 DSTs. This fully integrated model is
referred [0 as the HDW model.

2.1.1 HDW Model- Rev. 0

The HDW model was first used [0 predict chemical and radionuclid.e inventories
in N'orJIeast and Southwest quadrant canks in June of 1994 (Rev. 0). The ~or..he:lSt

quadrant includes tanks in 241-.-\.. -A.-X. -B. -BX. -BY, and -e rank farms. The
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Southwest quadrant inc1uQ;:;;, tanks in 241-$. -SX. and -U rank farms. Revision 0 of the
HDW model assumed single waste cypes for 5aiteake and sait slurry.

2.1.2 HDW Mode! - Rev. 1

[n the Fall of 1994. Revision 1 of the HDW model wa.o;; used to predict the
chemical "l1ld radionuclide inventories for all SSTs (Northeast..\formwest. and
Southwesi quadrantS). CheYIllcai and radionuc1ide inventories in the double-shell canlcs
(Southe:lSt quadrant) were estimated in March of 1995.

The major difference between Revision 0 and Revision 1 was the addition of
process vessel corrosion so~ terms (Fe. Cr. and ~i) and a source term for hard
water (C3.). Revision 1 also blended ail ~vaporator c:unpaigns into multi-year
composites. The evaporator blends were an improvement over the single waste rypes
for saitcle and salt slurry assumed in Revision O. The evaT''''Citor blends provided
good representations of Lhe toW waste generated during a C lign and overall waste
volume reduction. However. one of dIe oroblems with Re' In 1 was chat it calculated
iJiCS and ~Sr inventories roughly 20 pe~ent trigher than would be expected.

2.1.3 HLW Mode! - Rev. 2

RevislOn 2 of the HDW model was issued in the Winter of 1995 (Agnew et aI.
1995c). 111e five later evaporator c:unpaigns were expressed on a rank-by-cank basis
using the Supernatant Mixin? Modei (SMM) to predict Waste concentration histories
through each of the evapor:.:.~( .:ampaigns.

A Revision 2. 1 was issued to correct problems with the calculation of water
content and toral organic carbon (TOC). Revision 2. and it! :c::ssor Revision 2.1.
improved the mCs and ~Sr inventory calculation dericiencies Inherent in Revision 1.
Revi~ion 2.1 also included chloride and pocassium source (enns mat are affected by
sodium hydroxide additions. Several other changes were rr.o" e inciuding the addition
of a mercury source ce:m for the fuel decladding process. Sl~:>ht adjustmentS to the
wastes generated by the uranium recovery process. and realignment of the first- and
second~yc!e bismuth phosphate process waste campaigns.

Revision 2 also reduced the process vessel corrosion source terms for early
bismuth phosphate wastes and decladding wastes. TIlls reduction in corrosion source
terms was consistent with the fact that bismuth phosphate and decladding waste
processes were much less corrosive than either the reduction and oxidation (~.)OX)

or plutonium-uranium exrraction (Pl.J'"RE.'X) pt;OCesses.

..,ite improvementS made in Revision ~ and Revision 2.1. problems still existed
as ; .: .)f incomplete waste cransaction records for later evaporator campaigns and

3
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resultant impac:s on the distribution of waste conc~ncrares. Most nOtable were
problems with chemicaUy impossible over con~ncration (e.g.. Na in ~xc~s of
l6 moUl) while slurry rec~ivers were more dilute chan expected.

2.1A HDW Mode! - Rev. 3

Revision 3 of the HDW model was issued in May of 1996 (Agnew et a1. 1996).
Extensive modifications of me WSTRS dataSet oc~urred 15 a result of adjusting
evaporator transactions to blend on a quarterly. or ~ven tiner time sc:l!e. [mprovemems
In the cransaction records were possible through me discovery and incorporation of new
~vaporator logbook datasetS. An extensive set of reportS addressing 242-S and 242-A
evaporator operations were also uncovered and mcorporated. Unrornmately. detailed
information regarding 242-T evaporator operations was Lacking.

The malyte list included ~ radionuciides CJ7Cs. QOSr . :J9pu. lnd :J8U) and 33
nonradioactive chemical species (Na. Ai. Fe. Cr. 8i. La. Hg, Zr. Pb. Ni. Sr (stable),
Yin. Col. K. OH. nitrate. nitrite. omonate. phosphate, sulfate. silic:1te. F. O. citrate.
.:myLenediaminetecraacetic lcid [EDTA], hydroxyemyLetl1yLenediaminetriac~tlclcid
[HEDTAJ, glycolate. acetate. ox:l!ate, dibutyl phosphate [DBP], butanol. ammonia. and
t'errocyanide). Five waste properties are also included (densiry. wt% water, wt% TOe,
sludge void fraction. and beat load).

A..nalyte inventories change very Little from previous versions of the model. Most
notable were changes in Pb. Mn. and oxalate inventories. The Pb inventories increased
by aimost twO orders of magnitude due co me inclusion of me Pb coating that covered
e:lch fuel slug. An error was discovered in the Mn concentration in PtJREX organic
wash wastes during the 1963 to 1967 time period. The correction of chis error reduced
dIe Mn inventory by a factor of five. The oxalate inventory mcreased by a factor of
chre~ as a result of a decrease in the assumed iolubility Limit.

2.1.5 HDW Mode1- Rev. 4

The current version of me HDW model. Revision 4. was issued in January of
199i (Agnew et a1. 1997). Two primary modifications were made in this version of the
model. First, the number or radionuciides with predicted inventories was expanded
from four [0 46. Sc:condly. calculations of analyte variabilities for each cank based on
process and solUbility uncertainties were included.

Tne historical Fuel Activity Data File generated by the DKPR01 comouter code is
me HD W model" s orimarv radionuclide sourc~ ::erm. rnis file determines the activiry .. .

, DKPRO is a compute:- code ror :1dio8Cnve decay and iC?aranODS processing.
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in terms of curies, for me ~ radionuclides tIl ~ch of 1,276 batches of Hanford reactor
fuel processed chrough me separations planes from 1944 rbrougil1989. The DKPRO
calculations of radionuciide activity are based on ORlGE.:.~2.z com-puter runs chat predict
discharged fuel activity for a series of fuel exposure levels and fuel cypes. Tae output
from che DKPRO computer code is expressed in (erms ofcuries per fuel batch.
Revision 4 represenes the first attempt at carrying radionuclides dlroug.Q reprocessing
for uranium recovery and B-Plant Sr/C3 campaigns.

Revision 4 also addresses cwo sources of uncertainty resulting from process and
solubility v:ariaeions. Tne variation of 33 processes is calculated 3.t -+01-1.00 Relative
Standard Deviation (RSD) to generate cwo scenarios. Two separate scenarios are also
calculated for 24. analyte solubilities chat are varied ~ 3. group by ~i-LOO RSD, along
witb 16 analyte solubilities chat are varied independently for 32 additional scenarios. in
ail, 36 scenarios of me 48 HDWs provide 1,ns variations for each lnalyte in each cank
at ,;,,/-1.00 RSD. Maximum and minimum variaeions are selected from lltis set co
represent -+o! -1. 00 RSD (67 percent conndence interval). Another l.ns variations are
calculated for me -+0 i-i. 96 RSD. Their ma.:<.imum and minimum variations chen
determine me ~/-1.96 RSD (95 percent conridence interval).

2.2 HDW MODEL (REVTSION 4) USER INTERFACE

The HDW model may be useful fur predicting me chemical and radionuclide
invemories in Wl!cs where :10 sampling results exist or where a basis for engineering
assessment extrapolations from similar canics is noe possible. In an efforr La maximize
che [1exibility of che HDW :nodel and ~ily accommodate changes in model input
parameters and assumptions, a HDW model user interface was developed during Fiscal
Year (FY) 1998.

The user interface provides on-line interaction with me HDW modeL It is wncren
in Visual BasicJ for Applications. me standard macro programming language for all
Microsoft Office~ applications. Three Ylicrosoft Excel) workbooks and one dynamic
link library tile were developed co facilitate access co, and manipUlation of, HDW
model input parameters and assumptions.

Once the user interface is accessed, a series of tabs are provided co make changes
in the HDW model inpUt parameters and assumptions. A "Gc:neral" tab includes
options for automacically adjusting the fraction precipitated in me HDW modeL
establish the run date for inventory estimates. che~k for values exceeding user-definable

: ORlGEN2 (Oak Ridge Isotope Ge:terationl is a computer:ode.
J Visual Basic is a tr~cie:nark or ~ic:osoft C0l"?Oration.
~ Mic:'osoft Office is 1 :r:u1emarkJr ~icrosoft Corporation.
; Microsoft Excel is 1 trademark or ~icrosoit C0l"?Orauon.
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limits. and generate a log flie of changes co me HOW model input parameters and
assumptions.

A "'Solubility Limits" cab enables changes co solubility limits in one of cwo ways.
First. solubiliry limits can be set for a given chemic:ll analyte. Secondly. me fraction
precipitated for e:lch HDW waste cype can be set individually. When a chemical
analyte or HDW waste cype is selected. me corresponding values ror che species are
displayed for me supernatant and sludge concentrations. The traction precipitated can
be adjusted automatically as changes are saved if chis option is selected under che
..General'" cab.

A "Process Chemic:lls" cab lilows dete:mination of chemical and radionuciide
concentrations for each HDW waste cype. Chemic:lls can be added co each of the
HDW waste cypes. If a chemical and associated waste cype is calculated by
spreadsheetS embedded within che HDW model. men a message will be displayed
indicatIng chat the value cannot be changed.

A "WSTRS Transaction" cab includes options for editing, inserting, and deleting
transactions from che WSTRS dataset. Waste cransacrions lI"e displayed on a quarterly
basis for J. given cank and year. [f a panic:.l1ar waste transaction is labeled 15 a "send"
or .. receive". tilen me corresponding cani(s 'Naste rransacnons will be displayed with
me sendJreceive cransaction highlighted. Although 1 great deal of flexibility and
freedom are provided with respec:: co changing WSTRS cransactions. mere are certain
restrictions based on cransacuon cype and wherner it is an edit. insertion. or deletion.
For example, the volume percent mlids and solids cype can oniy be accessed for the
addition of primary wastes from a processing plant (:tin. always positive) or a transfer
from another cank (rec. always positive). Tnis cab also contains me option co create a
"virrual leak tank" co crack aU cran.sactions designated as c.ank leaks.
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3.0 Lll\1lTATIONS AJ.'ID ACCURACY OF HDW :vlODEL - RAl)lONUCLIDES.

The HDW (Rev. 4) model and it's supporting codes. DKPRO and ORIGEl'\f2
were used to predict cank-by-tank inventones for 46 key radionudides as well as
.. global" inventories for ail 177 tanks. These predictions contain various degrees of
error in the form of (1) general biases deriving from the calculation of curies per ton of
uranium fuel. and (2) cank specific errors related to the difficulty of modeling in-tank
chemistry and ~-tO-tank waste transfers. The following sections are presented to
describe the magnitude of uncertainties in me HDW (Rev. 4.) model" s prediction of
global and mdividuai cank mventories. A major objective is [0 identify the degree of
model lIDprovement mat could be gained by various modifications to the modeL

I

3.1 GNCERTAThTIES AFFECTING GLOBAL INV"&'ITORY YfODELING

The current degree of bias in Rev. ~ global values has been ~valuated via a
sensitiviry study in which individual input parameters. used in the supporting ORlGEN2
code. were updated. ORIGEN2 code input parame~ers were ldjusted to account for
recently updated data libraries derining (1) nuclear cross sections. (2) the time
variabiliry of cer..ain uranium fuel impurities which serve as carget ~udides for
activation prOOuc: generation. (3) radionuciide half-lives. and ;.\.) fission proouc: yield
facmrs. These four parameters all arfec: the ORlGEN2 code's prediction of
radionudide activity in fuel that entered Hanford separations plants. Appendix D gives
details describing the results of individual parameter adjustments.

HDW model Rev. 4 global inventory values also contain uncertainties related to
fractional losses of certain radionuclides that occurred dur'.ng fuel separations
operations (i.e .. losses to atmosphere. process condensate. and prodUCt streams). rn the
HDW model many of mese loss effects are (conservatively) negleCted. For me
~xtracted "prOduct" elements (U. ?U. Np) the model has used loss factOrs containing
uncertainties. wttich really c:mnot be charac:erized until additional tanks are sampled
and analyzed.

Table 3-l summarizes -bias facrors'" for 46 key radionudides associated with me
composite effect of adjusting dle four ORlGEN2 input parameters. The bias factors
express the ratio of the global curie inventory as calculated with updated input
parameters to the original curie inventory as calculated by the HDW model (Rev. 4).
For example. the bias facror for :..C means that the updated curie inventory for '~C is
80 oercent of the value oredicted bv the HOW model (Rev. 4). Comments in me. .'
"Other Factors" .:olumn indicate chat there Me additional sources of uncer..ainry in me
global inventory related to proc~ssing losses and decay calculation limitations.
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Table 3-1. Uncertainty tn Global Inventory Values.

H3

Composite
bias ,al

0.99

Other uncertainty fac!Ors

ITae HDW model assumes 100% of muum in fuel is

I
, routed co rank waste. Due co losses co atmosphere and

condensate. lCma! c.ank: inventories are si~ficantly less.
C14 0.80

C060 ., .-.. /)

~I59 1.13
N163 1.35
SE79 0.042 •

0.092
SR90 0.99

I:~ddiQonai uncertainty may ~xist. associated with losses of
. C- t4 co atmosuhenc emissions.

i The HDW global inventory for Sr-90 may be biased low
! by 14% due co internal .1Sswnptions accounting for me
Iquantity of Sr-90 separated in B-Plant and routed co
! ·:aosules. offsite. clam residuals and solid wastes.

Y90 0.99 I
lR93 1.00 j

~~m 1.00 I.----:--------------,.".------TC99 1.00 i Tae HDW global lnvemory for ""7c may be biased high by I

i about 32% due co it' s not accounting for me fractional
I seuaration of Tc (to the uranium product Stre3II1) in me
I •

: 'lranium recoverv. PUREC and REDOX orocesses.
(

RUI06 1.00

CD1l3m r 0.66
SN126 0.26 ·0.32 :

SBl25 0.85

1129 O. i6 : .-\dditionai uncertainty may exist. associated with losses of
; ::9'£ co aanospheric emissions from fuel dissolution
Ioperations. The HDW model assumes 100% is routed co
I cank waste.

CS134

CS137

BA13'im :

SMU1
El"152
EU15d.
E'L7155

1.00
1.00

1.00
1.06

0.91
0.39
0.9:

Tae HDW global lnventory for IJ7CS may be biased
siigbdy high (less chan 2%) due co internal assumptions
accounting for me quantity of tJ7Cs separated in B-Plant
and routed co capsules. offsite. plant residuals and soiid
wastes.
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Table 3-1. Uncertainty in Global Inventory Values.
Comoosite !

b
·' lal I Other uncertainty factorslas I

R.A226

RA228

AC227

TH229

1.00

1.00

1.00

1.00

1.00

1.00

,: The HDW global inventory ror ~Ra is biased. (see note a)
I by factors of 0.03 - 1.0 due co decay calculaaon
I limitations and deoendine on waste (Vpe.

d C

• The HOW global lnvemory for :..:!Ra is biased by facrors
! of 0.02 - 1.0 due co decay c:LIculation [imitations and
! deoendine on '~aste rvue.

( ±

i The HOW global inventory for :':iAc is biased by factors
: of 0.03 - 1.0 due co de"'..ay calculation limitations and
~ denending ·~m waste cype.
I Toe HDW global inventory ror :.:m is biased by factors of
I0.14 - 1.0 due co decay calculation limitations and
i denending on waste C)'oe.
I Toe HOW ~Jobal inventorY for .:J2Th is biased bv ractors
I - ~ ~

I of 0.01- 1.0 due co decay c:LIculation limitations and
; deoending; on waste cvue.

« '

i The HOW global inventory for uranium may be
! signific:lI1tly uncertain due co me use of approximate
[ tactQrs. which lc::oum for ~xt:rac:ion losses and
; lSSumouons related co me efficiencv of U recoverY from.. ~.

: y{etal Waste sludges.
(j~-"'" 1.00~.J.J

U234 1.00
U235 1.00
U236 , ,-....)

U238 1.00
~37 0.72

..

..
j The HOW global tllventory for lleprunium may be
: significantly uncertain due co the use of approximate
! faCtors. which ac::ount for exrraction losses.

I PU238 0.95 i Toe HDW global inventory for plutonium may be
: significantly uncertain due co the use of approximate
I
: factors. which account for ~xtraction losses.

PU239 0.99
PtJ240 1.36 ..
PU241 1. 13
PU242 1.li ..

.-\.,.VC41 1. 18

.-\.,.'v{243 LO;
C:VC42 1.00
CYl~,.13 1.01
CM244 1.01

, ­...



HNF-3273
Revision OA

Table 3-1. Uncertainty in Global Inventory Values.

C.Jmposite '\ Other uncerta.inry faCtors
bias II ,

'-'.,:omposite bias representS the ratio of (Inventory with updated ORlGEN2
paramett:rs)/(lnventory with original ORlGEl.'J'2 parameters).

3..2 ONCERTAINTIES AFFECTING INDIVIDUAL T_-\.J.'fK INVENTORY
MODELL.'iG

This smdy assesses uncenainri .<;: :~ rank.-by-tank inventory predictions in three
ways: (1) by analyzing che broad cr '~on Jerween model predictions and anaiytical
values for a set of 60 sampled and ( ':..1 ::.anks. (2) by systematic:J1ly adjUSting
various paramete:s in ::he HD W me·..:,;: I.such ~ ~hemic:J1 and radionuclide solubility
factors) to (est ::he degree of match ~e[Ween model and predictions and measured
inventory for se:::cted ::ank.s. and (3) by comparison co independent c:J1culations. The
tank. selec-::ion in-:-!'1des ~7 core sampled SSTs and l3 DSTs with sample values ~ of
t994. me last I:' ·.:.;,ction date, in me model. Lae second assessment uses systematic
adjustmentS of .'. ,:vUS parameters in me HDW model co :- - we::he match oetwe:n
model predictions and measured (analytic:J1) values tor ~_ 'i.l\;uiar problem or "outlier"
ranks. The mird ~sessment ~valuates the degree of tank prediction ~rror resulting from
che HOW model's method of waste concentranon averaging. Results from assessment
(1) define me overall model-versus-:iarnpie .:r:or. Results from assessmentS (2) and (3)
identify certain sources of error in ch. .vdel and their contribution (0 the overall error.

3..2.1 Sixty Tank Broad Comparison

The analysis shows the degree of mismatch between the Rev, -+ model (Agnew
1997, A.ppendix E) and measured resultS for key radiol'!' ::s. [n chis discussion.
measured can.k inventory values are assumed co be the m. valid. These comparisons
have been evaluated by simple "scatter plotS" in Appendix A. The scatter plOt for
137Cs indicates a relatively good match between model and measured invemory for
Hanford's nighest inventory tanks (such as 24.1-AZ-101 and -102); model/measurement
ranus vary from O.J. to 2. For lower inventory ranks. however. (tanks containing less
than about 100.000 Ci of mCs) the model versus measurement unceI""..aimy becomes
relatively large: mode1Imeasuremen: :-::.~ios vary from 0.015 to 50. The average model
prediCtion for these 60 tanks appears :~ be biased 20 percent lower than the average of
measured values.

16



HNF-32jJ
Revision OA

The scatter plOt for ~Sr. which is considered co be an insoluble fission product.
indicates good agreement ,or the isolated. aging waste tanks (:!.41-AZ-LOl and -lO2).
but even greater scacrer (than for IJ1Cs) for other tanks containing less man about 6
million curies. The average model predic:ion for mese ranks appem co be biased
33 percent lower than the average of me measured values.

The scacrer plOt for !41.A.m. an insoluble actinide and major alpha emitting
radionuclide. indicates a relatively poor match betvleen model and sarnpie
measurementS with 1 strong bias reward low predictions; a significant number of
predictions.were round co be an order of J'lagnitUde low.

Scacrer plotS are also provided ror 6OCO. ~c. and :J9pu (see Appendix AL Other
radionuclides either have QOt been measured or coo few me3.SUremenes have been
obtained for a meaningful comparison. Thus. predictions for other radionuclides can
only be inrerred from me scatter observed for 'lOSr. l37CS and ~4t Am.

There are certain reasons for me observed mismatch between model and sample­
based estimates. For ~Sr md l!rCS. me mismatcll c:m be craced co dericie:1cies In me
HDW model's solubility parameters. radionuclide split factors (i.~ .. fractions leaving
fuel processing planes In different waste sa·earns). solids carryover fractions in cank
cascades. and me WSTRS data rile (historical Waste Lransfer records). The data scacrer
for ~41 Am and me associated bias can be craced ro additional factors-me .. Derined
Waste Concenrration" averaging error (see S~c:ion 3..2 ...L) and perhaps ~o malytical
accuracy. [Note that dle mode!' s bias coward low predictions may be only partially
explained by the use of outdated cross sec:ion data (see Appendix D).]

3.2..2 Uncertainties Due To Solubility and Panitioning Factors.

A sensitivity stUdy was perrormed re identify the cause of certain errors and
improve model perrormance related re the modeling of radionuclide chemistrY in me
rank environment. As described in Appendix B. solubility or fracnon precipitated
solids parame:ers were modified to becrer reflect me JOSr and !

J7Cs chemistry for each
HDW cype. The model was updated with these parameters and me resultS were
compared with sample values for 60 can1cs. The ~Sr predictions were improved
50 percent while the overall accuracy of \37CS predictions did not ::llange. While these
modifications did nOt prOVide as much improvement as expected. dley did reveal mat
most of me problems seem re be associated with Bismuth Phosphate Process waste and
cladding waste.

, -
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To investigate me pOtential for improving cank-by-tank inventory predictions, the
HDW model was compared co sample based ~rimates for bismuth and 90Sr (see
Appendix E for derails). The bismuth erial included 30 SSTs with a sample-based
inventory of at least 500 lcilograms of bismuth each. These ranks collectively contain
about 70 percent of the total bismuth inventory at Hanford. The HOW model was
modified as necessary co improve the fit between model and sample based escimates for
chese canks. Tae revised HDW model provided escimates within -1- 50 percent of the
sample inventory for 73 percent of che ranks. and ~rimates within ~/-LOO percent of
the sample inventory for 93 percent of the ranks. A 5imilar study was also performed
for 4.7 single-sheil canks with sample derived 'lOSr inventories (Best-Basis Inventories).
Tae results show that the revised HD W model provided estimates within
~1-100 percent of the sample estimate for 66 percent of the ranks, and ~stimates within
~/-2oo percent of me sample estimate tor 80 perc~t of me ranks (38 OUt of J..7 ranks in
me sample were high. these deviations clearly exc~ded the 95 percent confidence
intervals (Cn defined in the HDW modeL £Ii other words. me 95 percent CI in the
HDW model does not cru1y represent me wide range of variability found in the ~Sr rank
population.

3..2.3 Uncertainties Due to Waste Transaction Data Base Errors

Based on the results of solUbility sensitivity smdies described in Section 3.2.2
(i.~., prediction errors for :J1Cs do not appear to be C3.used by solubilitY effects), it is
believed that the Waste StatuS and Transaction Record Summaries (WSTRS) may be a
major cause of modeling inaccuracies (Appendix D) .

.-\pproximately 60 percent of me WSTRS cransactions have been investigated and
verified against historical records. Transaction records prior co 1980 are incomplete as
a result of unrecorded waste transactions in many or the ranks. From 1980 co
January 1, 1994 (the cutoff date for the HDW moden, waste cransaction records were
maintained in suppOrt of Operational Waste Volume Plojections (OWVP) and are
considered co be complere. Additlonal waste cransactions have occurred since
January 1, 1994, that are oot currently induded in the WSTRS data set. However,
these cransactions are well documented in suPPOrt of annual OWVP preparation. A
cask co develop a waste cransacrion mechanism will be initiated in FY 1999. This waste
transaction mechanism could be used co update me WSTRS data set to include all waste
transactions since the January 1. 1994, cutoff date for the HDW model as weil as future
waste cransactions in support of c.mk farm oper:uioDS, canlc waste retrieval and disposal.

.-\n extensive ~ffort would be required co research archived historical waste
handling records in order to improve me completeness of the WSTRS data set for waste
transac::ions prior to 1980. Although many of me canks have been sampled, providing
insightS imo tank waste layers and associated waste cransactions. there ll"e numerous
instances or incomple~e core recovery. rn CJ.Ses of incomplete core recovery. chere is
reliance upon engineering assessmentS of process flowsheetS. ocher historical

13
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information. and HDW model predictions co infer me narure of UDSampled regions of
cank waste. Expansion of the WSTRS data set for cransactions prior [0 1980 is
currently planned as a FY 2000 wk.

3.2A Uncertainties Due to Model Methodology (Waste Averaging>

One source of uncertainty in t.ank-by-mnk inventory predic:ions is associated with
the method used in the HDW model co generate irs derined waste compositions. In this
method. the detailed hisrorical fuel batch activity nie (giving c~ries in batches of fuel
for periods of one month or less) is summed over time spans of many yem and divided
by me corresponding volume of waste generated over chis Lime span to calculate an
"average derined waste concentration." The use of this average concentration in
calculating me curies added to individual tanks leads [0 modeling ~rrors. which are the
result of cwo ~ffecrs:

I) Over a period of several years fuel exposures were incre:lSed significantly
(specific fuel activity in curies per yITU inc:-eased). and

:) Over me same operating period separarion plant rlowsheers were improved to
significantly reduce the volumes of waste generated per yITIJ (liters per :\t(T0
decreased).

The combination of these cwo dfecrs means that acmal Waste composition values
(Cilliter) have changed significantly over a period of years. The ~rror oc:urs because
me HDW model assumes a constant average waste cype composition for me period.
Tanks filled early in the period have their curie additions overestimated. while tanks
fl1led lare in the period are underestimated.

A.n analysis by WoOtan (1998) characterizes me magnitude of these errors present
in the HDW model's estimate of curie lnvenrory tor various waste types and partIcularly
tor those tanks which were oIled very early or very late in dIe ··Jver::lge waste·' ~ime
period. NOte, that this analysis has been developed to the ;>oinr of bracketing the generic
~rror for the most highly affected time periods (qUarters), but not to the poinr of
identifying specific tanks filled during those time periods.

Results. detailed in Appendix C. vary by waste cype and by radionuc!ide half-life.
For ~xample:

• Most longer lived radionuc1ide inventories estimated by the HDW model to
be 1Il Bismuth Phosphate waste receiver tanks could be overpredicted by a
factOr of 1.9 (liO.53 = 1.9) or underpredicted by as much as a factor of 5.
depending on when during the period 1950 to 1956 dle rank was filled.
Because of irs relatively short half-life. me er.-or range for I~U is ~ven

larger.
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• Model c:stirnates for canks filled with REDOX Proc~s waste generated from
1952 to 1957 could be overpredicring the longer llalf-lived radionuclides by
a factor of 1.2 (1I0AS = 1.2) or undet'l'redicong them by a factOr of 2.40.
e41 Am and ~$4Cm are exceptions in REDOX Process waste canks where the
inve::uories could be overpredicted. by factOrs of 10 or ~ter and
underpr:dicted by factors of up co 4.6. depending on when che cank was
filled.)

• Tanks receiving PUREX Process waste during che period 1963 co 1967
could "'e overpredicted by factOrs of 6 and underpred.ic~ed. by factors of 2.
depending on when che canks were filled. The :$4Cm in these same canks
eouid be overpred.icted by up co a factor of 50.

These uncertainry ranges are presented as ar. example of the degree of uncertainry
present in model predictions for all waste cypes. For any single waste cype. some tanks
will receIve was"e chat is predicted erroneously low; some c.:mks will receive waste chat
is predicted errl. llSly high: while some can1cs will surely receive waste where the
.. average ~ conc:. ~tion is represeoLltive of the crue concentration.

10
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..to SU1\llMARY ANTI RECOMMENDATIONS

DNFSB mileStone 5.6..3 .1.f.. "Standard Inventory Estimates for all Tanks.. ·' was
completed in August of 1997. These standard inventory estimates. more commonly
referred co as me BBrs. lnclude 25 chemical analytes md ~6 radionuc!ides. The BBrs
were generated on a cank-specific, as well as global basis. and represent greater chan
99 percent of :he mass and radionuclide activity to Hanrord lank wastes. During the
development of me BBrs, all sources of cank inventory inronnation (sampie results.
engineering assessmentS and invemory predictions from the HD W model. Rev. ~) are

considered and reconciled against one another to arrive 3.t the best estimate of::ank. waste
inventories.

S~tion 5.6.3.1 of the Recommendation 93-5 [mplemenrarion Plan lists the
milestone 5.6.3 .l.i. which requires issuance of chis report lddressing -Updates co the
Ta.nk Coments Ylodel or Derine Limitations of the ModeL - Validation and review of
the HDW model. Rev. ~, bases were part of me BBr dfort in FY 1996 and 1997. This
S~tion rommanzes the resultS of the review and provides the conclusions and
recommendations for pQ[~ntial furore updates co the modeL

DNFSB y(ilestone 5.6.3. 1. i requires that :he qualiry of HDW model predictions
be assessed to determine the credibility 10d defensibility of model-based predictions of
tank waste inventories. The reSUlting model-based predictions of cank waste inventories
contain pQ[ennal inaccuracies and limitations mat need co be beITer understood and
quantified. rne HDW model evaluations focused on e.:lcn of the following areas:

• [nput information. Evaluation of HDW model source terms. solubilities,
split factors. cransaction reCords. and other key input data necessary for
predicting i:3.I1k waste inventories.

• OutpUt comparisons and uncerrainties. Comparison of sampling data and
model predictions to examine model accuracy and evaluation of uncertainties
associated with process and analyte solubiliry variations.

This report defines uses and limitations of the HDW, Rev. 4-, model. and lists
pOtential means co improve me lc~uracy of the HDW model in prediCting me chemicals
and radionuclides in Hanford tank wastes.

4.1 VSE OF IIDW y{ODEL

The HDW model supports the 8Bl effort by providing the basis for distribution on
a cank-bv-;:ank basis for radionuclides that were nOt renresemed bv samole data. The

J '"' ...

mode! also provides 1 basis for :omparison with proc~ss t10wsheetS (waste composition
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data). process waste rypes, volumes and compositions of dIe waste rypes. and
evaluation of waste cransaction data. '

~.2 LlMITATIONS OF THE HDW MODEL

Tnis effort: identified severa! limitations of the HDW model. The significance of
these limitations must be assessed by me data users, i.e., the deve!opers of che
performance assessment (P.'\), Hanford Tank rnitiatives (HTD, vadose zone stUdies,
and Final.Safety Analysis ReportS (FSARs).

The model can be highly variable in accuracy of predic~mg cank:-by-cank
inventories at chis time..\n evaluation of bismuth indicates mar the HDW model
predictS the crue bismutllinvenrory within a factor of ten for most ranks.

The model frequently provides ~timates for 90Sr and mCs mar fall within one
order of magniroae of me measured. value. The measured range of vaiues is over six
orders of magnitude.

The model frequently provides ~rimates for ~c chat fall within (WO orders of
magnirode of che measured. value. The' measured range of values is nearly four orders
of magnitude.

Tae HDW model. as 1 predictor of the total (global) waste inventory. is much
more accurate than it is for tank-by-tank. inventories. For example, wttile me HDW
model's prediction of iIidividual tank tJ7C.i inventories can be uncertain by up LO a
factor of 10 or more. the model's prediction of global l3'iCs in all tanks is likely
accurate co within 15 percent. A similar level of global inventory accuracy can be
expected for most other non~xtractable, non-volatile fission productS.

Global predictions for ~c are estimated to be accurate to widtin about
30 percent-this greater uncertainry being reiared co che uncertain fractional separation
of technetium (to the uranium product stream) in various fuel separations processes.
For activation productS mat have resulted form poorly characterized impurity levels in
reactor fuel. the HDW model's prediction of global inventories may be even more
uncertain. (Radionuclides in this category are lOCO, 14C, j~i. and oilNi.) For
radionucIides that have seen sigmrlcant. yet poorly derined. chemical separation from
the waste streams eH. \"C, c::9t). me HDW model's prediction of global inventories may
also be significantly high.

~.3 IDEYfIFlED Il\1PROVD1E.~lSTO HDW MODEL

Pm of a major update for use in a revised HDW model was already lccomplished
in IT 1998. The DKPRO code was LUll co create an uodated Fuel Activirv File. In FY. .

... ..,
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1998. ORIGEN2 codes were rerun co update me older basis used for the HDW (Rev. 4)
model. The DKPRO tile accounrs for: (1) im:croved cross section data sers, (2)
improved half-life data for ;'9Se, '1.lmNb, and i26Sn. (3) time variation of fuel impurity
levels. imPOrtant co the c:l1culation of activation productS, and (4) improved fission
yield factOrs.

Wirll minimal additional effort, the DKPRO and ORIGS'f2 codes could be rerun
co improve me calculation of fuel activity at very low ::xposure levels.

F~er potential improvemenrs to me acc:.lracy of me HDW model for chemicals
and radionuclides are discussed in SectiOIlS 2.0 and 3.0 and in additional de~il in
Appendices B through E. The follOWing summarizes key modifications expected co
provide rlle most benefit.

• Updating me model wirll mproved soLubility parameters

• Updating me model with improved radionuclide split factOrs

• Updating me model with adjusted solids carryover factOrs for cascaded canks

• Adding decay correction c:l1culations for ~U and !J8'P'j co me HDW model.
Orller second order decay daughters (~Ra. :=Ac. ::!Ra. ~. and !Jlpa)

could be deleted from the model as a practical alternative co me cask of
ldding decay correction modifications

• Adding a new radionuclide co the model-activation product j6Cl

• Correcting the apparent error in the model's prediction of !43Am

• Modifying the model [Q generate dermed waste compositions (for
radionuclides) which more closely account for momh-by-month variations in
fuel specific activity

• Correcting the WSTRS file co improve the accuracy of historical waste
rransfer records (when model results are inconsistent with the sample data).
This effort would update the WSTRS tile co account for missing transaction
records. In addition. the WSTRS tile should be extended co account for
waste transactions that have occurred since the file was frozen as of January
1. 1994. (This cask will likely require considerable ::ffort.)

• Verificationiupdating model tank layering profiles based on core sample
profiles from canks chat have been core sampled
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• Modifying me HDW model to generate tank specific estimates that more
closely match sample results for key radionuc1ides

• Calibrating me model with key radionuclides or chemical surrogates co
generate more reliable distribution profiles for radionuclides chat are ao[
currently in our sample population

With pan: or all of me model modifications listed above. the HDW model could
be upgraded [0 Rev. 5. [t is envisioned chat a Rev. 5 version of me HOW model would
be used [0 provide the basis for estimating che composition of analytes (primarily
radionuclides) identified in high-level md low-actiVity fe~~ specifications for waste
vitrification operations. Rev. 5 could also be used [0 pr;, ;( the compositions of
analytes that may be idenufied in ::he furore as being important for risk assessment. rank
closure. waste form perfonnance. or for feed specification compliance for waste
vitrification. Such an improved model wtll also provide the basis for jUdging me
consistency of sample analytical data from ranks with common waste cypes. FiDally.
the model can aid in me development of rank waste composition uncertainty estimates.
based on sample data from common sludge layers or from common supernares.

Tank specific analytical requirements. including tank closure requirements.
oerfonnance assessments (p.~). Hanford Tank initiatives (hTD. vadose lone :oncerns.
Final Safety .-\nalysis criteria (FSARs) mdimmobilization process requirements. must
be established by data users [0 determme now well cank-by-cank inventory values are
needed [0 successfully meet each of mese missions. 'Woerner me updated HOW model
will adequately provide these needs must be determined on a case-by-case basis.

, .
-~
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APPE~T>IX A

~~SSESSNlEI'fr OF lTNCERT~~lIES

OF Th1)IVIDUAL TAL'll{ ~\TE~10RY
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APPENDIX .-\.

ASSESSMENT OF UNCERTAINTIES OF I!'InfVIDUAL T.-\.l'iK INV'EJ.'ITORY

This StUdy assesses Hanford Defined Waste (HDW) model uncertainties in rank­
by-cank: inventory predictions. A broad comparison is made between model predictions
md analyticJl values for waste from 60 :iampied and analyzed tanks. The cank selection
includes 47 core sampled SSTs and 13 DSTs with sample vaiues as of 1994. me last
cransaction date in me model. This assessment uses systematic adjustment of various
parameters in the rIDW model [0 improve the match between model predictions and
measured (analytical) values for cerrain tanks.

Scatter piotS are presented in Figures A-1 chrough A-6 showing HDW Rev. 4
predictions for key nuclides CiOCo, 9OSr , ~c. 'J7Cs. :J~. :41 Am). These plotS are used
(0 show me relationship between the HDW Rev. 4 prediction IDd the sample value for
me 60 sampled canks. The cank inventory prediction (in cunes) is shown on che
horizontal axis while the samule value (in curies) is shown on me vertical axis.
S~parate plotS are provided for six represencative radionuclides.

Tnis analysis shows the degree of mismatch between the HDW Rev . .+ model
(Agnew ~t a1. 1997. Appendix E) and measured results for key radionudides: in most
cases. measured rank inventory values are assumed [0 be me more correct value.

.-\.1.0 COl\tlPAIUSON OF HDW REV. 4 TO SAi\1PLE ESTll.V1ATES FOR
STRONTIlJM-90

Figure A-I compares the model [0 sample estimates for 9OSr. To interpret che
plot. one must compare daca points (0 the 1: 1 a diagonal line. This line represents a
perfect tit between samples and model predictions for all sampled canks. Most canks
are clustered near me diagonal line. but three or four tank clusters are cleariy displaced
from the diagonal indicating room for improved ~Sr predictions.

The scatter plot for 9OSr. which is an insoluble tission product. indicates good
agreement for the lsoiated. aging waste tanks (2~1-AZ-lOl and 102). but more scatter
(than for tJ7Cs) for ~nks containing less than aboUt: 6 million curies. Toe average
model ?rediction for mese tanks appears [0 be biased 33 percent lower than me average
of the measured values.

A.-3
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Figure A-l. HDW Model Rev. 4 QOSr Inventory Prediction Versus Sample Value.
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Figure A-2. HDW Model Rev. 4 me.s Inventory Prediction Versus
Sample Value.
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Figure A-3. HDW Rev. 4- 6OCO Prediction Versus Sample (or Best-Basis [nventory).
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Figure A-5. HDW Rev. 4 :J9pu Prediction Versus Sample (or Best-Basis
Inventory).
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Figure A-o. HDW Rev . .:+.!4I A.m Prediction Versus Sample (or Best-Basis Inventory).
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Al.O COMPARISON OF HDW REV. 4 TO SAJ.VlPLE
ESTIMATES FOR CESIUM-137

Figure :\-2 compares me mode! co sample estimates for mCs. Cesium-137 is a
very soluble radionuciide. The scatter plOt for lJ7Cs indicates a reiatively good match
between model and measured inventory for Hanford's highest inventory canks
(14l-AZ-.lOl and -t02). wbere model/measurement ratios varied from 0.4. to 2. For
lower inventory canks. however. (tanks containing less than about lOO.OOO C1 of lJ7Cs)
the model versus measurement uncertaincy becomes relatively large. with
model/measurement ratios varying from 0.015 to 50. The average model prediction for
these 60 tanks appears to be biased 20 percent lower than the average of measured
values. The compressed scatter relative to 90Sr seems co indicate that soluble
radionuciides such as !17Cs may be predicted more accurately than less soluble
radionuciides like ~Sr.

AJ.O OTHER RADIONUCLlDE COl\!lPAR1SONS,

Other comparisons were also generated for 6OCO. ~c. ~%. and ~4IAm. These
comparisons are presented in Figures .~-3 through A-6. respectively. On these plotS.
the numbers on the diagonal represent a match between the BBl and HDW Rev. 4­
predictions. For ](lCo. nearly ail the off-.iiagonal pointS are above the diagonal
indicating the model's predictions are biased significantly low relative to sample values.
For ~c. a highly soluble radionuciide. the predictions are also biased low. For :J9p,J..

many of the tanks in the sample population have no sample or BEl values. Tilese are
indicated by the pointS along the bonom of the ploe. Only eight of the remaining tanks
are off the diagonal and are evenly divided between high and low vaiues. Enaily. for
~41 Am. a strong bias coward low predictions is indicated with a signific:.uu number of
model values being an order of magnitude low.

A4.0 SUNtl\'!ARY OF MODEL TO SAJ.\'lPLE COMPARISONS

Evidence of excessive randomness and/or bias is evident from the HDW model
predictions for 90S r and mCs. The 90Sr mean is biased 33 percent low and the log ratio
roOt mean square 1.R.\t1S) value is 0.97. indica·';'1~ a prediction uncertaincy of nine times
the sample. The :J7Cs mean is biased 20 ;>er. .~ low and the log ratio R..\1S value is
O. il, showing a prediction unc:rtainty of five times the sample. Evidence of ~xcessive

randomness and/or bias is even more evident for other radionuclides. Tne ooCo mean lS

A-tO
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biased 80 percent low and has a log ratio R...\1S value of 1A: me ~c mean is biased
60 percent low and has a RMS value of 1.0; che ~% mean is biased t60 percent high
and has a RMS value of 2.4: and me !41.A.m mean is biased 90 percent low and has a .
R.\lfS value of 1.7. The :!~l prediction is biased high because me best-basis inventory
values for many of me ranks were set [0 zero. The RJ.\1S values are significant in mat
all represent prediction uncertainties chat are 10 rimes larger chan me sample values.

There are certain reasons for the observed difference between me model and
analytical measuremenrs. For~Sr and lJiCs. dle deficiencies can be craced i:O the HDW
model's s~lubility parameters. radionuc!ide split facrors (i.~ .. li"Jcrions [e:lving fuel
processing planrs in different: waste streams). 50lids carryover frac::ions in '-'ink
cascades, and the Waste Sums Transaction Record Summary (WSTRS) data file
(hisrorical waste cransr"er records). The scaner for :41.-\m and large biases can be 'l'aced
[0 other racrors, induding analytical uncertainty. [Nme that me model' 5 bias (award
[ow predictions is only partially due [0 the use of poor ::-oss section data (see
Table D-3).] .A.ppendix. 8 c:valuares the ~ffecrs of adjusring che HDW mariel solubility
parameters on the predictive capabilities of the model.
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Agnew. S. F.. 1. Boyer. R. A. Corbin. T. B. Duran. J. R. FitzPatrick.
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APPE~rx 8

SOLUBILITY AND PARTITION FACTOR EFFECTS ON
TANK INVENTORY PREDICTIONS

Appendix D of me Hanford Defined Waste (HDW) mode! (Agnew et al. L997) provides
~timates or me solids precipitated from llkaline solut:ions (fraction precipitated ~stimate) by
waste cype for each radionuclide and chemical component. Wich che goal of improving model
performance. revised solubiliry or fraction prec:pitated ,;olids ~stimates were derived co better
rerlect che Sr-9O md C5-137 chemisrryfor ;:ach HDW EYpe. The ;nodel was updated with
mese parameters and me resultS were compared with 5ample estimates ror me 60 tanks in che
sample population. The HDW Model. Rev. ~. was modified using 137C5 and -xlSr fraction
precipitated solids ~stimates developed for each HDW rype based on process chemisrry. The
model nonnally calculates chese values from a 5ingle solubiliry limit deri~ed for each species.
Tnree different versions of che model were examined ~ach with a different slate of fraction
precipitated solids estimates (Harmsen md Schulz 1998). These versions are called Case 1.
Case 2. and C.1Se 3. which are compared [0 che HDW Model. Rev. ~. and (ank sample data.
The sample data were derived from canks from which one or ;nore core samples have been
taken (4; SSTs and 13 DSTs). The DSTs were chosen because chose canks have had stable
inventories since 1994 (the fina! cransaction date in the HDW model).

81.0 DEV'"ELOP~!ENT OF PERFO~"(A~'iCE y(EASt.:RES

Performance measures were also developed [0 JSsess improvementS co che HDW
model. These measures were used [0 compare HDW Rev. 4 predictions co sample values for
60 single and double-shell ranks.

B1.1 PERFORJ.v(ANCE MEAStJRES

Performance measures were derined [0 provide a basis for comparing che models.
Initially. conventional scatter diagrams of model versus sample inventory values were prepared
[0 compare i:he model's predictive performance. When applied [0 che 60 ranks. che iesultS
were inconciusive because of me high degree on iandomness. :\ "sorted log ratio" performance
measure was found co be useful for comparing 5everal models on che :iame graph. The zero­
value horizontal line representS a perfect model-co"5ample rit. :\ value of 1 representS a model
prediction L0 urnes me -iample value. while a. value of -1 represe~tS a model prediction one­
tenth or' che 5arnple value. Unbiased predictions produce graphs with values c:venly distributed
above and below che zero line.
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The mean value of the log ratio measure indictes the bias in the mode!' 5 l.ldionucIide
prediction. Likewise. me root mean square (&.\1S) value of me log :-atio measure ~timates (he
variance or standard deviation of the scatter about the perfect prediction. Tnese me:lSU~...s

effectively quantify the bias and uncertaintY associated with me model's predictions.

Because che log ratio is weighted equally for 111 canlcs. 1n additional performance
measure was developed to compare model pe:Tonnance by cumulatIve curie inventory. Tables
were used co accumulate curie inventories with model-m-sample curie ratIos in me followmg
ranges: 0.5 to 2. 0.25 co 4. 0.1:!5 co 8, and 0.1 to 10. These cables show me fraction of
(sampled c.ank) inventory in each range.

Bl.Z SAJ.\1PLE ACCl.iR-\CY

The performance measures creat me analyticl values equally regardless of the number
of samples per cank. .-\nalytical values were developed from one La eight- ;:ore samples per
tank. rn this report. the analytical value is assumed [0 represent dle collective inventory of all
phases in the cank. induding sludge. salt ca1ce. and supernate.

B2.0 COMPARISON OF SOLL13lLITY FACTORS

In the following discussion. the strontium and cesium rhcticn precipitated solids
estunates are discussed in detail. Fraction orecinitated '/alues ror -lOSr were:alculated bv me. . .
HD W ModeL Rev. -k based on 3. so IUbilicy limit of O. 03..L CiiL. Vllues ror me ;J';Cs fraction
precipitated were provided as pan: of me model and merefore are not calculated from a
solubilirv limit. Fraction orecipitated values used in me model are shown m Table B-l.. , .
C~rtain groups are represented by a range or values assigned co different HDWs in me group.
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Table B-1. HDW Rev. :.L Fraction P~ipitated Solids. Estimates for 1OSr and r:r;oCs.

HD W model waste cypes"

Process high-actIvity waste

BiP04 process~

Other processes;

iCladdng wast~

1 Alummum"

I Zircaloy:

IMisceHaneous waste

I Solid waste

Ferrocyanide solids;

Fraction of strontium COSr)
precipitated

o
o to 0.986

o
o

0.55 (0 0.98

FractIon of cesium (I"'C.~)

pr~ipitated

O.Ol

o co 0.03

o
o

0.55 to 0.97

J

,_-.,.-O_th_e_r_So_iI_·ds_' O_._9_'2 0 ---i

I Comolexed waste" 0.64 (0 O. '74. 0
I

IOther liquid wastes' O!O 0.16

lAtter addition of NaOH
~lnc1udes HDW Model. Rev. 4, waste cypes MWl. YfW~. 1Cl. 1C1. 2C1. 2C1. :24.

and LTR
:lnc1udes HOW Model. Rev. ;.1... waste types Rl. R2. PI. ~. ~'. Thl. Tn2. P3. PLI,

PU.andZ
Jlncludes HDW Yfodel. Rev :.l.. waste rypes CWRl. CWR2. CWPl. and cwn
='Includes HDW Model. Rev ~. waste rypes CWZrl and CWZr2
1ncludes HDW Model. Rev ;.1... waste rypes PF~CNl. PF~C='i2. TFeCN. 3.nd lCFeCN
Jlncludes HDW Model. Rev :.l.. waste cypes DE. CEM. and .-\R
~lnc1udes HOW Model. Rev ~. waste cypes HS and SSR
iInc1udes HDW Model. Rev 4.. waste cypes OWVil. OW-W'2. OWW3. NIT. BL. CSR.

DW, N. PASF. and B
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Table 8-2 rummaries (he final set (C.lSe 3) of ~unates used tor che model solubility
calculations. Clearly. sigmficant changes were recommended for bismuch phosphate process
and cladding wastes. The results chat were produced from mese modinc:uions are discussed in
ScCtlons 82.1 chroug!l 82.3.

Table 8-2. Revised Fraction Precipitated Solids Estimates for 91Sr and mC.5-Case 3

HOW Y{odel waste cypes !

I Fraction or" strontium ('Il)SO

I
Fractlon or ceSIUm ('j,C.5)

precipItated prec~pitated,

Process high-activity waste

I BiP04 process" I 0.98 , 0.10
1

I Other processes~ I 0.98 I 0.10

ICladding waste

I Aluminum; I 0.98 I 0
I !

ZircJ.11oy~ 0.98 I 0.30

IMisceHaneous waste

I Solid waste

F~rrocyarude SQhds:

Other solids'

Complexed waste"

Other liquid waste'

0.0

0.98

0.0

0.98

0.98

0.98

0.0

0.0

1 After addition of 0laOH
'Includes HOW Model. Rev -J.. waste cypes MWl. MW"2. lCl. lC~. 2C1. 2C:!. "224.

and "(JR
1ncludes HOW Model. Rev 4. waste types Rl. R2. PI. n. ~'. Thl. Th2. P3. PLl.

PL2.andZ
JIncludes HOW Model. Rev 4. waste cypes CWRl. CWR2. CWPl. and CWP2
1ncludes HOW Model. Rev 4. waste cypes CWZrt and CWZr2
'£Dcludes HOW Y{odel. Rev 4. Waste cypes PFeC~l. PFeCN"2. TFeC)/. and 1CFeCN
qncludes HOW Model. Rev 4. waste CY'ges DE. CEM. and A.R
~lncludes HO W Model. Rev J.. waste ~pes HS and SSR
'Includes HOW Y(odel. Rev 4. waste cypes OWWl. OWW1. OWW3. NIT. 8L.

CSR. DW. N. P.-\SF. and 8
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B2.1 SOLl;lULITY FACTOR EFFECT ON DEFINED WASTE COMPOSITIONS

Table B-3 provldes che mC;i and IlOSr defined wastes compositions in che HDW model
Rev. 4. Only chose waste cypes affected by changes in che fraction precipitated :iolid ~st:lInates

are listed. The new compositions denved from che Case 3 fraction precIpitated ~stimates lre
shown in Table 8-+.

Table B-3. Comparison of Hanford DerIned Waste Compositions for $upemates.
predicted I HDW Rev.+ C.lSe3 HDW Rev + C~e3I

supernatant .1 $r-90 (CilL) $r-90 {CiiL) C;i-137 (CilL) C.,-137 (CilL)
for HDW: ,

MWI 0.0050525 0.00010019 0.00569581 0.00508252
\,(W2 O.OO9a.Q242 0.000 l86.J. 0.01070591 0.00955095
lCl 0.01059202 0.00021184- O.01l9a.Q65 0.01074659
lC2 0.01847309 0.0003694.6 o.021034009 0.01893068
2Cl 0.00139551 2.791E-05 0.001573:2 O. 00 I·U588
~C2 0.00133121 2.662j,E-1)5 0.0015l576 0.00136419
214 0.000194-24 3.3849£-06 0.0002:035 0.00019831

CRJTBP 0.01139909 0.00022798 0.0123126-1 0.01164785
PFeC:'fl 0.000228 0 0.0003883 0.00025886
PFeC:'f2 0.00022798 0 0.00038825 0.00025887
TfeC:'f 0.0002248 0 0.00038235 0.00025523
lCfeC:'i 0.0080261 0 0.0091388 0.00040617

Rl 0.03-+0002 0.0015l66 0.0867.139 0.07849844-
R2 0.Q4.00005 O.005451~7 0.30898536 0.27948425

CWRI 0.00314607 6.2921E-05 0.00361103 0.00361103
CWlU 0.00532037 o.000 lO6.J.l O.006026Qt1 0.00602604

PI 0.03~0004 0.00568313 O.32Ti 0709 0.29493638
P2 0.03400003 0.Ol338107 0.77029723 0.69326755

CWPI 0.00302177 6.0435£-05 0.003.18366 0.00348366
CWP2 0.00240559 .1.8112E-05 0.00276801 0.00276801
CWZrl o.0089934.8 0.00017987 0.01107401 0.00775181

0.00017803 O. 03J.OO00 1 0.141'+ 1691 0.00017803 0.00089899
THI 0.00768409 0.00015368 0.00706946 0.00636252
TH2 0.03-+00013 0.00076 i 0.03493182 0.03143864
AR 0.03400009 0 0.31"l137Qd. 0.00570478
B o.03.100007 0 0.02647376 0.02647376

BL 0.03399989 0 0 0
SRR 0.13599952 0 ..J.0991623 0.20607956 0 ..12630403
CSR 0.069089l6 0 0.03979031 0.03'231983
P3 0.03399987 0.04827926 2.821157'+3 ~.564068857

CWZrl 0.004-9:5661 9.9132E-05 0.00585121 O.OOa.09585
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Table B4. Cumparison of HanfOrd Defined Waste Composi[ions for Sludges.

i :-iOW Rev 4 Case 3 HOW Rev <1 Case 3

predicted
sludge for

HOW: , 5r-90 (Ci/L) 5r-;0 (Ci/Ll Cs-1371Ci/Ll C3-137 (Ci/L)

MW1 0.001999053 J.038316034 0.002253538 0.006751056

MW2 0.002475557 0.070059681 0.002818754 0.01128852
1C1 0.007608907 0.072996491 0.00857711 0.01609945
1C2 0.013621007 0.122166187 0.015509342 0.028120897
2C1 0.001074611 0.019818818 0.001211436 0.003367641
2C2 0.00125625 0.038321935 0.00143042 0.0057J6975
224 0.000171989 0.004888394 0.000195102 0.000741042

URJT8P 0.005160514 0.392957596 0.010351 Til 0.050786462
I PFeCN1 0.297428251 0.30336246 0.334319039 0.337687761

PFeCN2 0.343866517 0.350762845 0.386496936 0.390410786
TFeCN 0.785911122 0.301743645 0.d83303228 0.352291024

1CFeCN 0.21 1''''''61 0.370406656 0.240504853 0.413701951
R1 0.928374305 1.S1i748449 0.050017149 0.231863351
R2 1247780871 13.g5 181676 0.262311434- 1.i85500539

I
CWR1 0.002047534 0.037028101 0.002350253 0.002350253
C'NR2 0.004053825 0.173636753 0.004597171 0.004597171

P1 11.35967524 1251849045 0.275725876 1.732533845
?2 16.1887395 16.59681174 0.02214:3791 2.520235292

C'N?1 0.002519938 0.036118305 0.002905122 0.002905122
CWP7. 0;001835659 0.08077051 0.0021122:8 0.002112218
CWZr1 0.007710032 0.082835533 0.009493654 0.037811491

HS 8.129744508 0.116324881 0.000146445 0.000i39476
TH1 0.007183655 0.129487931 0.006609055 0.018090841
TH2 0.101348511 0.64 j j 97742 0.032656834 0.089390534
AR 1239772403 13.35077907 0.260906703 3.374539481
3 3.310369777 15.07638327 0.02238876 0.02238875

8L 7.434210599 13.17387272 0 0

I SRR 9.571547395 0.3514 i 5532 0.17666919 0.365464624
CSR 0.Q44469793 , .145385798 0.025611354 0.021120337

P'3 50.54933653 50.19747783 2.9505532861 9.270208969
CWZt2 0.004214655 0.045018845 0.00497535 0.019937/42
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82..2 SOLUBILITY FACTOR EFFECT ON SR-90

The 'lOSr predicrions provided by the modified models are shown in Figure 8-1. with the
canks arranged in order of inc:easing model/sample ratio. Fracrion precipitated adjusonents
increased the ,l()Sr predicrion for low-inventory ranks and reduced the predicrion for most high
inventory ranks (tanks containing more than 100,000 curies uf ..oSr).

The log ratio me:lSure was used EO compare the 90Sr performance co analytical data for the
modified models. Figure 8-1 preSentS the results ;·or HDW Rev. ~. CJSe 2. and Case 3
models. The CJSe 1 results are essentially identical EO CJSe 3 l11d were not ploaed co improve
clancy, One 'goal is co have ail predictions within a tactor of 10 of me analytical data: points
with a performance indic:uor between -1 and ~ 1 meet thIS criterion. The left: side of the
graph shows chat nearly ail ranks with very low HD'W Re',. 4 (0 sample data ratios now have
predictions within me criterion. For very high HOW model co analytical ntios. only one rank
~xceeds me criterion. The mean -lOSr log ratio measure is biased :0 percent hig.1I and me R..'\1S
value is 0.66. representing a noise level of .;1..5 (imes the sample.

Figure 8- t. Comparison of ModeUSample Ratio as a Function of 5r-90 Solubiliry,

:3 1'------------------------------

_l-iCW Rev 4

~Cae3-.I
.---.-.--. --- ----~.-~X)~'"~-"~-'••------•• ---------,.. ~ = ~ N N ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

­,.•·3 ...t ....... _

ianK Index oy Increasing .:'erlormance Indie:ater
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Table 8-5 compares HWD Rev. J. and Case 3 by categorizing the 'IOSr predictions by
proxImicy co sample values. The categories are madel-eo-sample ratio range be~ween

0.5 and 2. 0.25 and ~. li8 and 8. and 0.1 and 10. - :e results are expressed as fractions of che
90Sr lnventory in me sampled rank (all sampled ranks) and percent of sampled ranks. Case 3
increases from 75 co 84 percent the fraction of 5ampled rank inventory with predictions within
a factOr of four of me sample. The Case 3 model reduces me fraction of sampled ranks outside
the 0.1 co 10 range from 25 percent co l2 percent. These comparisons show an overall
50 percent improvement in Sr-90 inventory predictions compared co dle ~xIsting HDW model.

Table B-5. Camp::.. ,on of QOSr Performance for HDW Rev. 1.1. and Case 3.

i
Mode! co sample ratio ranges !

!Model 112 co : cimes sampie

HDW Rev, -+ Case 3 I
Fracnon of Percent of I Fraction of I Percent of .

sampled rank sampled ranks I sampled Canlc. I sampled ranks
":i) inventory inventory (CD i

0.629 J.3 ..3 0.636! ..L5.0
1
IModel 1/4 (0 J. ames sample O. i<19 50.0 0.342 70.0

0.918 71.7 0.903 35.0

0.920 75.0 0.916

"

38.3
I

0.080 ~5,O O.. ~~ 11.7IBeyond (outlier>

!Mode; I"~ co .3 cimes samtlle
I ..,...-_=--~-----~-----------.....:..-----~

IModel 1/ LO co 10 cUries
:sample

B2.J SOLUBILITY FACTOR EFFECT ON CESrUi\1-137

The I37Cs predictions provided by modified models are shown in Figure B-2. with canks
arranged in order of increasing modeUsample ratio. Fraction precipitated solids adjusunems
increase the lJ7Cs prediction for low-inventory canks and left me predictions unchanged for
ranks with inventories of over 200.000 Ci of 137Cs. In general. me Case 1 solubiliry
parameters resulted in the greatest increase in predicted 1::i7CS inventories. Case l and Case 3
produced ::ssentially the same results.

The log ratio me:lSure was used co compare the mC:; performance co analytical data for
me modified models. Figure B-2 presents me results for HDW Rev. ~. C.lSe 1. Case 2'. and
Case 3. One goal is co have aU predictions within a factor of LO of the malytic3.1 data: points
wim 3. performance indicator between -1 and ..;. 1 meet chis criterion. For aU modified mode! c:'

the ranks with very low HDW Rev. ~ co sample r:ttios 'J! have 111 but one or cwo data po'"
within the factOr of to criterion. Unforrunately. four ~. were ;Jush: over me .:riterion lJ.~

the high prediction end (see right side of Figure B-2. ra~4A. index 54 ana higher). The mean
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1J7Cs log racio measure is biased 26 percent high and me R.\1S value is o. n. represencing a
noise level of rive rimes me sample.

Figure B-2. Comparison of Model/Sample Ratio as a Function of
mCs Solubiiiry.

4 , -:

x5..~

xx.·..,xx·xxxxxxxxxxxxxxx 'xxx:X .... . - - ._---

~ N ~ ~ ;; ~ ~ :~-;oW'~~"~-~ ~

_=_::ase 2
_::aseJ
_)(_Case 1

-3 :.- --J

Tank Index by Increasing Perionnance Indicator
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Table 8-6 compares HDW, Rev. ~. Jnd Case 3 by ·:ategorizing me ::;7C5 predictions by
proximIty co sample values. The categories Jre me same as used for ~Sr. The results are
essentiaily (he same for HDW, Rev. ~. and Case 3 wim 98 percent of me sampied tank
inventory having prediCtions within a factor of four of me sample. Also. 8i perc~nt of me
ranks sampled have predictions within 3. factor of 3 of (he sample estimate. Only 1 percent of
me sampled rank IOventory had predictions outSide the li8 co 8 model-co-sample ratio range.

The lbove information tndic:ues chat. unlike (he predictions for 'IOS r . little improvement in
me mC5 inventory predictions was obtained by modifying me fraction precipitated estimates.

Table 8-6. Comparison of IjjCs Performance for HDW Rev. ~ and Case 3.

Isamp Ie

I ! HDW Rev. ~ ! Case]I

Model co sample ratIo range FractIon of I Percent or' I Frac~ion of Perc~nt of

s~pled cank Isampled canks I sampled rank sampled canks
I C1 mvemory I . Ci inventory

IModel 11: TO 1. (ImeS I 0.761. I 53.3 I 0.763

I
58.3

I!sample ,

IModel l/4 TO ~ mnes
I

0.982
I

76.7 i 0.9i5 I 76.7
,sample 1

IModel 1/8 TO 8 ames
I

0.99
I

86.7 I 0.99 i 86.7
!sample ! I

I I

!Model 11 10 TO 10 times
I

0.99
r

38 ..3 i 0.99 86.;i
I

Beyond (outlier) 0.010 lLi 0.015 13.3

B3.0 CORRELATION OF OCTI1ER T.~~l(S TO OTHER YfECHA2'llSi\tIS

Tanks wim HDW Rev. 4 predicted inventories over 10 times me sample value or less
man 1I10m me sample value are designated as outliers. These tanks lre listed in Table B-7.
For'lOSr. 16 tanks were idemitied as outliers: L2 of ~he outliers are SSTs. For ':;':'C5. ~ight

canks were found to be outliers: seven of me outliers Jre SSTs. Of the 12 -lOSr SST outlier
tanks. 5 contain bismuth phosphate process waste and 3 contain cladding waste. Of me seven
mCs SST outlier tanks. one contains bismuth phosphate process waste and three contain
cladding waste.

B ·..,-1_
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Table 8-7. HDW Rev. -l. Outlier Tanks.

I
HDW. Rev. -+.~JSr I' HDW a ,. HDW. Rev. -l.. l';;CS

outlier tank : .:troup , outlier tank

/TY-l06 iDE iC·l05
;C-105 ;CW :T·W2
IT-I02 ICW !TY·L06
!C- LIt iNC< iC, W2
Ie-LW i lC :\W -I03
IC-102 ICW :TY- La:
lEX- L09 il.iM T -Loa.
iTY-i05 ;(;R TY-IOl

IT-la, !lC
IB-20 1 i22J.
IBX-l05MW

HDW group

ICW
iCW
iDE
!CW
CW

MX
Ie

iAW-LOICW':---:-:-~ -=- _
iA.N-I05SA

::\N-103 :SA
C)/ - F~::Tocyarude soLids
DE - other solids
CW - cladding waste
MX - mixed rypes
1C. lC. 224.. MW. tJR - bismuth phosphate process
UM - mixture of lC2 and URJTBP types
SA - DST :iupernatams composed primarily of Rl. AR. ~. Z. BL.

SRR. CSR and DW rypes

Table B-8 provides a list of outlier canks identitied by Case 3. CJ.Se 3 reduces (he
number of ~Sr outlier tanks from 16 (08. 5 of WhICh are SSTs. This also model reduces the
number of mCs outlier tanks. ail SSTs. co nine. Of me five QOS r SST outliers. four comain
bismuth phosphate proc~ss waste. Of the nine !"C3 SST outlier ranks. three contain bismuth
phosphate proc~ss 'Naste and twO contain cladding waste.
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Table 8-8. Case 3 Outlier Tanks.

I I
Case 3 mCs outlier

I Case 3 aoSr outlier cank HDW groups (ank

jC-ll L IMX iT-102
IC·107 !IC :C-105
IAN-l05 !SA iC-l03
IC-tiO Ile !C-106
!BX-i12 !lC ,TY-L02

HDW groups

:CW
iCW
:MX
jMX
iMX

IAP-L02 :MX !T-L 11
iT-l04 11C IB-20'2 --------=--------;IAN-L03 ISA iT-l'-'
I '

Potential ImprovementS. By reducing me number'of-lOSr outlier canks. me C~e 3 set of
estImates represents a significant improvement co me model. The .JOS r cladding waste (ank
outliers were ~!imina[ed and me U7Cs cladding waste outliers were .educed 50 percent.
L 'iorrunately. me improvement for me bismuth phosphate process waste is not 15

~n.;ouraging. The numbers of bismuth pnosphate outlier canks was reduced from five co four
for 9OS r . while me number of bismuth ohosohace outlier (anks incre:lSed Crom one (0 Uu"ee for
mCs. The opporrunity for me largest 'furtl1~r redl' )n in outlier canks is wim enhancements
co me bismuth phosphate proc:ss model. These rt:.....!tS might be improved by modifying me
fraction precipitated ~stimates and waste stream split fractions (radionuclide partition fraCtions)
for bismuth phosphate wastes.

B4.0 SOLlJBILITY A.on:S· vlE~" COl'tCLCSIONS

Improvements in model predictions are mo"f oronounced for insoluble radionuclides.
For 9OS r . me prediction bias wa:; improved from - : 33 percem low co 20 percent high. The
noise level was reduced from r, 97 co 0.66. whicr: ..:lSlates (0 a 50 percent reduc~ion in
scaaer. The number of ranks with ~Sr predicrions outside me O.l-co-lO-cirnes-sample range
was reduced from 16 to 8. Eighty-four percent of me sampled'lOSr inventory is predicred
wimin a facror of four of (he sample: and 90 percent is predic~ed within a facror of eight of che
sample.

Lillie impact is se~n in me model predicrions for highly soluble radionuclides. For
mCs. me predicrion bias changed (rom being 10 percent low (0 26 percent high. Tne noise
measure was ~ssentially unchanged. The number of outlier canks incre:lSed by one. For :37CS.
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76 percent of che sampled invemories were predicted within a factOr of cwo of the sample: and
90 perce:lt were predicted withm a ractor of four of me sample.

Prediction biases shifting from low (0 high indicate (hat an over~orrection has occurred
and further improvementS lre ?ossible with bener choices of fraction precipitated solids values.
A reasonable goa! might be co further adjust (he fraction precipitared solids ~stimates (0 reduce
me number of ~Sr or i~;CS outliers.

B5.0 SEPARATIONS PL~\jlS PARTITION FACTORS

Because a large fraction of cbe outlier canks comained bismuth phosphate process waste.
a.n effort was made (0 improve predictions by adjustIng me model's Waste stream radio nuclide
"splitS" for che oismuth phosphate process. These splitS are ·:aBed -radionuclide partition
fractions - in (he HDW model. The original and modified values lre shown in Ta.ble B-9. The
results from chis dfort are summarized in Figure B-3. The (anks mar are mostly affected by
che revised spiit fac:ors are che canks with a sigruficam inventory of ~Sr. Two can1cs with
norabie mprovementS are 1~1-BX-l12 and 24.1-T-l04. both Wlth 1Cl/lC~ waste. Tne high
~Sr inventory in cank. :41-B-201. suggesLS chat me spiir for cype 2~4 waste may be set coo
high.

Significamly. me mean prediction is now biased just 3 i'ercem low (compared (0

10 percent high with Case 3). Clearly. certain improvementS can be made with better
modeling of me radionuclide split facrors.
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Figure B-3. IlOSr Predic!ions Based on Moditied. Bismuth Phospha[e.
Process Waste Spli£s.
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APPE~"Drx C

r..;NCERTAlNTY FROM WASTE COl\frPOSmON AVER-\GING METHOD

One source of uncertainty in cank-by-cank. inventory predictions is associated with
me memod used in me Hanford Defined Wasre (HDW) model (Agnew et al. 1997) [0
generate itS derined Waste compositions. In chis method. che de~i1ed hiscolicJ.l fuel
batch activity tile (giving curies in batches of ruel for periods of one month or tess) is
summed ov.er cime spans or" many years and divided by me corresponding voiume of
waste gener:ued over miS cime span [0 calculate an ""average derined waste
concemranon." rae tlSe or" chis average concentration in c:llculanng me :uries added ~o

mdividual tanks leads co modeling errors. which are me result of cwo ~IfectS:

1. Over a period of seven! years fuel ~xposures were incre:lSed signific:mdy
(specific fuel aCtlvity in curies per MTU inc:-eased). and

~. Over the same operating period se?aration plant t10wsheets were :mproved
co significantly reduce me volumes of Waste generated per y(TU ~li[ers per
M111 decreased).

The combination of these cwo effectS means chat actual waSi:e composition values
rei/liter) have changed significantly over a period or" ye:lrs. The ::rror occurs oec3.use
me HDW model assumes a constant aver3.ge waste cype composItion for me ?enod.
Tanks rilled eariy in me period have their curie additions overestimated. woiie ranks
tilled late in the period are underestimated.

Tne objective of this section is m evaluate the degree of error presem in dle
current HDW model due ro these effectS.

C1.0 EVALUATION :VlETHOD

To evaluate the errors caused by the HDW model's memod of "waste
concentration averaging." thIS study tlrst prepared a spreadsheet lisi:ing piam discharg~

volumes by quarter. Tnese dara were ~xtrac~ed from the Waste Starus rod Transac~ion

Record Summary (WSTRS) database tpart of che HDW model).

Second. using chis sraner sheet. Fluor Daniel Northwest (FDNW) personnel
derived fuei activity dara for the ~ key radionuclides .lOd consolidated mese'::lr:e
values into quarterly lnd annual sub-lOtals. marching me lime periods given by the
WSTRS tiie.
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The combined spreadsheet rhen calculated. quarterly and annual radionuclide
concemrations (Ci/!) in discharged. waste by dividing me DKPRO curie sub-tOtals by
the WSTRS volumes. These quarterly and annual concenrrations are reponed in
Wootan (1998), and illustrate the time variability of acrual waste concentrations in
comparison [0 the HDW model's constant average concentration. This analysis then
calculated ratios of high lnd low quarterly concemration values [0 the HDW model's
assumed average concentration. Tnese high. low ratios serve as an indic:uion of the
magnitude of errors present in me HDW mode!"s ~rimate of curie inventory for
various waste rypes and particularly for mose [anks WhICh were tilled very early or very
late in me -average waste - time period. Note. mat tllis analysis has been developed to

me point o{ bracketing me generic error for the most rnghly Lime periods (year or
quarter). but not [0 me point at identifying specific G1I1ks filled during tllose periods.

C:.O RESULTS OF "AVERAGING" ERROR EVALUATION

Concentration ratio values (the ratio of rrue waste stream concentration to the
HDW model's -average" concentration) are mmmarized in Table C-l. Tne ~able listS
resultS ~'or three cypical waste rypes - First Cyc~e Bismuth Phosphate process waste
generated 1950 LO t956 (Ie::). REDOX high-level waste generated 1952 LO 1957 (Rl).
and PUREX nigh-level waste ~ener:l[ed L963 ::0 1967 (P'2). For ~ach waste type. [WO

concentration ratio values are given-me Quarterly Low ratio (QL) md the Quarterly
High ratio (QH). Tne cable shows Lhese ratio resuitS ror 3. selected. listing of
iadionuclides-cypically shon naif-lived tission produc:s and lcrivation productS (these
surfer from greater ~rror), se!ecred actinIdes. and -all ather- longer-lived fission
productS (these have nearly constant low or high ratios).
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Table C-1. Summary of -Waste Concentration .-\.veraging- Error
[Ratio: (True Concemration) i \Average Concemr:uion)!

tC2 i REDOX. (Rl) I PUREX lP'2)
t950 - 1956 I 1952 - 1957 . 1963 - 196i

i ~Co
1,\l()Ru

i i34CS

0.19
0 ..38
0.3

OA2

iQH 'QL :QH 'QL ;QH
5.9 0..3 3.2 0.17 2.0
8.8 O.O? 8..3 0.09 .). i

6.5 0.19 J..l O.i9 2..3
, , O.0, ~. 7 O. 15 ;) . i

6.7 0.':9 ).) 0.L8 ., t

5.3 0.~5 2..1 0.16 2.0IOther
I FPs..~'i

, .:J7l'1.i
i :'1p

, '~C!. m

0.53

0.35 9A
0.56 ~.3

0.5i 5.3
O. i6 ., .,

O.~ 2.0

0..15

2.6
0.05
O.Ol

l.6
., .,
., .
•. J

.1.6

3.i

0.16

0.15

0.35
0.10
0.02

., ~_. I

., .
_.J

;). I

t6
.~ = ACtlvatlon productS
FP = Fission productS
PUREX = Plutonium-Uranium Extr:lction
QH =Qumerly High ratio
QL = Quarterly Low ratio
REDOX = Reduction-oxidation.

As seen from Table C-l most longer lived ndionuclide inventories ~stimated. by
the HDW model co be in Bismuth Phosphate waste receiver canks could be
overpredicted by a factor of 1.9 (110.53 = 1.9) or underpredicted by as much as J

factor of 5. depending on when during me ?eriod 1950 co 1956 the unk was filled.
Because of itS relatively short half-life. the ~rror r:mge for :ObRu is ~ven larger.

Model estimates for tanks filled with REDOX waste generated from 1952 co
1957 could be overpredicring me longer half-lived radionuclides by a factor of 2.':
(l/0,45 = 2.2) or underpredicting them by a factor of lA. e~I.~ lnd :':':'Cm are
exceptions in REDOX waste canks where the mvenrones could be oveQredicted by
factors of ~O or gre:lter and underpredic!ed by ractors at" up co ~.6. depending on when
me tank was rUled.

Tanks receiving P':! waste during the period 1963 1:0 196i could be rJverpredicted
by factOrs of 6 and underpredicted by factors vr ~. de?ending on when the canks '·,vere
filled. The :.:.oCm in these same ranks could be overpredicted by up co a ~actor of 50!
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The uncertaincy ranges listed in Table Col are presented as an example of me
degree of uncertainty present in model oredictions for a11 waste cypes. For J.ny single
waste cype some ranks will receive waste that is predicted ~rroneously low: some ranks
will receive waste mat is predicted erroneously high: while some can.Ics wlil surely
receive waste where me ';'J.verage" concentration is representative uf me erue
concentration.

These uncertainties related ro me HDW model's waste concentrJtion averaging
method may represent me potential limits of model improvement since ro modify me
model ro use a more detailed set of derined waste compositions (e.g .. 1 separate
compos~tion for every quarter or year) may be (00 large an undertaking.

C3.0 MODEL Lll\1ITATIONS FROl\-( RADIONUCLLDE DECAY y(ETHOD

The memod used ro evaluate ~rrors associated with waste concentration
averaging has lIsa reveJled ocher model limuJ,tions regarding ::-adionuc!ides which are
daughters of parent nuclides such as U. Pu and Np that are significantly separated
during fuel reprocessing. The Ilranium. pluranium. .lnd neprunium decay daughters.
:::!lRa• .::7Ac. ::sRa.. ::~. :JlpJ.. and =Th. .lre overpredicted by as much as .1 (acror of
50 in me HDW model. This is a direct result of !:he HDW model p.::-forming ehe
processing separations after the decay co 1/ 1i 1994.. rather man before It the cime of fu:, ~

separation. Conversely. me :JJU mat builds in from decay of :J7Np is removed along
with the rest of the uranium in the HDW model. reSUlting in a :JJU predic~ion low by a
factor of 34. Likewise. a low prediction results for ~8PU. ex.cept co a much lesser
extent. The correction for :41 Am build-in from :.lIPu decay appears (0 be reasonable.
with a ratio of 1.05. However. me :4J.Am buiid-in from :.lJCm is underpredicted by the
HDW model. This appears co be caused by !:he HDW model applymg the :;I ..:\m build­
in correction factor co both :.11 Am and :;J •.:\m.

These errors are a result of a model simplifying compromise chat was designed
inca me interlace between the DKPRO code and the HDW model when radionuclide
capability was being built inca me model in 1996. At mat time it was decided ro
predecay the fuel activity file (generated by the DKPRO code) co me date 1/1194 co
avoid r.~ving m build decay functions for all radionuclides in the HDW model. [t was
recognized mat daughters of ~xtraC!ed parent nuclides Imost impl . ~tly :.11 Am (he
dau2hter of :.11 Pu) would be rnisreoresented unless a backdecay correction was built- .
inca the HDW model. Accordingly. the HDW model has been ~quipped with 1

correction calc:.llation for :41 Am but not for other dau~h(er radionuclides such as =~Ra.

::7.-\C. :.:3Ra. ="rh. ~Ip~. and ~:!Tn. The need LO c )creet the 1/1194 der...ay calculations
for ::~Ra. ::7Ac. ::sRa. ::"rh. :JIP1. and :J!Tn was Ulought umiecessary. This is because
me need for inventory data on chese [Jarric:.liar nuclides IS in the to.OOO year furure: and
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me furore in-growth is determined more by me invemory of cheir parents man cheir
l/ 1/94 values.

The most importam result coming from chis simplified decay method is (he ~rror

for :J3U. ieswting in model invemory predictions low by a facmr of 84.
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liAl"iFORD DEFINED WASTE YlODEL UNCERTAINTY
EFFECTS-RAJ)IONUCLIDE SOURCE TE&vlS

.~'ID WASTE T"R..-\J.'iSACTIONS

Tne Hanford Derined Waste (HDW) model's (Agnew ~t.11. 1997) main
radionuclide source (erm is (he historical Fuel .\ctivity Data File generated by c.he
DKPRO code (a newly crea~ed Fortran code). Tnis me derines me c:.lries of J.6 k.ey
radionuciide in each of l:!76 batches of Hanford reacror fuel. processed wough (he
various separations plants from 1944 wough 1989. The DKPRO cJ.lc:.llation·:5 are
based on a set of ORlGEN2 :ode (Wiaekind 1989) runs which predict discharged fuel
activity for il series of fixed fuel ~xposure levels and fuel types. The result is ~xpressed

in curies per metric (on uranium (CiiMTU). The Objective of c.his 5ec~ion is to
determine c.he accuracy of mese fuel activity values as a source (enn for waste inventory
modeling, and (0 detennine c.he uncertainty effect on waste inventory estimates.

01.0 SOl.TRCE TER..'Vl UNCERTA1NTY EFFECTS

The uncertainty in me ORlGEN:! code oredic.ion of Hanford fuel activities was
srudied recently by Wootan (1998), Since code predictions could nor be compared ro
analyzed fuel samples or waste samples (due co c.he lack of analytical data for all .+6
radionuclides). me approach caken was (0 adjust mpur parameters for me ORlGEN:!
code over a range cypical of parameter uncertainty. Two cases were cypically run. The
first case used -reference" parameter values which were me basis ror (he HDW model.
Rev J. output:. The second cJ.Se 'JSed -updated'" parameter values which represent
newer data for nuclide properties or a more exacting analysis of average cross-sec.ion
sets for Hanford reactOrs. The following parameter cypes were updated:

• Neutron caprure cross sections for actinides and selected activation products

• Detinition of fuel and cladding impurity values (i.~ .. the -carger- concentration
for activation product generation)

• Fission product half-life values

• Fission product yield values.
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Each parameter rype was adjusted individually (0 determine [he magnirude of
it' s ~ffec~ on global inventories or on inventories related [0 smaller batches of fuel.
These ~rfectS are discussed. below.

D1.1 EFFECT OF :'iE'lTrn.ON CAPTl"RE CROSS SECTION Ll'iCERT.-UNTlES

To assess che ~ffectS of uncertaInties in cross sec~ion data se~s. me YlCNP I code
was used to denve cross section values re?resentative of single pass reactOr fuel
elementS. and these resultS were compared co reference ORlGEN2 calculations. Tne
same single pass reactOr fuel YfCNP mode! was also used. co ~valuate che adequacy of
[he ORIGEN2 librarY cross sections for selec~ed ac~ivation oroductS. A revised (oral, .
radionuclide inventory was recalculated using che new single pass reactOr cross
sections. Table 0-1 shows the ratIo of (he revised (otal radionuclide inventory [0 che
reference calculated. inventorv.

I '

Tnese" results show chat me amount of change in radionuclide inventory varies
slightly with che processing piant due co me amount of single pass reactOr fuel
processed in ~ach plant. The amount of !~C. jq~i. and :UNi increases by up [0

50 percent due co che t1igher 'capture cross sections. The amount of :!JmCd and IS4E:.l

decreases by about l3 percent due [0 smaller caprure cross secrions. Smaller
differences in other rlssion produc~ are likely due [0 changes in dle relative proporJon
of fission' s from ::lSU. ::lIU. lIld ::l9p,.l. with corresponding changes in me rission
product yields for sensitive isotopes. For che aCtinides. che main changes are an
increase in che invenrones of :~. :~lPu. :~lPu. and ;~I Am due co higher neutron
caprure cross sections.

The accuracy of either of chese twO code runs to model che production of Pu and
it's ;~ iSOtopic assay was cested by comparing results co pluconium conversion
~quations for both narural and enriched single pass reactOr fuel for different reactOrs
(Roblyer 1994). The piutonium production from the conversion equatiOns reveals a
10 percent range of values among che different fuel and reactOr cypes. A similar range
of 10 percent or less is found for che ;~ content. Both che reference single pass
reactor (SPR) ORlGEN2 cross sections and che MCNP based SPR cross sections
predict the plutonium produc:ion within che range of che variation by reactor rype.
However. che reference ORIGEN2 cross sections unde~redict me:lOpu coment by
about 30-35 percent. while [he y{C~P cross sections are within iO ?ercent of me
conversion ~quation values.

I :'vIC~P = :'vlome C.lr!O .\i-?artlc:;: transport: code.
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Table 0-1.

Racio =

Radionuclide [nvemory Comparison For Single Pass
Reactor Cross Scction Changes.

[nvemorl wuh Y(odifie1 Sin!!le P1SS Reactor Cross S~ct1ons

[nveneory wIth Onginal Single ?1SS Reacmr Cross Scc:lons

T Plane I B Plane I REDOX PT..iREX! Toeal

H3 0.980 0.980 0.989 0.992 0.991

CIJ.

C060

N163

SE79

SR90

Y90

ZR93

~1393~

7C99

RC106

CD L13"

SN126

SB l:!5

CS134

1.634

1.198

1.269

0.980

0.998

0.998

0.997

0.998

1.001

1.004

0.321

0.896

0.854

0.985

0.796

t.63J.

1.197

1.169

0.980

0.998

0.998

0.998

0.998

L.001

1.039

0.821

0.896

0.857

0.984

0.789

l.S81 1.J.77

1.163 1.052

1.253 1.238
1 ,..,~ L..lQ 1.-';'.

0.983 0.983

0.994 0.992

0.993 0.992

0.995 0.995

0..t95 0.995

t.OO: 1.002

L. 'J6 t 1.:J00

0.~.i6 O..37i"

0.917 0.9~5

O..392 0.990

0.996 0.998

0.345 0.997

l.500

1.058

1. .!.O8

0.983

0.99'7.

0.993

0.995

0.995

1.002

L.OOO

0.371

0.989

0.997

0.997

CS13i 1.000 1.001 1.002 1.002 L.002

BA137* 1.002 1.002 LOOd. 1.003 1.0~

1.060L.0621.0591.0241.024SM151 ,

El'152 I 0.324- I 0.826
I

0.866 I 0.913 I 0.907! I

Eli154 I 0.779 I 0.779 I 0.814 ! 0.896 I 0.888, ,
EV155 ! 1.077 I 1.086 ! 1. L64 I 1.086 I 1.091I !

R..-\226 1.002 1.002 1.003 1.003 1.003

RA228 1.330 1.331 1.123 1.000 1.000

.-\C::7 0.997 0.997 0.996 1.000 1.000

TH2:9 0.792 0.791 O. i98 1.000 1.000

TE""-" 1.330 1.330 1.120 1.000 1.000._J_

C"'-"" 0.761 0.761 O. jJ.8 1.000 1.000_.J_

L·~"'''' 0.739 0.789 0.i98 L.OOO 1.000_~J

C:j.J. 1.002 L.002 1.004 1.004 t 003
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[nvemorv wHh Modified Single Pass ReactOr Cross SectIons
Inventorv with Ori!!mal Singie Pass Reacmr Cross Sc:ctions

Radionuclide Inventory Comparison For Single P1SS
Reactor Cross Secnon Changes.

Table D-l.

i .
I Radioisotop~: Ratio =

. I -
I U235 I 0.998 i 0.998 I 0.996

I
0.996

I

0.997I i! i I

I C236 I t.331 i 1.330 i 1.113 I t.L56 ! 1.1.+7I I ! I

I t::38 I 0.999
,

1.000 I l.OOO I l.OOO I 1.000i I I

! NP237 J 0.iS3 I O. i83 0.300
i 0.843

I

O.C")I ; I
! I

I PC238 I 0.912 ! 0.912 ! 0.922 I 0.9a9 ; 0.9115I

I Pt'239 1 1.022 I 1. (,:'2 ! 0.99"2 0.985
I

0.988: I

I PC240 I L..J.94 i 1..J.95 i 1..J."2J, I 1.3..:.6 1 . : 1
I

I PU241 i 1.287
I

1.283 1.207 I 1.121 1. . _)i ! i i

I Pli242 I 1. 7iW. i 1. i52 1. .J.l.1 ,
1.24o~

I
1.':67! ! I

I ,-\J.'vC!41 i 1.:87 i 1.285 i .221 I 1.170 I 1.179; ; r

I .-\J.'vC~3 I 1.541 j 1.jd.7 1 "i
,

1.065 i 1.071•. LJ_ j

I C:\-C402 I ~.O 19 I 1.027 ! 1.009 ; L.002 1.002

I C~C:.13 ! : !q
I 1.153 LOt: i 1.005 , t.OO5... ~~- ,

I CYC+.J.
I

t ..323 1.332 L.OlO i.OO7 1.008I ; ! I
I !

"~1erastabie ISotOpe

D1..2 EFFECT OF FU"EL A!'ID CLADDING I:LVlPlJRITY l..i1'iCERTAI1,jTIES

The reference ORlGEN2 runs (the basis of HDW. Rev. 4 invencories) for single
pass reactors and :--i-reactor used rixed sea::ings for fuel and cladding impurity leveis. In
acrualiry. however. conce:lrrations of nickel. nnroge:l and :JbU in the fuel varied
signiticantly from the 1940's to the 1980's. The bias in certain radionuclides
mcroduced by the sim~l;fied reference ORlGEN2 serup method has been determined. by
generating Jddirionai ":;EN2 fuel activity files with modified fuel compositions,
rer1ecting time-dependc::m impurity levels \oNOOlan 1998).

Tacle 0-2 shows the ratio of che radionuclide curie inventories in the revised
analysis to the inventc·ries in the reference DKPRO calculations (Wacrous and WOOl3.l1
1997) for the princIpal radionuclides affec:ed by impurity;;oncencration changes. The
net ~ffect or" che nme \~eoendant nickel impuriry -:oncentration change is a reduction in
the ;~i and~~i in\ries in the fuel processed wough B. T. and REDOX. but 10

mcrease in the inve:-. ,c::s in me fuel processed :hrough Pl"REX. Conversely. the net
effect of the time jeoendem nicro!!en irnoumv is 3.n increase in the inventor.' Ofl~C in

.. -". *

fuel proc~ssed through B and T plantS. but]. reduction in fuel processed through
REDOX J.~d PC"REX. The time de?endanr :Jbl.: -:oncemration resultS in J. reduction in

D-6
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me ~7Np invemory in fuel ;Jrocessed through REDOX and Pl.;'"R.EX. The l.0 ppm of
cobalt added co all of the fuel increases me mvemory o.foOCo by a facror at ::.6. The
1.0 ppm of chlorine added (0 the fuel results in the production of approximately 10
Curies of j6C1. [This companson does nm app~r in Table D-2 since ;6C1 is not one of
the identitied ~ key rndionuclides evaluated in me reference (HDW Rev. 4.) analysis.]

Table D-2.. Principal Changes in Radionuclide Inventories - Ratio of Curie Inventory
Usmg Time Deoendent fmpurines (0 Previous [nven[Qry

I :--ruc1ide
i I I ?TJREX !T0cal! T-Plant B-Plant i REDOX
I I I

I iolC I 1.283 1.284 I0.801 10.J45 ! 0.53.1I

I 'lOCo i ~ 1-8 ! 3.163 I 3.064 I ~ -" I , - -! .J. !
I

I .;..,)00 I _.,)9~

I j~i IO.,!:l} 10.243 10. il9
I

L.Q4.8 ! 0.95.J.
j

, 0.24.9 10.249 I 0 :~<1 iI '3~i .' .J 1.051 10.96d
i

j 0 -"9
I

IO.3i2I ~7\l ! 1.000 t.OOO \ 0.905.p ! .;-
I

Dl.J EFFECT OF FISSION PRODUCT HALF-LIFE (}NCERTA.L'iTlES

A orevlous srudv (Woman 1998) investi~ated che effects of usin~ uodated values.. ~ , - - .
of selected half lives on the inventory of key radionuclides. rne half lives of the
radioismopes :"QS~. ~}mNb. and ::5Sn in me ORIGEN2 and DKPRO de~y libraries were
modified (0 rerlect recent ~valuations. New measuremenrs in China of me ~S~ half­
life indicate a much lon~er half-life (4.8 E5 vears and 1l.3 E5 Years. in seoarate

- ~ I ~

measuremenrs) than previously used (0.65 25 years). The new half-life value used was
taken as the average of chese cwo measuremenrs. wiman assigned uncertainry of
-1-0 percent mat bounds me cwo values. A new Chinese measurement or" me ;:.6Sn half­
life increases that value from 100.000 years (0 :SO.OOO years. with an uncertainty of
9. 4 percent.

As shown in Table D-3. me net effect of me half-life changes is a reduction by a
factOr of 0.-1.0 in me curie inventory of ::~Sn. a reduction by a fac[Qr of 0.08 m the
invencory of':'9S~. and a reduction by a factOr orD.9} in the invencory ofY~m~b. rne
actual amount of ·:5Sn and "llS~ in cenns of grams 0f materiai hardly changes. but me
number of curies represented by mese amounrs -:::langes by (he inverse ratio of (he new
[0 old half-lives. The uncertainties in me half lives (ranslates directly into uncertainties
in Curie inventories for these radioisotopes. rne half life uncertainties for me orner
radioiSOtopes lre 5 percenc or less.
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DIA EFFECT OF FISSION PRODUCT YIELD UNCERTAINTIES

Cumulative Lission product yields from :J'su fission (ORlGEN2 data library - no
uncertainty infonnacion given) have been compared with reference values from England
(1994) and their 5tated uncertaimies. This comoarison shows thac the ORlGENZ
prediccion of :"liSe. !ljmCd. ::SSb. ::bSn. IZ'1. andj,JEu productIon is to (Q 30 percem

high. Predicted yields for the other fission products agree within 5 percent.

D1.3 COMPOSITE BIAS

Table D-3 5urmnarizes -bias racmrs- for ..1.6 ~ey radionuclides lSsociaced with me
four adjusted ORlGEN2 inpuc parameters. The bias factors ~xpress me racio of me
global cune inventory as calculated with the modiried input parameters to the original
curie invemory as calculated by the HDW model lRev. ~). For ~x.ample. the row of
bias factOrs for I"C means mac me updaced curie mvemory for i"C is 30 percem of the
value predic:ed by me HDW model (Rev. ..I.) - the result of a 50 percent increase due to
adjusted cross sections coupled with a decrease (by a fac:or of 0.53) due co an adjusted
carget impurity (Nitrogen) concentration in the fuel. FootnOte symbols in the -Other
FactOr- column mdicate chat mere are additional sources of uncertamcy in the global
invemory.
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Table D-3. Bias in Global [nvemory Values Due co U-pdated ORlGE.:.'n Parameters.

I Radio- Ratio =
[nvemorv wlth Modified ORlGEN2 ?3.rameters

I
[nvemory with Original ORlGEN1 Parameters Other Factors

ISOtOpe

II

: Cross Fuel H:alf-life billS I Fission y\e!d bias ~Q(es Cvrnposm
section bias impurity

I
bias

bias

SNO 0.991

Y90 0.993

Zr93 0.995

Nb93'" 0.995

Tc99 i 1.002

Rul06 LOOO

1 Cdll3'" i 0.871
I SN126 I 0.913I

I SB125 i 0.989I

I

1129I 0.997

CS13.1 0.997
j CSlJ7 i 1.002I I

IBAl37"'! 1.004

I SMl51 I 1.060
I

I EU152 I 0.907

! EU154 I 0.888
! EDl55 I 1.091
I

!

I RA2.26 , t.003!

R..U18 I 1.000I
I

:~C:17
,

1.000i

TH2:9 i L.OOO

TH:'J: i 1.000

HJ

Cl~

C060

Ni59

Ni63 i

~i9

0.991

1.500

1.058

1.J.08

0.983

\a)

0.53 (b)

2.6 i
0.95

0.96

0.05 - 0.11 I . 0.85
I

( C )

(: }

0.93

ld)

O. i6

0.36 - 0 ...!.4 a.i8

0.86

0.76 Ie)

It}

(f)

0.89

.1 (g)

(i"J

tj)

flO

D-9

0.99

0.80

1.i8

1.35

0.042 ­
0.092
0.99

0.99

1.00

1.00
1.00
l.oo

i 0.66

!0.26 - 0.:

0.85

0.76

1.00
1.00
1.00

1.06
0.91

0.89

0.97

1.00
1.00
1.00

1.00
1.00
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Bias in Global filventory Values Due co Updated ORIGEN: Parameters.

Radio­
isocope

Ratio =

1.000

Inventorv wlth Wodified ORIGEN: Parameters
[nvemory with Original ORlGEN2 Parameters

Other Factors

LOO

0:235

U236

U238

1.000

1.003

0.997

LiJ./

l.OOO

(1)

(1)

(I)

(I)

(1)

1.00

1.00

LOO
I 1-.... J

1.00
,

0.833
,

0.8i I ! (1) I .. .,...,
NFl37 i i !

I
•••• I_

I

Pt;238 i 0.945 i i I I (1) 1 ,).95
I ! , i

PC:39
I

0.988 I I ! ! (1) I 0.99j I

PC2j,Q I

PC2d.l

1..36 i (l)

1. t29 (1)

1.26; (1)

1.179

l.O71

L.002

1.005

1.008

1.36

L1.3

L.27

1.1.8

1.07

1.00

1.01

1.01

...nventory for ::9Th IS ~"ascd 1y facmrs or" O.!':' - 1.0 due [0 l1c:cy '.::llcui3t10n limlt:ltions lnd

1,:lIThe HOW :nOOe! .1SSumes ((}()% vr cnuum rn ruel :s routeU to ~nK. "'aste. Due to losses co aunospnc:re :lila
condensate. lc:ual unk mventones lre si~nlTicndy less.

,blAddiuonal IJncerumty may e~ist• .1SSQClated wim tOSSd of C·I~ 10 atmosphe:-Ic ~mISSlons. The HDW model
assumes 100% IS routed ,0 tank waste.

IClThe riDW ~Iooal Inventory for Sr-I)() may be biased low Jy l~ percent Jue (0 :otema' assumptions accounting for tl
quanmy or Sr-~ separ:lled In B-?Iant lnd routed [0 ~psules. orfsm:. plant n:sluuals lnu wlid '.vastes.

(dlThe HDW ilooal inve:ntory ror '-Tc may be bIased hlljln bv lDOut 32 percent Jue [U It'S not lccountmg for [he:
frac:Ional ;eparauon of Tc (to the ur:tOlum product ,trem) In TBP. ?UREX and REDOX ;>roc:sscs.

(c:)Additlonal uncerulOty may e~lst• .1SSQClated Wlm losses of ::9T [0 :l.tmosphcrlc ::mlSSlons from fuel dissolution
oper:lllons. The: riD W model (Rev. .:.) usumes [00% is rowed to WIle wasle.

(t)The: riDw 110031 Invenlory for IJ7G may i]e blaseU ;h~htly lugh (less than ! perc:n[) due [0 internal assumplIons
lc:ounllng for the quanmy of t37C;i ;epar:l.ted 10 3-?lant lnd routet1 (0 C3osules. or'tslle. plant re5l1iuais lnd soiid Wa:ites.

ig)The: HOW ~Iobal invc:ntOry r'or ::.loRa IS blasc:ti by f:u:tors or 0.03 - l.0 due: ,0 t.1c:c.1y ,~Iculauon limlt:lllOnS :l.nd
depending on ·.vaste cype.

(hI The riDW ~Iooal IOventOry For ::IRa is biaset1 by f:lctors of 0.02 - 1.0 due: (0 dc:e:ty e:tlcul:tllon limit:ltlons .md
deDendin~ an "'aste tYpe.

ii)The HOW ll.·~·l ;oventory ror :::':~c is biased by factOrs of 0.03 - 1.0 due to deey ::tlculauon limiulions lnd

dept:ndin~ on w:lSte ':Y
fjiThe riD\~

.Jepending on waste ;: ...
d(lThe: :iO\\ ~il'bal IOventory :or :JITh is ::IIasc.1 by f:u:-.ors or 0.01 - 1.0 uue (0 JC"'-3y .::liculalion limlt:ltions and

aepenulOg lln '.v:lSte [~. :-.=.
,nThe HOW ,tooal ;nvemory for JCImides may be sllJnnic:ntly 'lnc::rulO Juc: '0 [he use or Jpproltim:ttc: racrars whIch

.1CCOunt For ~~tr:tcuon losses or (j. ~p lnd ?u JI1IJ lSsumpuons re!:tted ,0 the ~r'ficlency vr U n:cuvery :rom Mc:~i 1,I,;asle ,lul1ge,

D-tO



HNF-3273
Revision 0

02.0 EFFECT OF :VllSSING WASTE TRAl'iSACTION RECORDS

The historical waste cranster data file or Waste Scams Transaction Record
Summary (WSTRS) in me HOW model (Agnew ~t 11. 1990 consisrs of rank till
records with inrennation extracted from Jungtleish (983) and Anderson (1990>. and
checked by Ogden Environmental lnd Los Alamos National L.1boratory (lAJ.\fL)
against quarterly summary reportS and the Logbook DataSet. The waste rransaction
records. although largely represe~ltative of me waste hiStOries of me canks. are
neverthel~s incomplete in that mere are 1 number of unrecorded cransactions (hat have
oc::urred tor many canics. Tne waste rransacrion report is a comparison of me (ank
volume chat is calculated based on the rill records with me measured volume ror each
cank. Tnis comparison is made ~3.ch quarter (0 record lny un1mown Waste ldditions or
removals chat may have occurred during me quarter. The largest uncertainty in chese
records concer;ts records associated with che evaporaror campaigns. The volume
reduc::ions and cominuous (ransJers of concentrates lnd condensates chat OCC:lrred

durmg (hese campaigns are not very well represented in me waste rransaction records.
Transac::ions from [he Logbook Dataset were ldded co me waste tr.lnsaction records co
resolve many une:cplained level changes. This urumown transaction resolution was only
completed for all unk..,owns larger chan i 90 kl. (50 kgal).

There were volume reduc::ions among che Sand SX Fum canks in the 1950':i and
early t960's. These losses have been attributed co REDOX waste self concentration.
PlJREX process wastes in me A and A .."( farm were :ielf concentrating. but unlike che S
and SX canks. it is assumed in che HOW Modelchae no salt c:lke was termed by r.his
concentration process. Sluicing of A and .-\X F3.mlS resulted in ;nany unrecorded
cransac::ions. These rransactions were resolved in me HOW Model by creating·
transactions between canks and me sluicing receivers in me A and .-\X Farms.

In chis srudy. sevenl examples were found where che HDW y(odel is not
consistent with me process rlow sheets and sample data from some tanks. The HOW
Model assumes chae a substantial bismuth inventory exists in several of che BY F3.!!I1
ranks C~~l-BY-I04. ~41-BY-105. 241-BY-I06. 24I-BY-107. 14I-BY-I08. and
241-BY-llO). The sample data and process tlow sheets. nowever. indicate chat little
bismuth was added (0 chese tanks. In another e.'(ample. che waste nnsaction records
show mat tank 241-BY· i 10 received Ie waste directly from (he BiP04 process. First
cycie (lC) waste :ontains a substantial amount of bismuth. but che multIple core
:samples from (ank 24.1-BY-110 indicate chat mere is very [ietle bismuth in chis tank.
The sample data suggests chat cank 241-BY-ltO must have been the third tanlc in 1 wee
tank ~C3.de of 2:.1 i-BY-107.'24I-BY ·108CAI-BY·liO. {n chis case. che waste
transaction records are noe consistent with me :iample data and must be changed (0

improve me reliabiliry of the HDW ModeL

D-l1
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Site hisiorical records were reviewed by Ogden Environmental co conrirm me
reliabilicy of Waste [ransrers in me HDW Model. Ogden confinned about 60 percent of
me waste rransfers from [he separation plantS [0 me primary receiver canks. md abOUt
57 percent of me rransfers and receiptS between canks. The remaining cnnsrers were
cre:ued in me HDW Model [0 match known or suspecred rransrers and waste inventory
or level measurementS tn me tanks. While many of mese cransfers may have occurred.
small errors in me cnnsaction records can lead [0 substamial c:rrors in estimaring me
inventory of crace analytes such as ~Sr. These errors are likely co have a 5ubsiamially
larger affecr on me lccuracy and reliability of me model [han one might assume based
on me statistical uncer..amcy -:rireria m[he model (95 percent conridence interval).
Based on our resultS [0 date. it lppears mar me sampie data can be used ~ogetl1er with
me HDW Model resultS co identify and correct certain discrepancies in me waste
cransaction records.

D_1"
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APPE~C'( E

CHE:VUCAL .-\!\iALYTE PREDlCTIONS

The Hanford De~ined Waste (HDW) model (Agnew et a1. 1997) is currently
being used [Q dismbute most or me radionuciides [Q Hanford caIlk waste. While the
HDW model appears [Q generate representative radionudide proriles ror most tanks.
tilese proflies are ~sentially based on (he same :iet of records [hat were used to produce
the chemical inventory ~stimates in (he HDW model. Bero..J.use of extensive core
sampling.· a representative database now ~xists for many of me chemiol analytes in the
cank waste. These data have been used [0 COnstrUCI cemplates mat represent :he
composItion of:ommon wastes in various ranks. However. mese data :an be used [0

[est che accuracy of. or co identify deric:encies in. the HDW ;nodel ror various groups
of tanks. The purpose of chis exerc:se ls [0 ilOt only Lesr me ac::~rJ.cy of me HDW
model but also identify chose areas where me model ;;ould be improved fur bener
radionuciide invemory ~stimates.

Bismuth was chosen as the example anaiyte because 1 rubstamial amount of core
sample data .::xists for this analyte and onLy 3. few was~e cypes-(or streams) are k.'10Wn to
have .:ontained a. significant lI110unt of Jismuth. These waste streams inc!ude (he first
cycle (1 C) and second cycle \::C) wastes crom che Bismuth ?hosphate process I.E and T
plants). Because flow sheet records lre liso lvadable. bismuth ~an be used as a CIe
dement to estimate the equivalent amoum of waste. on a metric (Cns of uranium (MTUl
basis. added co each of IC or 2C waste receivers (tanks ~A·I-T-I04. 24.1·T·LQ7.
?,::q·B-llO. and 241-B-111). Bismuth ;:stimates.:an be a useful basis for judging me
reliability of me waste rransaction re~ords ror me IC and 2C waste receiver.

E1.0 COl\tlPARISON OF THE HD~V \10DEL TO SAJ.vlPLE IN'VE:'ITORY
ESTIl\IlATES FOR BIS~11.:TH

Best-basis inventory estimates have been developed for ail of me single and
double·shell Lanks at Hanford. Many or mese estimates are based on sample derived
~stimates developed from core sample data. Bismuth resulrs from mis sample
popuLation are summarized in Table E-l. Tnis cable tneludes only [hose ranks with a
proje~red inventory of aI ie3S[ 500 k.ilograms of bismuth (30 canks). These ranks
c;ollectively :omain about iO percent of the ~o[al bismuth inventory. Table E·l also
provides a summary of me HDW model predictions for these tanks. Tnese predictions
Jre based 'In cwo different setS of solubility lSsumocions (as derined bv solit factors or

~ - .. ..
fraction prec:pirated ~stImates :'or bismuth>. The first set of split factors (Case 1) was
derived frOm che assumed solubility limn for BiP04 to.Q04 moles Der liter). The HDW, .
model uses ~his soiubility limit co compute a vecmr .:omaining me fraction precipitated

E-}
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solids for eac~ HDW type. The standard fraction precipitaced vecmr derived from me
BiP04 solublLy limit is snown in Table E-1.

The second set of solubiliry assumptions is based on using a common split factor
for all of che HDW. In essence. chis involves 5hurring off che minimum solubiliry limit
for bismuth anti manuallv entenn2 che chosen sDlit raccor in che tnction oreciDitated

OJ _.. • ..

macrix. of cht: i 0 W mode! ~ :ornmon value 0 r 0.98 was chosen ror Case 2. With chis
assumption. lroxima[e!~d percent of che bismuth would be ~xpec:ed (0 report: (0 me
solid phase a.1Q only '2 percent co che liqu:d or supernate phase. [n HDW Rev. ~

model. che traction precipitated solids tor lCl. lC!. lCI. lnd 2C2 lfe ):679. 0.679.
0.606. and 0.241. respectively. When rhese r"acmrs lre incre:lSed to 0.98. one would
~xpect to see a much larger quantity of bismuth assigned to chose ranks with 1

substantial amount of IC md 2C waste lorecipiGlced sludgel. TL1ese ranks a.re
241-T-L04. 241-T-L07. 241-B-L 10. anI +l-B-LIl. The resultS for both setS i)f
solubility assumptions are shown in Fig\",;e E-1.

Figure E-l. Ratio of HOW Model to P~St Basis Inventory Predictions for Bismuth.
Case 1 (Standard· Fraction Precipi·. ':~d Esnmates) and C.1Se 2 (0.98 Fraction

Precipitaled Estimates).
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TJ.ble E-l. HDW Model and Best-Basis Inventory Pred.ictions for Bismuth.
HDW Model ?redic~ions Based on Standard Fraction Prec:ouated and 0.98 Fracnon

PrecIpitated Esnmates.

i HDW Rev J. and! HDW R ~ : I
Sampled SST .98 Frac Prec Bi (Q IB'~ K'l ev ; BSl Bi. Kilograms I

BSl Ra
. i l.J - ! ograms , ,

no : '
A-lOl
B-liO
B-lll
B-10l

. B-202
B-203
B-l04

BX-t07
BX-lll
BY-l04
BY ·106
BY-tOi

2.03 768 373
0.59 L3.6B3 :::3200
0.32 6. i92 21500
0.09 l.130 L3000
0.30 l.187 .l()00
0.23 2.197 9370
0.20 2.153 L0700
O..l() l6. :-~9 .J.1900
0.-1.7. 6.718 L.J.200

536. iO 33 .973 63.3
10i05 :0.900 L95

BY·110
C·107
C-I08
C-110
C·lll
T-LO~

T-105
T-107
T-lll
T-lOl
T-W2
T-203
T-10A

TY·101
TY-I03
TY-l04
U-110
V-l11

315.13
0.62
0.64
0.56
3.35
0.52

. 0.36
0.76
0.37
0.09
0.30
0.24
0.11
0.63
0.29
0.96
0.38
0.54

E·5

33.089
La. -:"61

9.130
L.777

o.J.86
8.~1

:'0.:356
~ .130
923

1.538
L.SiO

i.955
5.040
7.996
t .579

LOS
l-:"jOO
:::0
L6000

~800

i500
LL100
56000
13000
3lt 1
6<l.jO
3130
~99t.1.0

27200

21000
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Table E-2. Fraction Precipitated Estimates for HDW Rev.4 Model (Case 1) and
For 0.98 Fraction ?recioitated (Case 2).

Waste
iHDW Rev.-+

0.98 Fraction Waste
HDW RevA ; 0.98

Fraction Fraction i Fraction
Type Precipitated Type I

, ?recioirated Precioirated 'Precioiratedl
I

I YfW1 0.98 SRR 1 0.98 I
MW~

t 0.98 :CSR in L 0.98 il

lCI 0.6795 0.98 ;CSR 0 0.98 I
I

lC~ 0.6791 0.98 'DE 0.98 1

lCI 0.6063 0.98 :CE.:.\1 0.98 I
2G2 0.241 0.98 :NIT 0.98 I

I

2:4 0.3363 0.98 :Salt 1 0.98 IiSIurrv
« I

!UR1TBPl 1 0.98 'DW 1 0.98 I
I

!PFeCNI i 0.697 0.98 N t 0.98 I
I

: PFeC:"f21 0.697 0.98 ! Bin 0.98
: TFeCN" 1 0.98 ' B-SItCk: ·o.·ns 0.98
! lCFeCNI 0.71.5· 0.98 TI in : 0.98

Rl 1 0.98 :Tl-SItCk: 0.2317 0.98
R2 1 0.98 Rin 0.98 I

I

CWRI 1 0.98 RSItCk: t) 0.98
CWR2 I 1 0.98 T" . i 0.98_lD.

I,
0.98I

PI 1 0.98 T2-SItCkI 0 0.98
P'2 1 0.98 BY in 0.98
P'2' 0.98 ! BY-

I
0 0.98

I
I

SItCk
PLI 1 0.98 ; Sl in I 0.98

CW?l 1 0.98 51-SItCk: 0 0.98
CWP'2 1 0.98 52 In

,
0.98 .i

i CWZrl ; 1 0.98 S2-SItSln 0.5.59 0.98
: QWW1! 0 0.98 Al in 0.98
i QWW" I 0 0.98 Al-

I
0.394 0.98I -I SItCkI ,

: QWW3; 0 0.98 A2 in i 0.98,

Z 1 0.98 ~_ I 0 0.98
S'ltSIr .1

HS 1 0.98 ?3 1 0.98
THI 1 0.98 PL2 1 0.98
TH1 1 0.98 : CWZr2i 1 0.98

0.98 i

AR 0 BP 0.98
'Colx
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Table E-2. Fraction Precipitated Estimates for HDW Rev.4. Model (Case 1) and
For 0.98 Fraction Preciuitated (Case 2).

iHDW Rev.4.1 HDW Rev ...

I I
0.98 Fraction Waste

Fraction Precipitated T Fraction
, Preciuitated I ype Preciuitated

1 0.98 i ap I

! /NColx I

0.98
Waste
Type

a

aL
I
I.

0.98 PASF

I
, soL

limit.
1 molesll I

0.004

1
I

Fraction !
,Precioitatedl

0.98

0.98
o

This figure shows the ratio of HOW model co best-basis inventory estimate for all
of the canks in the sample population. Data f'oints re?resentmg che HDW. Rev.4.
Model are based on :iOlubility derived fraction prec~pitated c:scimates. (Case 1) while the
alternate data represents a uniform traction precipitate estimate (0.98) for all Hanford
Derined Wastes (Case 2). As shown by chis piot. che results are ~ssentiaily

indistinguishable from one another. Fraction precipitated c:stimates chosen for Case 2
(0.98) crave very little effect on the output of me model compared co c:stimates for
Case 1.

This non-linear response is due (0 other fearures in the model which limit the
disnibution of analytes co the solids. In addition to me solids layers derined in the Tank
La.yering Model (TLVl portion of the HDW Model). the HDW Model :liso derines a set
of supernate contributions in the Supernate Mixing Model lSN(N{ portion of the HDW
Model). Projected. sludge and supernate volumes are used. cogether with component
solubiiity limits. fraction precipitated estimates. liquid void fraction. solids volume
fraction and density estimates co generate a liquid/solids split for each component by
waste cype. Component contributions are then summed in a linear array co produce the
cotal inventory estimates for the cank. When fraction precipitated estimates are
increased. as they were in Case 2. the model continues (0 allocate each component to
the supernate. up co its defined solubility limit. and then co the solids. The solids
concentration is directly proportional (0 the solubility value due to the contribution from
interstitial liquid. but inversely proportional (0 me solids volume fr:lction for mat waste.
If the supernate volume is small and solubility limit low. most the material will be
allocated co the solids. as in Case 1 from the previous example. When the fraction
precipitated estimate is increased. as it was in Case 2. model response may be very
small beCJ.use most of the material has been allocated. ::0 the solids and very little
remains in the supernate for redistribution co tile solids.
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E2.0 IM:PROVING HDW MODEL PREDICTIONS FOR BI£\ifl;LH

Several other adjustments were made in order to improve che predictive
capabilities of the modeL These adjustments !.nclude modifying me bismuth source
terms. the solubilitY limics and me waste cransaction records for c:rtain cransrers. The
HDW modeL ror ~xample shows chat substantial amount or bismuth resides in the BY
Farm (in W1ks 24l-BY-106. 241-BY-107, 241-BY-108 and 241-BY-llO). Tnese Wlks
were previously included among the rerrocyanide watchlist tan1cs because of the
ferrocyanide created GWTBP wastes they concain. Scavenged L"R waste was routed to
several ca.nks in the BY Tank F'll'IIl in me 200 E:lSt Ar~a (241-8Y-106. 241-BY-107,
241-BY-108, or 241-BY-110) (Borsheim and Simpson 1991). Some of chis sludge was
also transferred co tanks 241-BY-l04 and 241-BY-105. This siudge. which was derived
from BiP04 metal waste. is lclown as PFeCNl and PFeC~2 waste in the HDW Model.
According [0 the BiP04 tlow sheet (Schneider 1951), the metal waste fraction only
contained about 642 kilograms of bismuth. The HD W Model. h.owever. tndic:ltes chat
137. iOO kilograms of bismuth ~xist. mostly in me form of PFeCZ'il md PFeCN2
wastes. in tanks 24l-BY-I04, 241-BY-106. 241-BY-L07, 241-BY-108 and 24l-BY-llO.

Clearly. chis is an ~xample where me HDW model predic:ions are not consistent
with the BiP04 r10w sheet. or with sample data from cank 241-BY-110. The cank
characterization database for canlc 241-8Y-110 contains more :han 1.!80 data ~oints for
bismuth. inclUding duplicates. standards and spike :-ecovery samples. All of the
analytical samples appear to be It che minimum detection limn for bismuth. including
those from fusion analysis and acid dissolution of the core segment md composite
samples from cores 103. 107 and 113. The analytical results lre consistent with BiPOa.
flow sheet and tank cransaction records. which show chat very little bismuth was added
to these tanks. In chis case. it lppears that me HDW model needs co be revised [0
bener ret1ect the lcrnal inventory of bismuth in me 2Ilks. 'Nnen me PFeCNl and
PFeCN2 bismuth conc:ntrations were reduc:d to zero. HDW model results were found
to be consistent with sample results for tanks 24l-8Y-l04 and 241-BY-i06. but not
with sample data from tanks 241·BY-107. 241-BY-108and 241-BY-llO. These
discrepancies are important because they ttighlight potential problems with me model or
problems that have occurred in developing the Best-Basis Inventory (BBn ~stimateS for
these canks.

According to the BEl. tank 241-8Y·107 currently contains t70 lcilograms of
bismuth. This ~stimate is based on the composition of BY sait cake because anaiytical
results for me core composites were found to be at me analytical detection limit for
bismuth (less man 2.000 micrograms per gram based on fusion analysis of me cwo core
composite samples). In addition co salt cake. L"R. PFeCNl md PFeCN2 wastes. tank
2.+ l·BY-lOi also rec:ived a small amount of 1C ''Jaste. which contained several
thousand kilograms of bismuth. if the bismuth concentration is assumed 1:0 be at the
analytical de~ection limit. the ?rojected inventory -:ould be l.S high as 3.170 kilograms.
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This value is generafly consistent with the BiP04 flow sh~t estimare of 9.800 leg for
me 241-BY-I07/241-BY-1081'241-BY-110 cascade. and also appears co be a bener
match for the HDW Model derived estimate of 1A93 lcilograms of bismuth. This
example is of interest because it shows how the HDW mode! can be tlSed to improve
me quality of the Best-Basis [nventory estimateS ror certain analytes measured at the
analytical derection limit.

A parallel situation is also apparem for r.ank 241-BY-108. The majority of the
bismuth malytical data appem co be at dIe analytical detection limit but these values
were used co ~timate che BBI for iliis tank ra be less chan 64A kilograms. The HDW
model currently estimates an inventory of only 6 kilograms of bismurh in this cank.
This disc.epancy highlights one of dIe potential problems wirh me HDW Model.
namely the accurate identification of sludge layers in various::.anks. Tanks ?41-BY-107
and 241-BY-108 were operated as a cascade during the rec~ipt of le waste in 1952. [n
me HDW Model. it is assumed chat none of the IC waste was carried over co the
second tank in the cascade (241-BY-108). Sample results. aowever. suggest otherwise
indicating a smail but measurable amoum of bismuth laden LC waste in 1.41-BY-I08.

Tank cransaction records show cank 241-BY-110 rec~ived about 2.755 !d. of 1C
waste in 1951 and 1952. In the HDW Yfodel. chis uanster is lSsumed co be a direct
cransfer from B-plant. Based on the projected amount of bismuth in the iC waste.
some 6.371 kilograms of bismuth should have been added co chls rank lOd other
downstream tanks in ::he cascade. The HDW Model generated a prediction of
2..300 kilograms of bismuth in chis cank. Analytical results. however. show that only
about jO co 200 lcilograms of bismurh were added co this tank. based on the analytical
detection limit of acid dissolution samples from d1re::: core composites. In chis case,
there appears co be a significant disc.epancy between the HOW model and sample
results for tank 241-BY-110.

The HDW model relies ~xtensively on the tank inventory records developed by
Anderson. especially for undocumented transfers that oc=urred tIl the [ate 1940's and
early 1950's (Anderson t99O). For r3Jl1c 241-BY-llO. Anderson shows r.hat the initial
rransfer of 1C waste occurred during the fourth quarter of 1951. This period
corresponds co the time frame when canks 241-BY-t07 and 241·BY-I08 were also
being fIlled with Ie waste. However. the low bismuth inventory in rante 241-BY-11O
suggests that chis can1c :nay have b~n operated as the chird cank in chis cascade. .~ the
third rank in the C3.SQde. 241-BY-11O would have received very little bismuth from IC
waste. In this case. the waste transaction records used by the HOW model are nor
consistent with samole results and thus mav be in error for this cank.. .

Several parameters were SUbsequently adjUSted. inc!uding chemical soure::: cerm
~stimates. co improve the lit between me model and sample based estimates for the
bIsmuth. The results are shown in Figure E-2 (with a corrected 3ample value for
241-BY-10i). This fit was obtained by increasing the amount of bismuth in lei waste
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(from 0.01:! co 0.018 moiesiliter) and by doubting me amount of bismuth in ::24 waste
(from 0.006 co 0.012 moleslliter). :\os Jlentioned berore. me amount of bismuth in me
PF~C~l and ?F~C)(2 t»astes was also redu~d co !ero. Finally, tile solubility limit ror
BiPOa. was reduced tram O.ooa. co 0.001 moles/Uter. These ~hanges are :onsidered co
be re:lSonable in light of me Jigh bismuth lnve:Itones found tn me Z:j, waste ;-eceive:os
rB-200 and T-200 5enes of :anks>. me lbsence or :')ismuth in ?f~:-i Imd PF~C:-i:!

wastes and ;ugh blsmum UlVe:lror:es round: m 5e'lera.! of me tC ',vaste C"~eivers.

Otherwise. only me )ranciard £-.::n W mode! '/alUes were used :0 9roduce .:he resuirs U1
Figure E-2. This rig'.lre .ihows cwo 5e?arate =OI7eiatlons. T:1e first one. r-e?rese:1red by
me light E;!J.Y squares. mows ctle :"J.rio of HDW :-ev..i <!lode! :0 3est 3asis :rtvencor:'
(BBn ~stimate. while 5e::ond one (diamond data ?oinrs) shows ::he :m?rov~ ::ic be::we:n
me modified. F.J)W :node! md 3BL ThIs::ic 1??e:l1"S :0 be re:lSonabiy good ~or ,nOSt
:anks ~xc::?C 3 Y-LID :lIld C-LI L 7J.ble S-2 prov1des 1 summary of ::ne "lllk mventorj
estimaces and EIDW :node! co 3B! :"J.QOS used ~ Figure S-l.

= .,- .,
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Figure :-2. Ratio of HDW Rev. ;1. \Ilode! co Best: Basis [nvenrory Estimates for
Bismum (square data pointS) and Modified. HDW Model co Best 3aslS rnvcnrory
Estimates (diamond :ihaped data ~ointS).
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Tabie =-1. SDW Rev.J. Maciel md 3est Basis [nvencory Sstimates
ToQed1er '~tti1Mod.ifierl BDW J1ode: Resuits ror F!g;ure E-2 .

l-iOT

3-2.04.

3-21]1

A-~O~

3-2.fJ3
3-2.02

~ , ....
-'- I • ~

3- ~ ~ a

T-2C4.

U-~10

1-' C4.

c-~ 08

1-203

,...,. "' ....
\",,;' .. : I I

T-ZIJ2

c- ~! a

1-201

,""", ,,.....­
'.... - .•J I

u-~ ·2

3Y-:cs

3X- iOr

3Y .. - ~o

3X-1 ·2

TY-103 I

TY. i01

iY. ~ OA.

.
I SST HeW I 3est IH~~ :;;,~,a I Modified HOW MOdifieC1 HOW !
I I
I Tanks Rev j, 3asis Macel Model co 381 I

I Mocel,
i

jlnventOry Kg Ratio I
i I

I I

,
Kg Kg I

I 1
!, !- -

I 3Y-:04

The fit for 14.1-8Y-ILO is :nostly lff~:ed Jy cile assumption d1at ~41-aY-110 '-»as
used. 15 1 ?rnr..u-! ~:iver of tC 'W'aste from 3-plam. 5aIIlpie ::-esu!ts. iowever, 5ugges~

mat :ii-8Y·L') I~as 'lSed 15 J. downs1l"e:un :-~:iver (chird :mk :n J. mr~: ':J.nlc
~:lScJ.de). [f:.tls is :r'..le. me '~as~e a-ansaC:lon ~:Jrds could. be ~I1v ~;,anO'ed '50 me. :::
:node! :-esuitS '''''ouid :aU in line wlm :he 5am9 ie ±1~ for chis tank. Tank:i L-C - t Lt

was lisa used lS me 5ccona c.mk in J. casc:lde :-e:::ivmg tC wasi:e. [n CJ.'1.1S '::lSe. me
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mode! assigns a dispro~ortionateiy large JIIlount of 'N-aste co me second cank in me
:J.Scade t::~t-C-lll). Sampie resuLtS cram me Z41-B¥-t07/'241-BY-L08 lIld
: ~ 1-T-tQ4.n.4 t-T-t05 e:tSc:J.des show ctlat: about 15 perc..ent: of me lC w'aste ~ed. over
co me second c.ank in me e:tScade. The HDW <node! l5sumes chat about 23 perce:lI of
::.he !C. waste wrried ove:- to me downstre:un r~:iving cank. However. for me
24 t -C 0 U01241-C -t II ~cade. me C::lI'ryove:- unlY1lI1ountS co :. i perc-~e or" me
incoming 'N-asre. based on me maivtiC::li ~su1tS :or bismuth. Accare::Itly. for re:lSons. .,

mat are aoe :i.lily undemood. wasi:e ie~1ing ?rope:ties lI1d;arryover ~mciencies were
nOt ne::=ssarJy wtiform acoss lil of dIe e:tScade ranks. [f chis discrepancy is corrected
for me :~t-C-tl0I'241-eotll :J.Scade. :node! ?redic:ions should aiso become :nore
cioseiy lligned 'N-im sample resultS from 2Ilk 2~1-C-lll.

This bismuth cna1 inc!uded. 30 jing!eoiheH :::mks (SST5) '.v1m 1 5ample-based.
:.nvemory of lt teJ.Si: 500 kilognms of Jismum :;:lc:t.. The ldjusi:ed ffi) W :node!
provided::stimaees within -i- 50 pe:"C::u: of ::.he :iamyie lnvencory ,or ij percent of me
canks. and ~timates within ~/4l00 ?Crcem of ::he 'iample !.D.vemory for 93 percent of
me canIcs.

en a ~:nt comp;U-;.son be~e:n 3J)W ~ev3 !Dodet ;Jredictions md 3ampie­
:Jased ~mna[es. c--:DW :node! pre1ic:lons we=-= :ound co be in 5t1UStic:li agre:::ne:::lt with
~O:o 50 fJe:'Ce:::lt of me malytes !.n lle :iampie :.mk ~o~uiaClon (17 ~). This
c.omparison Jnc: 19ain jIg:bligntS ?ocenrial Lnconsis-..e:lcies !1l lle HD W modeL ;~JUt: a.Lso
shows. for ·::r"..J.in malytes. me mode! em be 'lSed :0 jUdge ".he lnte~ ;:onsis~ency vf
our lnalytic:L1 resultS and co augme:lt :he c:.u7::lt ·1atabase. This mu:1y 'N-as performed
'oy ?Nl'iL (HarJey ~t aL 1996).

EJ.O COl\t{PA.RlSON Of HDW MODEL TO SkVtPLE I1'fV"E?frORY
EST'tVlATES FOR SR490

In a ~!ated snldy. HDW mode! ?redic:ions were aiso:ompared co sampie
derived ~Sr ~nmateS in .J,.i single-ineH <.anks. This g:!'ou~ representS 31.5 pe:'Cent of
che tanks and ~.6 ?Crc::lt of dIe ,1OSe inventory in che SST farms (19,152.;,1.10 out of
J.2.9S8 ..300 Cl of \lQSr mme SSTs). Tile initial results are shoW'll in Figure 2-3. Tuis
figure ?rovides cwo different setS of :stimateS. Tae first: se~" whicb. is i'resenred as me
ratio of HDW model co best basis Lnventory. '..vas 9roduc..-d by using che :nociei's
iLandard 50lubility limit for '!liSe (0. 03.1 Ciili(e~). (n:his pio(. :he c:mk.i are aI":"anged in
order of inc:'e:lSing nno (with 3. ratio of l.O :"e?r--senting 1 pe:t~! rit oe:'N'een model
md :iample r~jtS) and me data f'omtS oemg ?iocred 15 mIall squares. The seconci set
,){ ::scimares is based on 1 revised solubility limit of 0.01 Cilliter for JOSe. TL1is
:omoarison ts '.lseful because ~t shows mat F-::DW :nodel oredictions wiH [lot ce:::ssarilv
imp~ove iim?ly C:Iangi.ng me solubiiity fume rcr "OSr. . .
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Figure E·3. Ratio of HDW Rev. J. Modei co 8est~aasis (nve:uory Estimaces ror
Bismuth.(Square Data Points) and Modified HDW y(odel co 3est-8asis (nvemory

Ssnmates (Diamond Shaoed. Data Points).
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E4.0 IlVlPROvtNG SDW MODEL PREDlCT!ONS FOR SR-90

Whe:l me ioiubiury limit is changed.. me .. set frac" mbrouane (Of marco) in me
modei cec:liculates me liauid/solids distribution :or ~3.c:t maivte bv 'Jlaste cype. rnis

~ ... ~ .
~roduces 1 new )e~ or :!acoon ?~:pi[J,[ed ~timaces in me modeL The mod.e! also
11l0ws one co ~divl(iuaily adjust che ::hc:ion ?recipicaced. ~nmaces r"Of ~c:t waste cype.
:-:ltller man reiymg on 1 common ioiutnucy limit ~or ill wasi:es. ~1e :;Qurce :e=ms n me
:node! C:lI1 be ldjusted. bam rer=ns :-e~anng co ::he dismbuucn of ~dionuciides be~.ve~:l

wastes or :er:ns :-eiaung co die voiume 'J! :itudge 'Jf iUper:late from ~:lC.:I waste. With
:hese ldjusrme:ltS. dle :nodei '~'lD be iyste:natlolly c:u.nge1 :0 inprove me ?OCenClal dt
'JIub 2Ilk 5am:pie data :rom ~e~ :mk ?OpUiaClon. "'Gle fuIa.i. :esuitSJr" JUS ~;{erc:se J.re

ihown in Figure E~. Tlole E-:. ;Jrovtdes :ne ::D W :node: md. ld}usi:e'.! HD W model
values and Best 3asis (nvemory~timateS dispiayed tn Fig'.lIe E-:'.
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t"!g'.lre c,.;,J,. Kano or clJW Kev.J. ;\I[ode! co 8est Basis [nvemory esnmates ror 5r-90
\Square Data PointS) and. Ke'/tserl HDW Yfodei co Best-Basis [nventory Estimates
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Tacie E-oL. Ratios of HDW Rev..!. Mode! co Best-8asiS Inventory and
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HDW model predictions in Figure E~ were improved in J. '/ariery or ways.
Fractlon prec:-pit:lted ~teS '~ere t/aried. by ';vaste cype for :iome canics co improve !:he
Lit wlUl iam-pte data. Sometimes. chis lo.voivea c.Joosing 1 cOJJl?rorruse value mat
would collectively mjnjxDlze me deviation for 1 group at canks. Radionuciide
dismbuuon iOUI'C: cerms were liso inc~ed. far some or l1e ':oating '.vastes. including
CWR1. CWPl md C~. co mC=e:lSe me amount of ~S(' in me coaung waste receivers
(ranks 241-C-t02. l41-C-L05. 2A·l-C-i07. md :~1-C-1l1). The angmal values tn lle
HDW modei .::ill ror 0.-1 ;Jerc:nt or me :-:J.dionuc!ides being disiribuced. ~o me coacmg
waste. Due.o me Jigh jam-pie lnvencories in ctle ';oacing '.vasce receivers. chese values
were inC:e:lSed. co l ?e:c:nt. ~ £lerc:nt md t ?e:'C:nt. .-espec'dvely. for CWRI. CW1?1
and CWP'! wa,stes. While mese l"lUOS may aot )e dIe opamum ciloic:. ::hey llad. J.

?ositive ~d"ec:: on ~ucing deviations between. ~o<ie! ma :iaID-pie 9rediC::ons for me
coaang wasre::anks. Tabie E-S ~rovl<ies J. list or :he 'Jngm.:ti rraction prec:puaced
~so.mates by waste ~e in HD W Rev. ~ :agemer ';vim me set 1)[ ~stima.(es jevelo-ped
from :his :iruay lIld J. drird. set Jr ::srimates deveioped. li:'om fundame:1tal ·:onslde::ltlon
of che~t:ry :onc:iitlons In rile~ (Suiubility '~1Se 3 -:srimates. iee S~tion 5.1).
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Table S-5. :=!":lc:ion P~~ita[ed Estimates for 5r-90 Based an HDW RevA Yfodel. Revised
EIDW Wadel 100 9aslc Chemisrrv Conditions (Soiubiiitv Case 3 Esnmates).

Nasta iype ";OW ~evlsec1l"10W c."eml~"V I #asta iype I rlOW R:tv.041 ~evlsea HOW c.1Cl'IUStI'Y

~ltY.4 ,'tIoaeI i:,)nartions II Moaet I ....ad.. C:lnaiaons

I
I ~od" (Cae ~ (CJsc 3

. :snmatesl 1 I =.stun2a:s1 ,

VlW2
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.:If.. :
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1.55;
J. : I

lJ631

11

JI
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J.9SI
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JI

J.9i61
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J.3881
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!
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).3S1
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1.381
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US\
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1.::S

JI
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5~lt Slurry
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,'I
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3Y..5ltC~

5t..5ltC~

3~..5\tSlr

.:.Z..5ltSir
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sOI.limlt.
,~OhtSlI
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1.;·97!
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JI
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J.':941

1:'3SI

15831

l.54/

J.9S61

JI

"
"

J.oae-uoI
I

J.isi

:3.3SI
J.:iSI

),3SI

:J.:iSI
:J.9SI

JI
JI

0.981

F'Jf .:hose r:tnks '.vhe~ :he mode! co )ampie ieviations we:-e mbs\antial. me
~x!ent or :.1is 'le:Jar.'..lre ~m :iilmoie data ::e:J.r!V ~~c~~ded ::.'1e 95 ~ .:onride:lc: ~nte:-vals. . .
de~lned in tID W Re·' . .!.. In orne:- ·.vords. :.i1e 95 % cr In lle rtU W Mode! does llOC

::uiy re?r~sent :he wide rang~ ·)T l/ariab1.iiry :aund i1 :he Sr-90 '2I1k ~o~ulatlon.
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~our of dIe can.ks wIth unusually bigh model predicnoIlS .:ontain LC1 and Lc:
wastes (241-BX-ll:. 241-C-109. 241--<:-llO. md'Z41-l(4). This :ruggestS mat a belIer
rit might be oorained if dle assumed. lO pe:ce:u split tor SiPQ4 radionuciides is ~uc:d
co about 3 percent ror (he lCIIlC! was~. The ldjusred ;node! ?redictions fur~
24.1-T-lll also appear co be ~xc:ssive!y ttigh. As 1 :!Clt:!C:! waste receiver, me ~Sr

Inventory \n. canic :'4.l-T-lll is LIOt consistent with dle JIIlount in can1cs 241-8- i L0 lIld
241-3- L11. out chese larter c.anks also Ce"''':lved. a. unaillIIlounr of high-~e'lei PtJRE..~

(~) 'N'aste. Obviously. more J.~ (0 be done ~o calibrate me ~tfec:: of ?'! waste. Tb.e
remaining ::an1c.s in :his ~opuiation aloSt!y contain salt de IN'aSLeS. Bec:lUse salt::l1ce
waste ~ener:Uly c:Jntams 0ruy 1 smail 1ID.ounc af olI)Sr. :here may be other r~tures tIl me
modeL chat ~nd.·lO ~xaggerate me -'liSe ~ve:ltOry in me salt ;;:l1ce :-ecelvers. This
probie::n ~:Juld oe::xused by ~~rs in ::he '.vaste nnsaC!lon leC:Jrds. C~:-Jtin fe:!Cures tn
dIe S~(N{ 9ortion of :he crow lIlodel c:Juld also le:ld ':0 rmusually :ugh predic:Ions.
"G"'lese disc~ancies need. co be studied ~ wore dc~il betore my :::JnduslOns c:m be
re:xcb.ed ~garding me reliabIlity of che model ror me salt .::t.ke laden ~.

C"'lemisrry based. fraction prec:pitated ~ates (SolubilitY CJSe ]) in TJ.oie E-5
produced. siightly belIer resultS e.t1an ':hose ~ dIe :"e'llsed SDW :node!. 30th 5e~

?roduced. 1 :wo foid reduction in se:uter ::Jmp~d. co HDW. Rev ...!..

Sam?le jata cm liso be used :0 ide:ltify utiler lreas of im9rove:ne:lt tIl ::he HDW
JlodeL lJe HDW modeL lOSe ~stimate is LO ::imes JIgher r..b.an :he sampie ,je::ved.
~st:imate for :ank !~ i. -S-lll. Tae waste nnsac:!on records indiote dJis cank was :J.Sed
as :he sec:Jnd can.i( tIl a. REDOX '»asre c:lSode from t952 co 1957. As::he sec=nd cank
In ~'1e ~c:xde. the HDW mode! has JSsigned In tnve:nory of !SO !d. (66 ~gal) of Rl
siudge ~o chis canic. c:Jmpared ~o an inventory of 336.3 !d. (89 kgal) of such siud.ge in
the onmarv rece~ver (tank 241-S-UO). Tue 1996 core iamole from cank 14.1-5-111. . .
(core t~9), nowever. shows :hat ail of che 'N'as-::e :::JosistS af sait cle. we~ salt. moist
sait or dry salt lt :he oonom ar me~. The oniy sludge layer dlat "N'as found is une
ITom iegme:lt J.. ::!ose co me ;op vi :he ~!e"en segment c:Jre. :",c::ording me nOr::1ai
chronoiogy or mc~ de;lOsitS. :!lls sludge layer mus;: i1ave b~en ldded It some :J.ter date.
and should aot consist of Rl waste lS lileged. In :he HDW lIlode!. Tlis 0bservation is
consistent aot only wi.th the ~hysic:LI. ~vid~ from me core, but also with me .:oSe
resultS obtained :Tom tlle core composite.

- ...­:.---
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E5.0 IDEN'tIF'IED LlMIT_~nONS IN THE 8J)W MODEL

To investigate me pocential for improving cank-bY-f.anK inve:nory predictions. dle
HDw Modet was ~ompared co i~le based estimaces for bismuth md ?OSr. The
bIsmuth erial ~ciud.ed 30 SST:i wuh 3. 3ample-Qased. inventory of IC l~c 500 kilograms
of bismuth ~:lC~. tuese L.aIlks :::ollec:Iveiy ':::mcalIl lbout ;0 ~erc~nc or <:he cocal olSiIlum
invemory lC Hanrord.. The HDW .\1ode! '.vas ldjusted (0 improve dIe fic be~e::n model
IDd sampie based ~st:unaces tor mese:anks. LJJe Idjusred. HDW '!lode! provided
~stimaces wittnn -1- 50 oerc::m 'Jf me 5aIDole :nvemorv ror T3 ~e:rc::nc IJ! ::he '::anks. and

.. to .. J ..

~s.unaces Wlt.ilm ~/-tOO <Jerc::nt of ~e samoie ~ve:i[orv tor 9'3 ,erc::nc of jIe cani<s. A.. - ~ .
similar study was ilia performed. for .J./ singie-sileil ':anks ",vich sampie -ie:1ved. ,lQSr
tnvencor.es (besc basis inventories). The resuirs show Ula[ ~e luiusced. S)W moue!
?rovlded. ;:stimaces within ~ i - LOO ?Crc::nt of dIe 5~ie ~.unace ror 66 ;Jerc::n[ or dIe
~. lIld ~samaces within ~/-ZOO perc::nt af me 5~le ~t1IIlace for 30 ge:c~ of me
canks (38 out of .J.7 tanks :n me sample~ population). tilUS. lpproximateiy
30 ?erc::n[ of me canks llad ?redic:ed. ~vencones ·.vidlin 1 ric:or Jf::b.ree af dle :iampie
denved. ~stimaces. ?or ::nose~ 'Naere ~e :::nodei to sampie devlauons 'Nere ilgn.
~ese ..ie·/laoons .::ie:J.riy ~xc::ed.ed. dle 95 gerc::nc :onride:lc:: lnce:-"alsdedned. in EIDW
Rev.~. [n ame: :Norcis. che?5 ;erc::nc C1 in EillW. Rev . ..l does :lOC Iuiy :eprese:Ic:he
wlae range of variability round mrile ~Sr :mic ?opmation

There ue 1 :lumber of ?cce:lua! de:1cie~c:es in die fo-::DW :nodeL One limicaaon
involves :he lC~:lraCe idenofication of ill iludge [ayers in ~'1e ~ics. lhis may b~ 1

ge:1e:-!c probie:n tor many cani<s. One way co ~uce che ?ossibte ~:cre:l[ Jf iD.is ~~r is
co -::oss .::heck u.'1e HDW modei TI...'y( (T.lIlk L1ye~~g y{odei) ?roriie 19ainst ::ore
sample profiies from chose :anks JlaC ~ve bee:! core :iampied. The second soure:: of
~:7or invoives dle disnibunon of waste ~o ::he second or chIrd. ':.J.I1ics m a. ·.::I.S\:3.cie. The
distribution lSSurnPClOns in me :node! ne:d. i:O be :hedced 19ains. :he sample daca :or me
downsrrem1 :an..ics til die cJ.Sc:t.de. The wd saurc~ of :::-:-or inVOLVes dIe :;omposinon of
such waste n me downsrre:un ,ec:ive::anks. T'b.e HDW :node! lSsumes :.f}ac :hese
was.es llave :he same COIIllJosltion ?rorlle. Sinc:: various .:ompone:lrs iecrle lC different
races. depenc;ing on the solubility and size of 9recipicaces mac lI'e ~onned. me
downsrre:un tanks probably ':ontain 1 sludge dIac is different ~ composition from me
slUdge in che ?r.mary rec::ve: '-Ulks. E=or some: :-:ldionuciides. such lS JOSr . ~e:
orecioication oroc::sses in me !Jr-...sence Jf fe:-:1c iron mav be :nore irnlJo~..anc in me........ ~.

pr;jnary secr1ing i:anK r.han in one of me downsue:un ::lIlb 'Nhere ~~S .ron tS .::x?ec::ed. in
the waste. CJ-orecilJication with iron :;ould bias me ~xoec:ed disLlLouClon ;,attem :or
~Sr. [f organic' .;:ompleX:l.!l[S lI'e ~r-...se:lt. a 5ig!lirlcanc fnc:lon ':>c" ::.he ~Sr ;mghc noc
orec:oicatc ~'1en in c.r.'e "rese~ce of iron. C:temlSuv ..:ondinons :n ::he :::m..lc ;;:m have m... ... .
i.n1po~...an[ lifec: 'In me behavi.or of nc: .-:ldionuciides. Far:his re:t.Son. une :ihouid
aiways iI"f :0 .::t.iibrace ootil :01e .1lode: :lIla unae:iying assumptions :n :he :noue! with
sample dau :rom c..i}e i:arge~ ::mk ?opuiation.

- ..-:,-_..:
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The HDW Mode! c:lI1 be used. in a variety of ways co :-ationaiize dle diStribution or
crace ladionuclides. co cest che consistency of sample based estimaees. or co lest the
validity and a.c=u.rae;i of the waste cransaction :-ecords for ce:-..ain can.lcs. The model can
also be adjusccd co minimize oossible disc:eoancies between model and samule derived

" .
~stimateS. With mcn adjustments. me model C3ll be '.lSed co produce more reliable
predictions for chose canks Wltl1 common waste cypes chae have noe been sampled. Since
many or dIese adjustments '::lI1 be lIsa made for analytes where me sample data ~xistS.

ie should be ~ossible co 2ilor me model output for groups of radionuc!ides mat~;dubi[

common c:J~str;, behavior. For ::xample. ~Sr couid be used co simulaee me behavior
of insoluble radionudides. :iUC:t 1$ che a.ctmides. ~S-UU5'E:.l could be :lSed for ate :iemi­
mluble radionuc!icies: lOd iJ'i'Cs could be used co simulate ·:he oenaVlor of solubie
:-adioQuctk This approach would presumably l~d to a berter disnibution of dIe
radionuclil..... -l.C1 signiiic:mc1y Unproved i4I1k inventory fJrediC'~ons.
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