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HANFORD DEFINED WASTE MODEL
LIMITATIONS AND IMPROVEMENTS

1.0 INTRODUCTION

1.1 BACKGROUND: RECOMMENDATION 93-5 IMPLEMENTATION PLAN

Ou September 9, 1993, the U.S. Deparment of Energy (DOE) accepred Defense
Nuclear Fucilities Safery Board (DNFSB) Recommendarion 93-5 (O'Leary 1993).
Recommendation 93-3 aotes that there is insufficient tank waste technical information
to ensure that Hanrord Site tank wastes can be sareiy stored. that associated operations
can be safely conducted. and that furure disposal data requirements can be met.

|

Since Recommendation 93-3 was issued, significant progress has besn made in
understanding tank sarety-celated phenomena, resolving tank safety issues. and
enhancing the capabilities and erficiency of tank waste characterization operatons.
Accomplishments in each of these areas led to the realization thar ank sarety issues can
not be resolved solely by accelerating w@ank waste sampling and analysis activites. [t
was decided thar the key 0 resolving satery issues is t0 bexter understand safery- related
tank waste piienomena.

A revised characterization and safery stategy was developed in May of 1996.
This revised swategy, DOE/RL 94-0001, “Recommendation 93-5 Implementation Plan,
Revision 1,” (DOE-RL 1996) is a multifaceted approach consisung of aumerous
activities. [n general. the primary focus is on maintaining tanks in an interim
conriguration using sarefy measures. engineering conwols. administrauve procedures,
and mitigative actions. Key elements of the approach include sampling of High Priority
Tanks, safery screening sample analyses, qualification of rotary mode core sampling,
and determination of flammable gas concentrations and the presence of organic
solvents.

Section 3.6 and Appendix J of the Recommendarion 93-5 Implementation Plan
discuss completion of tank waste sampling and analysis in accordance with the Tank
Characrerization Technical Sampling Basis (Brown et al. 1998). Sampling and analysis
plans focus on providing the highest prioriry tank waste information by imposing a
multitude of Tank Waste Remediadon System (TWRS) Data Quality Objectives
(DQOs).

Section 3.6.3.1 of the Recommendation 93-3 Implementation Plan lists milestones
for addressing DNFSB concerns regarding tank waste characterization and safery. One
of the milestones. 5.6.3.1.i, requires issuance of this report addressing ~Updates to the
Tank Contents Model or Derine Limitations of the Model.” Other related DNFSB
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milestones that have been completed in prior fiscal years inciude 5.6.3.1.d. ‘Updaté
Historical Tank Content Estimates (HTCEs)” and 5.6.3.1.f, “Provide Standard
[nventory Estmates for ail Tanks.”

1.2 WASTE CHARACTERIZATION AND SAFETY STRATEGY

Hanford’s single- and double-shell tank wastes are diverse due (0 aqumerous
processing operauons conducted over the past four to five decades. This diversity of
processing operatons, coupled with incomplete records of tank waste wansfers over the
vears, creates a complex chalilenge for tank waste characterization. This situation is
complicated by limited riser locations for sampling, incomplete core recovery during
sampling, and spadal variability within the wastes.

A fundamental step in tank waste characterization is the development of an
approach for acquiring tank waste samples and 2valuating ank waste informadon. In
an unconstrained environment. standard ank waste sampling schemes (random grids.
sequential sampling, etc.) could be implemented t0 reduce uncertainues associated with
estimating ank waste inventories. However, the wank waste sampling situation is highly
constrained ar the Hanrord Site. As a result, 3 meaningrul, stacstcally defensiple
picture or tank waste inventories cannot be provided through sampling alone.

Consequently, tank waste samples cannot be considered in isolaton. Numerous
sources of tank waste information 2xist, and must de considered in conjuncton with
sample results to develop a more thorough understanding of cank waste inventories.
These sources of information include process flowsheets. chemical use records.
material purchase records, waste ansfer histories. surveillance measurements.
aumerical model predicdons. and other sources of ank waste daa.

Two key sourcss of information used in determming rank waste inventories are (1)
the analytical data from samples of @ank wastes, and (2) aumerical model predictions of
tank inveatories using the Hanford Defined Waste (HDW) Rev. 4 model (Agnew et al.
1997). The HDW model estimates tank inventories based on historical waste
processing records. Engineering assessments are also performed to determine tank
waste inventories. The engineering assessments are based on process aistory and
evaluation of samples from other tanks believed to contain similar waste types (i.e.,
ank groupings and associared waste type templates). Although snginesring assessments
utilize process history, some input assumpuons (e.g.. flowsheet basis) may differ from
those assumed in the HDW modet if the revised assumptions are beiieved to be a bemer
representation of the acrual situaton. '

("]
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1.3 BEST-BASIS INVENTORY ESTIMATES

DNFSB milestone 5.6.5.1.f. “Standard [nventory Estimates for all Tanks.” was
completed in August of 1997. These standard inventory estimates, more commonly
referred (0 as the Best-Basis Inventories (BBIs), include 25 chemical analytes and 46
radionuclides. The chemical analytes and radionuclides comprising the BBIs were
detrermined following review of applicable TWRS programmatic DQOs. The BBIs
were generated on a @ank-specific, as well as global basis, and represent greater than
99 percent ot the chemical mass and radionuclide activity in Hanrord tank wastes. The
global inventory esumates include five additional chemical anaiytes that were
inroduced during fue! fabricadon. fuel fission and activation. chemical process
operanons, and chemical umpurities.

The BBIs are based on acrual sampie resuits, when the data are available and
deemed reliable. In the absence orf acual sample results. engineering assessments are
conducred (0 exmapolate knowledge gained from sampled tanks o0 tanks believed to
contain similar waste rypes. In the absencs of reliabie sample resuits and a basis for
engineering assessment axmrapolauons, HDW model (Rev. 4) (Agnew et al. 1997)
nventory predictions are used. During the development of the 8BIs, all sources of
ank inventory information (sampie cesults. 2ngineering assessments. and HDW modet
predictions) were considered and reconciled against one another 0 arrive at the best
estimate of ank waste inventories. This methodology is discussed further in Standard
[nvenrories of Chemicals and Radionuclides in Hanjord Site Tank Wasres (Kupter =t al.
1998).

This report addresses how the information gained from the sampling and
analysis of high priority tanks has resuited in updates to the HDW mode!l. Existing
limitations of the HDW mode! are also discussed along with proposals for additional
modei enhancements o umprove the mode!’s predictive capabilities, where warranted.

1.4 EVALUATION OF THE TANK CONTENTS MODEL

The quality of HDW model predictions must be assessed to ensure the credibility -
and defensibility of mode!-based predictions of tank waste inventories. The historical
information forming the basis for the HDW model. although exiensive, is stll
incomplete. Furthermore. certain assumptions cegarding waste content and behavior
are embedded within the HDW model’s architecrure. The resulting model-based
predictions of tank waste inventories contain potental inaccuracies that need o be
berter understood and quantified. This report discusses the results of HDW model
evaluations in each of the rollowing areas:

Input information. Zvaluate source terms, solubilities. split factors, transaction
records. and other Xey inpurt data necessary for predicting tank waste inventories.

)
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Assumptions and sensidvities. Evaluate the physical  : chemical constraints
imposed by embedded modeling assumptions and determine :he mode} mtroduces,
dampeas, or exacerbates variability in the tank waste invento,y Sumares.

‘Ourput comparisons and uncertainties. Compare sampling data and model
predictions (0 examine model accuracy, and evaluate uncertaindes associated with
process and analyte solubility vartations.

[n additon o these areas of avaluation, a Hisrorical Mode! Evaluarion Dara
Requiremenrs (Simpson and McCain 1997) Data Quality Objectve (DQO) document
was prepared in support of @ank waste sampling activides. This DQO is being used to
obuain information through sefective tank waste samcling to refine common waste [yg=:
compositions (waste emplates) and quanufy uncertainues n @ank wasle mvenwory
predictions.

1.5 USE OF THE TANK CONTENTS MODEL: HDW MODEL (REV. 4)

Wten the HDW mode! was inidally developed. there was a concern that
individu.. .ank-by-:ank inventories could not be well documented. The original
intended use of the HDW model was 0 provide a tank-by-iank estimate of the @ank
chemical inventories. Since that dme. the tank-by-tank esumates have been developed
using sample dara and process knowledge. Currenty. the primary aeed for the HDW
mode! is to 2stimate the tank-by-ank diswribution of radionuclides.

It is generally preferable 0 base tank waste invenrories on actual sampie results
when the dara are availabie and deemed reliable. This includes exwrapolatons of
sample results from sampied to unsampied tanks if the process history and waste
ransacton records suggest that the tanks contain similar waste types. With some
exceptions, tank waste samples (particularly core samples) appear to be representauve
of the flowshest of the waste separations process. [n the absence of reliabie sample
results and a sound technical basis for =xmrapolating sample resuits from one tank -0
another, the HDW model provides a process history-based prediction of indiviar.u tank
waste inventories.

Although sample-based inventories are preferred, engineering assessment-based
inventories provide an important verification functicn. [t is possibie for sampie-based
inventories to be biased as a result of limited sampling locatons, poor sample recovery,
and spatial heterogeneities within the waste. Engineering assessment-based inventories
provide a process flowshest or similar waste-type comparison (0 determine if sample-
based inventories are the dest representaton of rank contents.

Comparison of sample-based and sngineering assessment-based inventories with
the HDW model predictions can be very useful. Major differsnces in the inventories
pradicted by the various methods could resuit {rom biases in the sample results,



HNF-3273

Revision 0A
variations in assumed procsss flowsheets, or invaiid assumptions used by the HDW
modet. Experience has shown that some defined waste compositions used by the HDW
model differ from chose derived from engine=ring assessments or indicated from sample
data. Also, assumpuons in the HDW mode] regarding component solubilities and
existing waste (ypes in the anks, sometimes differ sigmificantly from those assumed in
engineering assessments or indicated from sampie data.

For the 25 chemical analytes comprising the BBI, sufficient analytical informaton
1s usually obtamned from sampling the @nk or can be 2xtrapolated from sampies from
tanks conmaining similar waste types. (0 esumate @ank inventories. More than
90 percemt of the toal chemical mass is determined by this method. Consequenty, the
HDW modet is generaily aot nesded for chemucal inventory astimates. but is orten used
for comparison purposes.

The total (global) radionuclide inventories presented in the the HDW mode! are
based on the ORIGEN2 code (see Section 2.1.5 and Apppendix D of this report). The
HDW modet is used primarily to distribute radionuctides to individual tanks. The BBI
radionuclide inventory currendy consists of 46 radionuclides. Some of the
radionuclides are well represented by sample dat. typicaily *Sr. *’Cs, *'Am. 2Py,
towl alpha content and towal uranum. One application of the HDW mode! in generaring
BBI values is the calculation of the diswribution of uraruum and aipha isotopes. That is.
the isotopic distribution of uranium predicted bv the model is normalized to the uranium
chemical inventory determined by sample analysis. and isotopes of Pu. Am. and Cm
predicted by the model are normalized to the total alpha nventory determined by
sample analysis. Some sample information is also available for ®Co and ®Tc. The °
remainder of the radionuclide inventory estimates derauit o HDW model values. Some
of the radionuclides for which limle sampiing data exist (e.g.. ®Tc. *Sa. ™Se. and
others) are critcally important from a safety risk and performance assessment
perspecuve, even though they represent a relatively small porton of the radionuciide
mventory (by acuviry).

A representauve database for chemical analytes contained in the anks has been
developed as a result of extensive core sampling in roughly 100 Hanford Site singie-
shell tanks (SSTs) and double-shell wnks (DSTs). This chemical analyte database has
been used (0 conswuct engineering estimates of the composition of common waste ypes
(waste emplates) found in the anks. The Tank Layer Model (TLM) portion of the
HDW modei is used in conjunction with these composition astimates as the basis for
inventory esumates of tanks without sampies. Since the information used by the HDW
model to predict chemical and radionuclide inventories is typically based on the same
set of historical records. it is possible to test the validity of the HDW model for various
groups of anks. The objective would be to not only test the validity of the HDW
model. but also identify areas where chemical anaiyte inventory predictions could be
improved and used for becer radionuclide inventory esumates (i.2., chemical analogs

i
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that mimic radionuclide behavior). This is discussed further in Appendix E of dus
report.

1.6 IMPACT OF NOT USING THE HDW MODEL

The potential impact of not using the HDW model may or may aot be
significant, depending on the analyte of interest. Less than 10 percent of the chemical
inventory is derived from the HDW modef. Toual radionuclide inventories are
currently available from ORIGEN2 data and DKPRO analysis. The wank-by-iank
distribution of *Sr and “'Cs are well understood from sample anaiysis and process
history based engineering assessments. Uranium isotope distribuuons may be less
precise than current estimates if the HDW mode! were aot used. The ank-bv-ank
distribution of most radionuctides would be impossibie to predict in the absencs of the
HDW model.

(o )
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2.0 HANFORD DEFINED WASTE MODEL DEVELOPMENT

2.1 THE HDW MODEL

An insightful first step in the characterization of tank waste is the compilation and
evaluation of historical information regarding the waste-generating procasses and the
transter of waste materials 0 and trom anks. This historical information provides a
sound basis for a “tirst approximarion” of tank contents that can be compared (o actual
ank waste sample results.

A more complete description of tank contents was developed trom historical
records (Historical Tank Content Esumates, (HTCEs]) to meet DNFSB milestone
5.6.5.1.d. The HTCE:s included all conuributing waste streams for each @nk © predict
an overall tank waste inventory.

[n order to prepare the HTCES, the following rnajof tasks were completed:

» Chemical compositons for 48 process waste streams from four separations
plants. several different radionuclide recovery operations. and 2ight different
2vaporator campaigns were derined (HDW, Agnew 2t al. 1996).

» Fifty years of process history and more than 40.000 documented transactions
were organuzed into a structured database (WSTRS, Agnew et al. 1995a).

e Volumes and locations of the various process wastes in the tank farms were
estimated (TLM, Agnew er al. 1995p).

» Compositions of concenmrated and non-concentrated supernatant mixrures
were calculated (Supernatant Mixing Model (SMM], Agnew et al. 1996).

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

2.1.1 HDW Model - Rev. 0

The HDW model was first used to predict chemical and radionuclide inveatories
in Northeast and Southwest quadrant tanks in June of 1994 (Rev. 0). The Northeast
quadrant includes tanks in 241-A, -AX, -B, -BX. -BY, and -C tank farms. The
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Southwest quadrant includzs tanks in 241-S, -SX, and -U wnk farms. Revision 0 of the
HDW model assumed single waste types for saltcake and salit sfurry.

2.1.2 HDW Modet - Rev. 1

[n the Fall of 1994, Revision | of the HDW mode! was used to predict the
chemical 2nd radionuclide inventories for all SSTs (Northeast. Northwest, and
Southwest quadrants). Chemucal and radionuclide inventories in the double-shell tanks
(Southeast quadrant) were esumated in March of 1995. '

The major difference between Revision 0 and Revision | was the addition of
process vessel corrosion source terms (Fe, Cr. and Ni) and a source term for hard
water (Ca). Revision | also blended ail evaporator campaigns into multi-year
composites. The evaporator blends were an improvement over the single waste types
for saltcake and salt slurry assumed in Revision 0. The evar-rator blends provided
good representations of the total waste generated during ac  1ign and overall waste
volume reduction. However, one of the probiems with Re: a1 was that it calculated
37Cs and *Sr inventories roughly 20 percent higher than would be 2xpected.

2.1.3 HL Model - Rev. 2

Revision 2 of the HDW model was issued in the Winter of 1995 (Agnew =t al.
1995¢c). The five later evaporator campaigns were 2xpressed on a @ank-byv-tank basis
using the Supernatant Mixing Mode! (SMM) 0 predict waste concenrration histories
through each of the evaporeir campaigns.

A Revision 2.1 was issued to correct problems with the calculation of water
content and total organic carbon (TOC). Revision 2. and itc  ccessor Revision 2.1,
improved the *’Cs and *Sr inventory calculation deficiencies wherent in Revision 1.
Revision 2.1 also inctuded chloride and potassium source terms that are affected by
sodium hydroxide additions. Several other changes were . ¢ including the addition
of a mercury source term for the fuet decladding process, si.sht adjustuments (o the
wastes generated by the uranium recovery process, and realignment of the first- and
second-cycle bismuth phosphate process waste campaigns.

Revision 2 also reducsd the process vessel corrosion source terms for early
bismuth phosphate wastes and decladding wastes. This reducton i corrosion source
terms was consistent with the fact that bismuth phosphate and decladding waste
processes were much less corrosive than zither the reducton and oxidation (R 20X)
or plutonium-uranium extraction (PUREX) procssses.

vite improvements made in Revision 2 and Revision 2.1, problems still existed
as : > of incomplete waste Tansaction records for later evaporator campaigns and
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cesultant impacts on the distribution of waste concenrrates. Most notable were
problems with chemically impossible over concearraton (e.g., Na in excess of
16 mol/L) while slurry recsivers were more dilute than expected.

2.1.4 HDW Model - Rev. 3

Revision 3 of the HDW model was issued in May of 1996 (Agnew =t al. 1996).
Extensive modifications of the WSTRS dataset occurred as a result of adjusting
evaporaror ransactions (0 blend on a quarterty, or 2ven {iner ume scale. [mprovements
in the ransaction records were possible through the discovery and incorporation of new
2vaporator logbook datasets. An extensive set of reports addressing 242-S and 242-A
avaporator operations were also uncovered and incorporated. Unforwnately, detailed
information regarding 242-T evaporator operations was lacking.

The analyte list included 4 radionuclides (**’Cs, *Sr. **Pu. and **U) and 33
nonradioactive chemical species (Na. Al, Fe, Cr. Bi. La. Hg, Zr. Pb, Ni, Sr (stable),
Mn, Ca. K. OH. nirrate. nirrite. carbonate. phosphate, sulfate, silicate. F. Cl. cirrate,
sthylenediamineterraacetic acid (EDTA], hydroxyethylethylenediaminemriaceuc acid
(HEDTA], glycolate, acetate, oxalate, diburyl phosphate (DBP], butanol, ammonia. and
ferrocyanide). Five waste properties are also included (density, wi% water, wt% TOC,
sludge void fracrion. and heat load).

Analyte inventories change very licle from previous versions of the model. Most
notable were changes in Pb, Mn. and oxalate inventories. The Pb inventores increased
bv almost two orders of magnitude due to the inclusion of the Pb coatng that covered
aach fuel slug. An error was discovered in the Mn concentration in PUREX organic
wash wastes during the 1963 to 1967 dme period. The correction of this error reduced
the Mn inventory by a factor of five. The oxaiate inventory increased by a ractor of
three as a result of a decrease in the assumed soiubility {imit.

2.1.5 HDW Model -~ Rev. 4

The current version of the HDW model. Revision 4, was issued in January of
1997 (Agnew 2t al. 1997). Two primary modifications were made in this version of the
model. First, the aumber of radionuctides with predicted inventories was expanded
from four 0 46. Secondly. calculations of analyte variabilities for 2ach tank based on
process and solubility uncertaintes were included.

The historical Fuel Activity Daua File generated by the DKPRO' computer code is
the HDW model s primary radionucfide source :erm. This file determines the acuvity,

" DKPRO is a computer code for radioactive decay and separations processing.
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in terms of curies, for the 46 radionuctides in each of 1,276 batches of Hanford reactor
fuei processed through the separatons piants rom 1944 through 1989. The DKPRO
calculations of radionuclide activity are based on ORIGEN2? computer runs that predict
discharged fuel activity for a series of fuet exposure levels and fuel types. The ourput
from the DKPRO computer code is expressed in terms of curies per fuel batch.
Revision 4 represents the first acempt at carrying radionuclides through reprocessing
for uranium recovery and B-Plant S¢/Cs campaigns.

Revision 4 also addresses two sources of uncertainty resuiting from process and
solubility variations. The variaton of 33 procssses is calculated at ~/-1.00 Relauve
Standard Deviation (RSD) t0 generate two scenarios. [wo separale sc2narios are also
calculated for 24 analyte solubilities that are varied as a group by —/-1.00 RSD, along
with 16 analyte solubilities that are varied independently for 32 additonal scenarios. [n
all, 36 scenarios of the 48 HDWs provide 1,728 variations for 2ach inalyte in 2ach tank
at =/-1.00 RSD. Maximum and minimum variations are selected {rom this set 0
represent +/-1.00 RSD (67 percent conridence interval). Another 1.728 variations are
calculated for the +/-1.96 RSD. Their maximum and minimum variations then
determine the =—/-1.96 RSD (93 percent confidence interval).

2.2 HDW MODEL (REVISION 4) USER INTERFACE

The HDW model may be useful for predicting the chemical and radionuclide
inventories in tanks where 10 sampling results exist or where a basis for sngineering
assessment exwapolations from similar @anks is not possible. [n an effort (o maximize
the dexibility of the HDW model and easily accommodate changes in model input
parameters and assumptons. 2 HDW modet user interface was developed during Fiscal
Year (FY) 1998.

The user interface provides on-line interaction with the HDW model. [t is writen
in Visual Basic’ for Applicadons. the standard macro programming language for all
Microsort Office* applications. Three Microsoft Excel’ worikbooks and one dynamic
link library file were developed to facilitate access to, and manipulation of, HDW
mode! input parameters and assumpuons. '

Once the user imterface is accessed, a series of tabs are provided o make changes
in the HDW mode! input parameters and assumptions. A *“General” @b includes
options for automaticaily adjustng the fraction precipitated in the HDW model.
establish the run date for inventory estimates. check for values excesding user-definable

* ORIGEN? (Qak Ridge Isotope Generation) is a2 computer 2ode.
3 Visual Basic is a rademark of Microsott Corporation.

* Microsott Office is 2 rademark of Microsoft Corporauon.

5 Microsoft Excsl is a trademark of Microsoft Corporation.

10
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limits, and generate a log file of changes to che HDW modet input parameters and
assumpuons.

A “Solubility Limits” tab nables changes to solubility limits in one of two ways.
First, solubiliry limits can be set for a given chemical analyte. Secondly, the fraction
precipitated for sach HDW waste type can be set individually. When a chemical
analyte or HDW waste type is selected. the corresponding values tor the species are
displayed for the supernatant and sludge conceawranons. The traction precipitated can
be adjusted auromatically as changes are saved if this option is selected under the
*General”™ @b.

A “Process Chemicals” tab allows determinarion of chemical and radionuclide
concentrations ior each HDW waste type. Chernicals can be added to each of the
HDW waste cypes. [f a chemical and associated waste type is caiculated by
spreadshests embedded witun the HDW modet, then a message wiil be displayed
indicating that the value cannot be changed.

A “WSTRS Transaction” @b includes options for editing, inserting, and deleting
ransacdons from the WSTRS dataset. Waste wransactions are displayed on a quarterly
basis for a given wnk and vear. If a particular wasie Tansacuon is iabeled 1s a “send”
or “receive”. then the corresponding tank s waste transactons will be displayed with
the send/receive ansacton highlighted. Although a greart deai of fexibility and
freedom are provided with respect ‘0 changing WSTRS wansacuons. there are certain
testrictons based on ansacton type and whezher it is an edit. insertion. or delerion.
For zxample, the volume percent solids and solids type can only be accessed for the
addition of primary wastes rom a processing plant (xin. always posiave) or a ranster
from another tank (rec, always positive). This tab also contains the option (0 Create a
“virmal leak @ank” w Tack all ransactions designated as tank leaks.

e
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3.0 LIMITATIONS AND ACCURACY OF HDW MODEL - RADIONUCLIDES.

The HDW (Rev. 4) model and it’s supporting codes, DKPRO and ORIGEN2
were used (0 predict ank-by-tank inventories for 46 key radionuclides as well as
“global” inventories for all 177 anks. 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) tank specific 2rrors retated to the difficuity of modeling in-tank
chemistry and rank-to-iank waste transters. The following sections are presented to
describe the magnirude of unceruainties in the HDW (Rev. 4) modetl’s prediction of
global and individuai tank inventories. A major objective is to idenury the degres of
modei unprovement that could be gained by various modifications o the modet.

3.1 UNCE‘RTAINTIES AFFECTING GLOBAL INVENTORY MODELING

The current degree of bias in Rev. 4 global values has been 2valuated via a
sensidvity study in which individual input parameters. used in the supporting ORIGEN2
code, were updated. ORIGEN2 code input parameters were adjusted to account {or
recently updated darta libraries defining (1) auclear cross secdons, (2) the ume
variability of certain uranium fuel impurites which serve as arget auclides for
activaton product generation. (3) radionuctide haif-lives. and 4) fission product vield
factors. These four parameters all arfect the ORIGEN?2 code's prediction of
radionuclide activiry in fuel chat 2ntered Hanrord separations plants. Appendix D gives
details describing the results of individual parameter adjusunents.

HDW model Rev. 4 giobal inventory values also contain uncertainties related to
fracrional losses of certain radionuclides that occurred during fuel separatons
operations (i.2., losses o amnosphere, process condensate. and product swreams). [n the
HDW mode! many of these loss arfects are (conservarively) neglected. For the
exrracted “product” elements (U, Pu, Np) the model has used loss factors containing
uncertainties, which really cannot be characterized unul additional anks are sampled
and analyzed.

Table 3-1 summarizes “bias factors” for 46 kev radionuclides associated with the
composite effect of adjusting the four ORIGEN? input parameters. The bias factors
express the ratio of the giobal curie inventory as caiculated with updated input
parameters {0 the original curie inventory as calculated by the HDW mode! (Rev. 4).
For example. the bias factor for “C means that the updated curie inventory for “°C is
80 percent of the value predicted by the HDW modet (Rev. 4). Comments in the
“Qther Factors” column indicate that there are additional sources of uncerwinty in the
global inventory related to procsssing losses and decay caicuiation limitarions.
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Table 3-1. Unceruainty in Global [nventory Values.
i Comqu,l «© Other uncertainty factors
| bias
P H3 0.99 The HDW mode! assumes 100% of idum in fuel is
‘ routed (o tank waswe. Due 1o losses t0 atnosphere and
| condensare. acmal tank inventories are significanty less.
' Cl4 0.80 Addigonal uncertainty may exist. associated with losses of
| ' C-{4 10 atmospheric 2mussions.
| CO60 @ 275
| NIS9 i 118
G 1.35
SET9 0.042 -
0.092
SRS0 0.99 The HDW ¢lobal inventory for Sc-90 may be biased low
by 14% due (o internal assumptons accounung for the
quantry of Sr-90 separated in B-Plant and routed 0
_ i capsules. offsite. olant residuals and solid wastes.
Y% | 099
ZR93 ! 1.00 f
! NB9%3m . 1.00 '
[ TC99 | 1.00 | The HDW global inventory for *Tc may de biased high by
; | ’ about 32% due (o ir’s not accounting for the tfracuonal
i u | separation of Tc (to the uranium product stream) m the
': I | uranium recoverv. PUREX. and REDOX orocesses.
. RUL06 ¢ 100
| CD113m ! 0.66 -;
| SN126 | 0.26 -0.32
| SBI125 0.85 :
[129 0.76 - Additonal uncertainty may exist. associated wich losses of
| “**1 10 ammospheric emissions from fue! dissolution
i operations. The HDW model assumes 100% is routed ©
{ ank waste. '
CS134 | 1.00 |
CS137 1.00 | The HDW global inventory for "Cs may be biased
' slighdy high (less than 2%) due o internal assumptions
| accounting for the quantity of “"Cs separated n B-Plant
: and routed to capsules, oifsite, plant residuals and soiid
| wastes.
! BAl37Tm | 1.00
| SMI151 © 106
: EULS2 0.91
EUL34 0.89
gU135 0.97
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Table 3-1. Uncerrainty in Giobal [nventory Values.
Composite ! . !
e Other uncertainty factors 5
bias ' |
RA226 .00 . The HDW glooal inventory for “*Ra is biased (see note a) | I
by factors of 0.03 - 1.0 due to decay caiculauon :
limitations and devending on waste ype. i
RAZ22S 1.00 - The HDW globai inventory for —*Ra is biased by factors
of 0.02 - 1.0 due to decay calcuiation limitations and
: depending on waste type.
AC227 1.00 | The HDW giobal inventory for =’ Ac is biased by factors
! of 0.03 - 1.0 due 0 decay calculation limitauons and
' depending on waste tvpe.
TH229 1.00 | The HDW global inventory for =™ is biased by factors of |
i 0.14 - 1.0 due to decay calcularion limitatuons and
| depending on waste ype.
TH232 1.00 | The HDW global inventory for STh is biased by factors |
, of 0.01- 1.0 due o decay calculation limitations and !
' depending on waste cyve.
S Gl A 1.00 | The HDW global invearory for uramum may be
' i i significandy uncertain due to the use of approximare
i | factors, wiilch account ror extmraczion losses and
' | assumpuons reiated (o the arficiency of U recovery from :
! ! Metal Waste sludges. ;;
- U235 1.00 ! ) :
. U234 1.00 -
. U235 1.00 - @
it U236 115 * ;
v U238 1.00 * )
NP237 : 0.72 ; The HDW glooal nventory for aepturuum may be i
| : significantly uncertain due to the use of approximate §
ﬁ | factors. which account for extraction losses. ’
PU258 0.95 : Tne HDW global inventory for plutorium may be
% significantly uncertain due to the use of approximate :
! factors. which account for exmaction losses. !
I PU239 0.99 *
. PU240 1.36 *
© PU24L @ L.13 -
P PU242 . 1.27 * ;
I AMZ241 L.18 f
L AM243 1.07
- CM242 1.00
. CM243 1.01
| CM244 1.01

LN
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Table 3-1. Uncertainty in Global [nventory Values.

Composite 'I

bias * Other uncertaincy factors

“'\.meposite bias represents the rado of (Inventory with updated ORIGEN2
parameters)/(Inventory with original ORIGEN? parameters).

3.2 UNCERTAINTIES AFFECTING INDIVIDUAL TANK INVENTORY

MODELING

This study assesses uncertainti ‘< = @ank-by-iank inventory predictions in three
ways: (1) by analyang the broad cr 'son serwesn model predicuons and analyucal
values for a set of 60 sampied and t ~{ ranks. (2) by systematicaily adjusting
various parameters in the HDW mew:: (such as chemical and radionuciide solubility

factors) to test the degres of match berween model and predictions and measured
inventory for seivcted anks. and (3) by comparison to independent calculations. The
wank selection ir~indes +7 core sampied SSTs and 15 DSTs with sampie values as of

1994, the last &7 © ..crion date.in the model. The second assessment uses systematc
adjustments of * .:ous parameters in the HDW model 0 ‘— - -ve the match derweer

model predictions and measured (analvtical) values for .. ‘ucuiar probiem or “outdier”
tanks. The third assessmemnt evaluates the degree of tank prediction error resulting om
the HDW mode!’s method of waste concentrauon averaging. Results rom assessment
(1) define the overall model-versus-sample error. Results from assessments (2) and (3)
identify certain sources of error in th.  .ode! and their conrribution o the overall error.

3.2.1 Sixty Tank Broad Comparison

 The analysis shows the degree of mismatch berween the Rev. 4 model (Agnew
1997, Appendix E) and measured results for ey radiorr  ies. [n this discussion,
measured tank inventory values are assumed (o be the m. valid. These comparisons
have been evaluated by simple *scamer plots” in Appendix A. The scarer plot for
137Cs indicates a refatively good match berween mode! and measured inventory for
Hanford's highest inventory tanks (such as 241-AZ-101 and -102): model/measurement
ranus vary from 0.4 0 2. For lower inventory tanks, however, (tanks contining less
than about 100.000 Ci of 'Cs) the mode! versus measurement uncertainty pecomes
celatively large: model/measuremen: ~itios 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.
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The scater plot for ®Sr, which is considered to be an insoluble fission product,
indicates good agresment {or the isolated, aging waste tanks (241-AZ-101 and -102),
but even greater scaner (than for *'Cs) for other tanks containing less than about 6
miilion curies. The average model prediction for these tanks appears © be diased
33 percent lower than the average of the measured values.

The scarter plot for *'Am, an insoiuble actinide and major alpha smitting
radionuclide, indicates a relatively poor match berween mode{ and sampie
measurements with 1 strong bias toward low predictions; a significant aumber of
predictions were found o be an order of magnitude low.

Scarter plots are also provided for *Co. ®Tc, and 7°Pu (ses Appendix A). Other
radionuclides either have aot been measured or oo few measurements flave been
obuained for a meaningful comparison. Thus. oredictions for other radionuclides can
only be inferred from the scanter observed for ®St, *’Cs and **'Am.

There are certain reasons for the observed mismatch berwesn model ind sampie-
based estmates. For Sr and '’Cs. the mismarch can be traced (o deficiencies in the
HDW model’s solubility parameters. radionuclide split factors (i.=.. {ractons leaving
fuel procsssing plants in dirfferent waste sweams). solids carryover {ractions (n tank
cascades, and the WSTRS dana {ile (historical waste wransrer records). The data scamer
for *'Am and the associated bias can be aced o additional factors—the *Derined
Waste Concenrrauon” averaging arror (se= Section 3.2.4) and perhaps (0 analyucai
accuracy. [Note that the mode!’s bias toward low predictions may oe only partally
explained by the use of outdated cross section data (ses Appendix D).]

3.2.2 Uncertainties Due To Solubility and Partidoning Factors.

A sensiuviry study was pertormed (o identfy the cause of certam errors and
improve model pertormance related 10 the modeling ot radionuciide chemisury n the
tank environment. As described in Appendix B, solubility or iracuon precipitated
solids parameters were modified to better reflect the ®Sr and “’Cs chemisay for 2ach
HDW cype. The model was updated with these parameters and the resuits were
compared with sample values for 60 tanks. The *Sr predictions were improved
50 percent while the overall accuracy of *’Cs predictions did not change. While these
modifications did not provide as much improvement as 2xpected. they did reveal that
most of the problems seem t© be associated with Bismuth Phosphate Process waste and
cladding waste.
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To investigate the potential for improving @nk-by-tank inventory predictions, the
HDW mode! was compared © sample based sstimates for dismuth and *Sr (ses
Appendix E for derails). The bismuth aial included 30 SSTs with a sample-based
inveatory of at least 300 kilograms of bismuth each. These tanks collecuvely conrtain
about 70 percent of the total bismuth inventory at Hanford. The HDW modei was
modified as necessarv © improve the (it between mode! and sample based estimates for
these tanks. The revised HDW model provided estimates within —/- 30 percent of the
sample inventory for 73 percent of the wanks. and estimates within +/-100 percent of
the sample inventory for 93 percent of the tanks. A similar study was also performed
tor 47 single-shell anks with sample derived *Sr inventories (Best-Basis [nventories).
The results show that the revised HDW model provided 2stimates withun
=/-100 percent of the sample estumate for 66 percent of the tanks. and esumates within
+/-200 percent of the sampie estimate for 80 percear of the tanks (38 out of +7 tanks in
the sample were high, these deviations clearly excseded the 95 percent confidence
intervals (CI) defined in the HDW model. [n other words. the 95 percent CI in the
HDW mode! does not uiy represent the wide range of vartaoility found m the %S¢ tank
populauon.

3.2.3 Uncertaindes Due to Waste Transaction Data Base Errors

Based on the results of solubility seasitvity studies described in Secton 3.2.2
(i.2., prediction errors for “7Cs do not appear to de caused by solubility erfects), it is
believed that the Waste Status and Transaction Record Summaries (WSTRS) may be a
major cause of modeling inaccuracies (Appendix D).

Approximatety 60 percent of the WSTRS transactions have been investigated and
verified against historical records. Transacuon records prior 0 1980 are incomplete as
a result of unrecorded waste transactions in many of the wanks. From 1980 to
January 1, 1994 (the cutorf date for the HDW model), waste ransaction records were
maintained in support of Operational Waste Volume Projectons (OWVP) and are
considered (o be complere. Addinonal waste ransactons have occurred since
January 1, 1994, that are not currendy included in the WSTRS dara set. However,
these mansactions are weil documented in support of anoual OWVP preparation. A
task to develop a waste transaction mechanism will be initiated in FY 1999. This waste
wansaction mechanism could be used to update the WSTRS dara ser to include all waste
transacrions since the January 1. 1994, cutorf date for the HDW model as weil as fumre
waste fransactons in support of tank {arm operations, tank waste retrieval and disposal.

An extensive 2rfort would be required to research archived historical waste
handling records in order to improve the completeness of the WSTRS dara set for wasie
ransacrions prior to 1980. Although many of the @anks have been sampled. providing
insights into tank waste layers and associated waste ansacuons, there are qumerous
instances of incomplete core recovery. [n cases of incomplete core recovery. there is
celiance upon enginesring assessments of process flowshests. other historical

18
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informauon. and HDW model predictions o infer the nature of unsampled regions of
tank waste. Expansion of the WSTRS dara set for wansactions prior o 1980 is
currently pianned as a FY 2000 wsk.

3.2.4 Uncertainties Due to Model Methodology (Waste Averaging)

One source of uncerwminty in tank-by-rank inventory predictions is associated with
the method used in the HDW model w0 generate its defined waste compositions. [n this
method. the detailed historical fuel batch acuviry file (giving curies in batches of fuel
for periods of one month or less) is summed over time spans of many years and divided
by the corresponding volume of waste generated over this time span [0 calculate an
“average derined waste concenmaton.” The use or this average concentration in
calculaung the curies added to individual tanks leads 0 modeling errors. which are the
result of two effects:

1) Over a period of several vears {fuel exposures were increased significanty
(specific fuel acuviry in curies per MTU increased), and

2)  Over the same operating period separation plant tlowsheets were imoroved to
significantly reducs the volumes of waste generated per MTU (liters per MTU
decreased).

The combination of these two effects means that actual waste composition values
(Ci/liter) have changed significandy over a period of vears. The arror occurs because
the HDW model assumes a constant average waste type composition f{or the period.
Tanks filled =arly in the period have their curie additions overestimated. while tanks
filled late in the period are underestimated.

An analysis by Wootan (1998) characterizes the magnitude of these 2rrors present
in the HDW modei’s estuimarte of curie inventory for various waste tvpes and particularly
tor those tanks which were rlled very 2arly or verv late in the “average waste™ ume
period. Note, that this analysis has been developed to the point of brackerting the generic
error for the most highly affected time periods (quarters), but not 0 the point of
idenufying specific tanks filled during those ume periods.

Results. detailed in Appendix C, vary by waste type and by radionuclide half-life.
For example:

e  Most longer lived radionuclide inventories estimated by the HDW model to
be in Bismuth Phosphate waste receiver tanks could be overpredicted by a
factor of 1.9 (1/0.33 = 1.9) or underpredicted by as much as a factor of 3,
depending on when during the period 1950 to 1956 <he wank was filled.
Because of its relatively short haif-life. the error range for '%Ru is zven
larger.
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. Model estimates for tanks filled with REDOX Process wasie generated from
1952 10 1957 could be overpredicting the longer half-lived radionuclides by
a factor of 2.2 (1/0.45 = 2.2) or underpredicung them by a {actor of 2.4.
(* Am and **Cm are exceptions in REDOX Process waste anks where the
invearories could be overpredicted by factors of 20 or greater and .
underpredicted by factors of up t 4.6, depending on when the tank was

filled.)

e  Tanks receiving PUREX Process waste during the period 1963 w0 1967
could he overpredicted by factors of 6 and underpredicted by factors of 2,
" depending on when the tanks were filled. The ““Cm in these same tanks
could be overpredicted by up w0 a factor of 50.

These uncertainry ranges are presented as an 2xample of the degree of uncertainry
present in model predictions for all waste cypes. For any single waste type, some tanks
will receive was™e that is predicted erroneously low; some anks will receive waste that
is predicted erru  usly high: while some tanks will surely receive waste where the
~average” concs. ition is represcnmn'\}e of the rue concentraticn.
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4.0 SUMMARY AND RECOMMENDATIONS

DNFSB milestone 3.6.3.1.f. “Standard Inventory Estimates for all Tanks.” was
completed in August of 1997. These standard inventory ssumates. more commonly
referred 1o as the BBIs. include 235 chemical analvtes and 46 cadionuclides. The BBIs
were generated on a ank-specific, as well as global basis, and represent greater than
99 percent ot the mass and radionuclide actviry in Hanrord tank wastes. During the
development or the BBIs, all sources of tank inventory information (sampie results.
anginesnng assessments and inventory predictions fom the HDW model. Rev. 4) are
considered and reconciled against one another o arrive at the best astimate of tank waste
invenrories.

Section 3.6.3.1 of the Recommendarion 93-5 [mpiementation Plan lists the
milestone 3.6.3.1.i. which requires issuance of this report addressing ~Updates o the
Tank Contents Mode! or Derine Limitations of the Model.” Validation and review of
the HDW model. Rev. 4, bases were part of the BBI erffort in FY 1996 and 1997. This
Section summarizes the results of the review and provides the conclusions and
recommendations for potenual {urure updates © the modet.

DNFSB Milestone 5.6.3.1.i requires thar the quality of HDW model oredictions
be assessed to determine the credibility and defensibility of modei-based predictions of
tank waste inventories. The resulting modei-based predictions of iank waste inventories
contain potenual inaccuracies and limitations that nesd 0 be becer understood and
quantified. The HDW model 2valuadons focused on 2ach of the xOﬂOWIIl“ areas:

o [nput informadon. Evaluation of HDW mode! sourcs erms. solubilites,
split factors. ransaction records, and other key input data necessary for
predicring @ank waste inventories.

e Ourput comparisons and unceruinties. Comparison of sampling dara and
mode! predictions to examine model accuracy and evaluartion of uncertaintes
associated with process and analyte solubility variauons.

This report defines uses and limitations of the HDW, Rev. 4, model. and lists
potential means to improve the accuracy of the HDW modet in predicting the chemicals
and radionuclides in Hanrord tank wastes.

4.1 USE OF HDW MODEL

The HDW mode! supports the BBI effort oy providing the basis for diswibuton on
a tank-by-ank basis for radionuciides thar were 10t represented by sample data. The
mode! also provides a basis for comparison with procsss flowsnests (waste ccmposition
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darta), process waste rypes, volumes and compositions of the waste types. and
evaluation of waste transaction dara. '

4.2 LIMITATIONS OF THE HDW MODEL

This effort identified several limitations of the HDW modet. The significance of
these !imitations must be assessed by the data users, i.e., the developers of the
performance assessment (PA), Hanford Tank [nitadves (HTD), vadose zone studies,
and Final Safery Analysis Reports (FSARs).

The mode! can be highly variable in accuracy of predicing ank-by-zank
inventories at this time. An 2valuaton of bismuth indicates that the HDW model
predicts the true bismuth invearory within a factor of ten for most @anks.

The model frequently provides 2stimates for ®Sr and ’Cs thar fall within one
order of magnimde of the measured value. The measured range of vaiues is Over six
orders of magnitude.

The mode! frequently provides sstimates for *Tc that fall within two orders of
magnitude of the measured value. The measured range of values is nearly four orders
of magrnutude.

The HDW model. as a predictor of the total (global) waste mnventory. is much
more accurate than it is for wank-by-iank inventories. For example, while the HDW
model’s prediction of individual wank “TCs inventories <an de uncertain by up o a
factor of 10 or more. the model’s prediction of global **Cs in all tanks is likely
accurate to within 15 percent. A similar level of global inventory accuracy can be
expected for most other non-exmacuable, noa-volatile fission products.

Global predictons for *Tc are astimated (o be accurate 0 within about
30 percent—this greater uncertainty being related o the uncertain fracuonal separation
of technetium (to the uranium product stream) in various fuel separauons procssses.
For activation products that have resulted form poorly characterized impurity levels in
reactor fuel, the HDW model’s prediction of global inventories may be even more
uncerain. (Radionuclides in this category are *Co, “C, ®Ni. and ®Ni.) For
radionuclides that have seen significant. ver poorly defined. chemical separation from

the waste streams (‘H. “C, *1). the HDW model’s prediction of global inventories may
also be significandy high.

4.3 [IDENTIFIED IMPROVEMENTS TO HDW MODEL

Part of a major update for use in a revised HDW model was already accomplished
in FY 1998. The DKPRO code was tun to create an updated Fuel Acuvicy File. In FY

~~
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1998. ORIGEN? codes were rerun (0 update the older basis used for the HDW (Rev. 4)
model. The DKPRO file accounts for: (1) improved cross section daa sets, (2)
improved half-life data for ®Se, ®™Nb, and ?*Sn. (3) ame variation of fuel impuriry
levels, important to the calculation of activaton products, and (4) improved {ission
yield facrors.

With minimal additional effort, the DKPRO and ORIGEN?2 codes could be cerun
to umprove the calculation of fuel acuviry at very low exposure levels.

Further potential improvements 0 the accuracy of the HDW model for chemicals
and radionuclides are discussed n Sections 2.0 and 3.0 and in additional dezail in
Appendicss B through E. The following summarizes key modificatons expected ©
provide the most benefit.

o Updating the model with improved solubiiity paramerers
o Updaung the model with improved radionuclide split factors
o Updaring the mode! with adjusted solids carryover faczors for cascaded tanks

« Adding decay correction calcuiations for *°U and #*Pu w0 the HDW model.
Other second order decay daughters (“*Ra. = Ac. =*Ra, =*Th. and “'P2)
could be deleted trom the mode! as a practical alternative o0 the task of
adding decay correction modifications

« Adding a new radionuclide to the modei—activation product *Cl
e Correcting the apparent 2rror in the model’s prediction of **Am

e Modifying the mode! o generate defined waste compositions (for
radionuclides) which more closely account for month-by-month variations in
fuel specific acuviry

o Correcting the WSTRS file to improve the accuracy of historical waste
transfer records (when model resuits are inconsistent with the sample dara).
This eifort would update the WSTRS file to account for missing ransaction
records. [n addition, the WSTRS file should be 2xtended to account for
waste ransactons that have occurred since the file was irozen as of January
1. 1994, (This task will likely require considerable tfort.)

e Verification/updating mode! tank layering orotiles based on core sample
profiles from tanks that have been core sampled
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» Modifying the HDW model to generate tank specific stumates that more
closety march sample results for key radionuclides

 Calibrating the model with key radionucfides or chemical surrogates
generate more refiable diswibudon proriles for radionuclides that are not
currently in our sampie populauon

With part or all of the modei modifications listed above, the HDW model could
be upgraded to Rev. 3. [t is 2nvisioned that a Rev. 5 version of the HDW modet would
be used o provide the basis for esumating the composition of analytes (prumarily
radionuclides) identified in high-level and low-activiry fe~ specificauons for waste
vitrification operations. Rev. 5 could also be used to pr= .t the compositions of
analytes that may be identified in the fumure as being important for risk assessment. @ank
closure, waste form pertormance. or {or feed specification compliance for waste
virrification. Such an improved model will also provide the basis for judging the
consistency of sample analytical daa from tanks with common waste types. Finally,
the model can aid in the development of @ank waste cOmPOSiLion UNCSITaincy 2sumares,
based on sample dara from common sludge layers or rom common supernates.

Tank specific analytical requirements, including t@ank closure requirements.
performance assessments (PAs). Hanford Tank [nitatives (RTI), vadose zope concerms,
Final Safety Analysis criteria (FSARs) and immobilization process requiréments. must
be astablished by data users (o0 determine qow well @ank-by-iank mnventory vaiues are
needed to succasstully meer 2ach of these missions. Whether the updated HDW model
will adequately provide these needs must be determined on a case-by-case basis.

14
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APPENDIX A

ASSESSMENT OF UNCERTAINTIES OF INDIVIDUAL TANK INVENTORY

This study assesses Hanford Defined Waste (HDW) mode! uncertainties in tank-
by-tank mventory predictions. A broad comparison is made betwesn model prediczions
and analyucal values for waste from 60 sampled and analyzed tanks. The tank selection
includes 47 core sampied SSTs and 15 DSTs with sample values as of 1994, the last
ransaction date m the model. This assessment uses systematic adjusunent of various
parameters in the HDW mode! o improve the match berween model predictions and
measured (analyucal) values for certain canks.

Scarter plots are presented in Figures A-1 through A-5 showing HDW Rev. 4
predictions for key auclides (®Co, *Sr, ®Tc. *'Cs, ®*Pu. *'Am). These plots are used
o0 show the relatonship between the HDW Rev. 4 prediction and the sample value for
the 60 sampled tanks. The tank inventory prediction (in cunes) is shown on the
horizontal axis while the sample value (in curies) is shown on the vertical axis.
Separate plots are provided for six representarive radionuclides.

This analysis shows the degree of mismarch berween the HDW Rev. 4 model
(Agnew 2t al. 1997. Appendix E) and measured cesults for key radionuclides: in most
cases. measured @ank wmventory values are assumed to be the more correct value.

Al.0 COMPARISON OF HDW REV. 4 TO SAMPLE ESTIMATES FOR
STRONTIUM-90

Figure A-1 compares the model to sample astimates for ®Sr. To interpret the
plot, one must compare data points o the 1:1 a diagonal line. This line represents a
perfect fit berween samples and modet predictions for all sampied tanks. Most tanks
are clustered pear the diagonal line. but three or four wank ctusters are clearly displaced
from the diagonal indicaring room for improved *Sr predictions.

The scarer plot for *®Sr. which is an insoluble fission product. indicates good
agreement for the isolated. aging waste tanks (241-AZ-101 and 102), but more scatter
(than for '"Cs) for tanks containing less than abourt 6 million curies. The average
mode! orediction for these tanks appears to be biased 33 perceat lower than the average
of the measured vaiues.
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Figure A-1. HDW Model Rev. 4 *Sr [nventory Prediction Versus Sample Value.
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Figure A-2.
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HDW Model Rev. 4 “"Cs Inventory Predicrion Versus

Sampie Vaiue.
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Figure A-3.
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HDW Rev. 4 ®Cg Prediction Versus Sample (or Best-Basis [nventory).
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Figure A-+. HDW Rev. 4 ®Tc Predicted [nventory Versus Sample
(or Best-Basis [nventory).
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Figure A-5. HDW Rev. 4 **Pu Prediction Versus Sample (ot Best-Basis

[nventory).
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HDW Rev. 4+ *'Am Prediction Versus Sample (or Best-Basis [nventory).
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A2.0 COMPARISON OF HDW REV. 4 TO SAMPLE
ESTIMATES FOR CESIUM-137

Figure A-2 compares the model t0 sample estimates for 1Cs. Casium-137 is a
very soluble radionuclide. The scamer plot for 7Cs indicates a refauvely good match
berween mode! and measured inventory for Hanford’s highest inventory tanks
(241-AZ-101 and -102), where model/measurement ratios varied from 0.4 10 2. For
lower inventory @nks, however, (tanks contining less than about 100.000 Ci of 91Cs)
the model versus measurement uncertainty becomes relatively large. with
model/measurement ratios varying from 0.015 o 50. The average model prediction for
these 60 tanks appears (o be biased 20 percent lower than the average of measured
values. The compressed scatter relaave o 0S¢ seems o indicate that soluble
radionuctides such as ‘*’Cs may be predicted more accurately than less soluble
cadionuclides like *Sr.

A3.0 OTHER RADIONUCLIDE COMPARISONS

Other comparisons were also generated for ®Co, ®Tc. *Pu. and *'Am. These
comparisons are presented in Figures A-3 through A-6, respecuvely. On these plots.
the aumbers on the diagonal represent a march berween the BBI and HDW Rev. 4
predictions. For ®Co. neariy all the off-diagonal points are above the diagonal
indicating the model’s predictons are biased significantly low relarive to sample values.
For ®Tc, a highly soluble radionuclide. the predictions are also biased low. For “%pu.
many of the tanks in the sample population have no sample or BBI values. These are
indicated by the points along the bottom of the plot. Only eight of the remaining anks
are off the diagonal and are evenly divided berwesn high and low vaiues. Finaily, for
*'Am. a srong bias toward low predictions is indicated with a significant aumber of
model values being an order of magnitude low.

A4.0 SUMMARY OF MODEL TO SAMPLE COMPARISONS

Evidence of sxcassive randomness and/or bias is evident from the HDW model
predictions for ®Sr and Cs. The ®Sr mean is biased 33 percent low and the log ratio
root mean square (RMS) value is 0.97. indica~ng a prediction uncertamcy of aine times
the sample. The F'Cs mean is biased 20 per. .z low and the log ratio RMS value is
0.71. showing a prediction uncertainty of five umes the sample. Evidence of 2xcessive
randomness and/or bias is 2ven more evident for other radionuclides. The 0Co mean is

A-10
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biased 80 percent low and has a log ratio RMS value of 1.4: the ®Tc mean is biased
60 percent low and has a RMS value of 1.0; the “*Pu mean is biased 160 percant high
and has a RMS value of 2.4: and the *'Am mean is biased 90 percent low and has a -
RMS value of 1.7. The “*Pu predicton is biased high because the best-basis inventory
values for many of the tanks were set o zero. The RMS values are significant in that
all represent prediction uncertainties that are 10 times larger than the sample values.

There are certain reasons for the observed difference berween the modei and
analytical measurements. For St and ¥Cs. the deficiencies can be traced 0 the HDW
model’s solubility parameters. radionuclide split factors (i.2.. Tractons leaving fuel
processing plants in different waste swreams). solids carrvover fractions in @ank
cascades, and the Waste Staus Transacuon Record Summary (WSTRS) darta file
(historical waste cranster cecords). The scatter for **' Am and large biases can be rracad
to other factors, including analytical uncertainty. (Note that the model’s bias coward
low predicuons is only partially due 0 the use of poor <ross section dawa (ses
Table D-3).] Appendix B evaluates the 2ffects of adjusting the HDW model soiubility
parameters on the predictive capabilities of the model.
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APPENDIX B

SOLUBILITY AND PARTITION FACTOR EFFECTS ON
' TANK INVENTORY PREDICTIONS

Appendix D of the Hanford Detined Waste (HDW) mode! (Agnew et al. 1997) provides
sstimates of the solids precipitared irom alkaline solutions (fraction precipitated estimate) by
waste type for cach radionuclide and chemical component. With the goal of improving model
performance. revised solubility or {raction prec:pitated solids esumates were derived to beuer
rerlect the Se-90 and Cs-137 chemisary for cach HDW rype. The mode! was updated with
these parameters and the results were compared with sample estimates for the 60 :anks in the
sample population. The HDW Model. Rev. 4. was modified using '’Cs and *Sr fraction
precipitated solids ssumates developed for ezach HDW tvpe based on process chemistury. The
model normally calcuiates these values from a single solubility iimit derined for each species.
Three different versions of the mode! were examined 2ach with a ditferent slate of fraction
precipitated solids 2stimates (Harmsen and Schulz 1998). These versions are called Case 1.
Case 2. and Case 5. which are compared 0 the ZDW Model. Rev. 4. and tank sample data.
The sample data were derived rom tanks from which one or more core samples have deen
taken (47 SSTs and 15 DSTs). The DSTs were chosen because those anks have had siable
inventories since 1994 (the final wansaction date in the HDW model).

B1.0 DEVELOPMENT OF PERFORMANCE MEASURES

Performance measures were also developed to assess improvements © the HDW
mode!l. These measures were used to compare HDW Rev. 4 predictions :0 sample values for
60 single and double-shell tanks.

Bl.l PERFORMANCE MEASURES

Performances measures were defined to provide a basis for comparing the models.
Initially. conventional scamer diagrams of model versus sample inveatory values were prepared
to compare the model’s predictive performance. When applied to the 60 anks. the results
were inconciusive because of the high degres on randomness. A “sorted log ratio” perrormance
measure was found o be usetul for comparing several models on the same graph. The zero-
value horizontal line represents a perfect modei-:0-sample tit. A value of | represents a model
prediction 10 tmes the sample value. while a value of -1 represeats a model prediction one-
tenth of the sample value. Unbiased predictions producs grapns with values evenly distributed
above and below the zero line.
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The mean value of the log ratio measure indicates the bias in the mode!’s radionuclide
prediction. Likewise. the root mean square (RMS) vaiue of the [0g a0 measure sumates the
variance or standard deviation of the scamer about the pertect prediction. These measures
effectively quantfy the bias and uncertainty associated with the model’s predicuons.

Because the log ratio is weighted egually for ail tanks. an additional performance
measure was developed to compare model performance by cumulatve curie inventory. Tables
were used [0 accumulate curie inventories with model-to-sample curie rauos in the following
ranges: 0.5 2.0.25w0 4. 0.125 0 8, and 0.1 t0 10. These tables show the iraction of
(sampied tank) wnventory in each range.

B1.2 SAMPLE ACCURACY

The performance measures reat the analytical values 2qually regardless of the aumber
of samples per ank. Analytical vaiues were developed from one 0 etght core sampies per
ank. [n this report. the analytical value is assumed © cepresent the collective inventory of ail
phases in the wnk. incfuding siudge. salt cake. and supernaie.

B2.0 COMPARISON OF SOLUBILITY FACTORS

In the following discussion. the strontium and cesium iracticn precipitated solids
astimates are discussed in derail. Fraction precipitated values for ®Sr were caicuiated by the
HDW Model. Rev. +. based on 2 solubility limit of 0.034 Ci¥L. Values for the ’Cs traction
precipitated were provided as part of the model and therefore are not calcufated rom a
solubiliry iimit. Fraction precipitated values used in the model are shown in Tabie B-1.

2main groups are represented by a range of values assigned to different HDWs in the group.
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. 4 Fraction Precipitated Soiids. Estimates {oc *Sc and ¥°Cs.

HDW mode! waste types- { Fracrion of stroatium (™Sr) Fraction of cesium (**'Cs)
' precipitated | precipitated
Process high-acuvity waste
BPO: procass ] 0 ; 0.01
Other processes® ’ 0 t0 0.986 % 0t 0.05
Claddng waste
Aluminum* ! : 0
Zircaloy® ‘ 0 | 0
Misceilaneous waste
Solid waste
Ferrocvanide solids’ g 0.35 0 0.98 i 0.35100.97
Other soiids* ] 0.92 | 0
Compiexed waste’ ! 0.64100.74 ; 0
Other liquid wastes’ { 0w00.i6

'Arfer addition of NaOH‘
*Inciudes HDW Model. Rev. 4, waste types MW 1. MW2, [C1. IC2. IC1. 2C2. 224

and UR

Includes HDW Model. Rev. 4. waste types R1. R2. P1. P2. P2'. Tul. Tn2. P3. PL1,

PL2.and Z

‘Includes HDW Model. Rev 4. waste types CWR1. CWR2. CWP1. and CWP2
Includes HDW Model. Rev 4. waste types CWZrl and CWZr2 , ,
Includes HDW Model. Rev 4. waste tvpes PF2CN1, PFeCNZ. TF2CN. and 1CF2CN
#Includes HDW Model. Rev 4. waste types DE. CEM. and AR

“Includes HDW Model. Rev 4, waste types HS and SSR

Includes HDW Model. Rev 4. waste cypes OWW1, OWW2, OWW3, NIT. BL. CSR.

DW. N, PASF. and B
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Table B-2 summaries the final set (Case 3) of estmates used for the model solubilicy
calculations. Clearly. significant changes were recommended for bismuth phosphate process

and cladding wastes. The results that were produced irom these modifications are discussed in
Secuions B2.1 through B2.5.

Table B-2. Revised Fraction Precipitated Solids Estimates for *'Sr and 'Cs-Case 3

HDW Model waste types * Eraction of strontium (°Sc) | Fracuon of cesum ('Cs)
precipitared precipitated
Process aigh-activiry waste
BiPOe process’ | 0.98 0.10
Other procssses® i 0.98 0.10
Cladding waste
Aluminum® l 0.98 g 0
Zircalloy® } 0.98 ; 0.30
Misceilaneous waste
Solid waste
i Farrocvamde solids’ ] 0.0 | 0.98
Other soiids® ‘ 0.98 | 0.98
Compiexed waste” ' 0.0 | 0.0
Other liquid waster I 0.98 5 0.0

*Arter additon of NaOH

Includes HDW Modei. Rev 4, waste cypes MW1. MW2. 1C1. 1C2. ZC1. 2C2. 224.
and UR ‘ .
“Includes HDW Model. Rev 4. waste types R1. R2. P1, P2. P2°. Thi. Th2. P5. PLL.
PL2.and Z -

Includes HDW Model. Rev 4. waste cypes CWRL. CWR2, CWP1. and CWP2

Includes HDW Model. Rev 4, waste types CWZrl and CWZrl

‘Includes HDW Model. Rev 4. waste types PFeCN1. PFeCN2. TFeCN. and [CFeCN

Tncludes HDW Model. Rev 4. waste types DE. CEM. and AR

"ncludes HDW Modei. Rev L. waste tvpes HS and SSR .

Includes HDW Model. Rev 4. waste types OWW [, OWW2 OWW3. NIT. BL.
CSR. DW. N. PASF. and B
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B2.1 SOLUBILITY FACTOR EFFECT ON DEFINED WASTE COMPOSITIONS

Table B-3 provides the “’Cs and *Sr defined wastes compositions in the HDW modet
Rev. 4. Only those waste types arfected by changes in the traction precipitated solid esumates
are listed. The aew compositions derived from the Case 3 !raction precipitated estimates are
shown n Table B—.

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

| predicted | HDW Rev+ | Case 3 ! HDW Rev 4 Case 3 ‘
| supernatant i Se-90 (CVL) f Se-90 (Ci/L) Cs-137 (CVL) i Cs-137 (CUL)
| for HDW: | . i ; ' |
j VW1 0.0050525 0.00010019 0.00369581 0.00508252 |
; VW2 0.00940242 0.000186« 0.01070591 0.00955095 |
; 1C1 ! 0.01059202 : 0.0002118a 0.01194065 0.01074659 |
1C2 0.01847309 0.00036946 0.02103409 0.01893068 |
! 2C1 0.0013935t ¢ 2.791E-03 0.0015732 0.00141388 |
3 2C2 0.00133121 2.6624E-D3 0.0015157 0.00136419
i 224 0.00019424 5.3849E-06 0.00022033 0.00019851 i
. UR/TBP 0.01139909 - 0.00022798 0.01281264 0.01164785 |
i PFeCN1 0.000228 0 0.0003383 0.00025886 |
© PFeCN2 0.00022798 0 0.00038825 0.00025887 !
! TfeCN 0.0002248 0 0.00038285 0.00025325 |
t 1CfeCN 0.0080261 0 . 0.0091388 0.00040617 |
: R1 0.0340002 0.0015166 i+ 0.0867439 0.07849844 |
: R2 0.04000035 0.00545147 | 0.30898536 0.27948425 |
5 CWR1 | 0.00314607 6.2921E-05 0.00361103 0.00361105 |
| CWR2 . 0.00532037 0.000106<1 0.00602604 0.00602604
.‘ P1 i 0.03<00004 0.003568315 n0.32770709 0.29493638 |
| P2 0.03400003 0.01538107 0.77029728 0.69326755 |
g CWP1 0.00302177 5.0435E-035 0.00348366 0.00348366 |
| CWP2 ©0.00240559 , 138112E05 . 0.00276801 0.00276801 |
|  CWZrl | 0.00899348 : 0.00017987 : 0.01107401 0.00775181 |
| 0.00017803 : 0.0340000L : 0.14141691  0.00017803 0.00089899 |
TH1 © 0.00768409 0.00015363 0.00706946 0.00636252 '
} TH2 . 0.03400015 0.000761 0.05493182 0.03143864
; AR . 0.03400009 0 0.31413704 0.00570478 !
B i 0.03400007 0 0.02647376 0.0264737
; BL ' 0.03399989 0 0 D)
| SRR 0.13599952 0.40991623 0.20607956 0.42630403
: CSR 0.06908916 0 0.0397903 1 0.03281983
P3 0.03399987 0.04827926 282115743 3 50468857
CWZr2 0.00495661 9.9152E-03 0.00585121 0.00209583
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Table B-+. Comparison of Hanford Defined Waste Compositions for Siudges.

~“DWRev 4 Case 3 HOW Rev 4 Case 3
predicted
siuage for

HOW: Sr-90 (CinL) Sr-30 (CilL) | Cs-137(CiL) | Cs-137{Ci/L)
Mwi1 0.001999053 | 3.028376034 | 0.002253538 | 0.006751056
Mwz 0.002475357 { 0.070053681 { 0.002818754 [ 0.01128852
1C1 0.007608907 | 0.072926491 | 0.00857771 | 0.01609945
1C2 0.013621007 | 0.122166187 | 0.015509342 | 1.028120897
2C1 0.001074611 | 0.019818818 | 0.001211426 | 0.003367541
2C2 0.00125625 | 0.038321935 | 0.00143042 | 0.005736975
224 0.000171989 | 2.002888334 | 0.000195102 | 0.000741042
UR/TBP 0.0051680514 | 0.392957586 | 0.010351777 | 0.050786462
PFaCN1 0.297428251 | 0.30336246 | 0.334319039 | 0.337837751
PFeCN2 0.243866517 | 1.350762845 | 0.386496936 | 0.380410786
TFeCN 0.785811122 | 0.801743645 | 0.383303228 | 0.392291024
1CFeCN 0.211222261 | 0.37C406856 | 0.240504853 | 0.413701851
R1 1 0.928374305 | 1.517748449 { 0.050017149 | 0.231863351
R2 12.47780871 | 13.95181676 | 9.262311434 { 1.785300539
CWR1 0.002047534 | 9.037028101 | 0.002350253 | 0.002350253
CHNVR2 0.004053826 | 0.173636753 | 0.004587771 | 3.004537171
P1 11.38867524 | 1251849045 | 0.275726876 | 1.732533845
P2 16.1887395 | 16.39631174 | 0.622143791 | 2.320235292
CcwP1 0.002519938 | 0.036118305 | 0.002905122 | 0.002805122
CWP2 0.001835859 | 0.08077051 | 0.0021+2278 | 2.002112218
cwznr 0.007710032 | 0.082835333 | 0.009493654 | 0.037811431
HS 8.129744508 | 0.116324881 | 0.000146445 { 3.000738476
TH1 0.007183655 | 92.129487931 | 0.006509055 | 0.013090841
TH2 0.101348511 | 0.641197742 | 0.032656834 | 0.089390534
AR 12.39772403 | 13.35077907 | 0.2608067Q3 | 3.374539481

3 8.310369777 | 15.07538327 | 0.02238875 | 0.02238875

8L 7.434210599 | 13.17387272 0 o)

SRR 9.573547395 | 0.351275332 | 0.17668919 | 0.365464624
CSR 0.044469783 | 1.145385798 | 0.025611354 | 0.021120337
P3 50.54933653 | 30.19747783 | 2.950553286 | 3.270208¢83
CcWZr2 0.004214655 | 0.045518845 | 0.00497535 | 0.019937742
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B2.2 SOLUBILITY FACTOR EFFECT ON SR-%0

The *Sr predictions provided by the modified modeis are shown in Figure B-1. with the
anks arranged in order of increasing model/sample ratio. Fraction precipiated adjustments
increased the ®Sr prediction for low-inventory tanks and reduced the prediction for most high
inventory tanks (tanks containing more than 100,000 curies of *Sr).

The log ratic measure was used 0 compare the ®S¢ performance © analytical data for the
modified models. Figure B-1 presents the resuits ror HDW Rev. 4. Case 2. and Case 3
modeis. The Case | results are essentially identical o Case 3 and were aot ploted © improve
clanity. One ‘zoal is to have all predictions within a factor of 10 of the analytcal dam: points
with a performance indicator berween -1 and +1 meert dus criterion. The lett side of the
graph shows that aearty all @anks with very low HDW Rev. 4 0 sampie data ratios now have
predictions within the criterion.  For very tugh HDW modet w0 analvucal ratios. only one tank
exceads the criterion. The mean ©Sr log ratio measure is biased 20 percent high and the RMS
vajue is 0.66. representing a noise level of 4.5 tumes the sample.

Figure B-1. Comp:irison of Mode!/Sample Ratio as a Function of Sc-90 Solubility.
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Table B-5 compares HWD Rev. 4 and Case 3 by categorizing the *¥Sr predictions by
proximity o sample values. The categories are modei-to-sample ratio range betwesn
0.5and 2.0.25 and 4. 1/8 and 8. and 0.1 and 10. ~ & results are expressed as {ractions of the
S (nventory in the sampled tank (all sampled tanks) and percent of sampled anks. Case 3
increases from 75 to 84 percent the fraction of sampled tank inventory with predictions within
a factor of four of the sample. The Case 3 model reduces the fraction of sampled tanks outside
the 0.1 1o 10 cange from 235 percent t0 12 percent. These comparisons show an overall
50 percent improvement in Sr-90 inventory predictions compared o the 2xisung HDW model.

Tabie B-3. Compz. .on of *Sr Performance for HDW Rev. ¢ and Case 3.
HDW Rev. 4 | Case 3

Fracuon of Percant of | Fraction of Percent of
! sampled ank | sampled tanks | sampled ank | sampied anks
1) inventory inventorv (Ci) |

|
|

Model to sample ratio ranges

iModel 1/2 0 2 tumes sampie |  0.629 | 133 I 0636 ! 150
'Model 1/4 (0 4 cimes sample | 0.749 | 50.0 I 0342 1 700
IMode: 113 10 3 times sample |  0.918 | 71.7 ! 0903 35.0
Model 1/10 o 10 tmes L 0.920 l 750 | 0916 | 883
isample i i

IBeyond (outlier) 0080 | 250 i 0. i 117

B2.3 SOLUBILITY FACTOR EFFECT ON CESIUM-137

The *’Cs predictions provided by modified models are shown in Figure B-2. with tanks
arranged in order of increasing model/sample ratio. Fraction precipitated solids adjusaments
increase the '”’Cs prediction for low-inventory anks and lert the predictions unchanged for
tanks with inventories of over 200.000 Ci of '’Cs. In general. the Case | solubiliry
parameters resulted in the greatest increase in predicted ''Cs inventories. Case 2 and Case 3
produced sssentially the same results.

The log ratio measure was used to compare the ‘¥Cs pertormance to analytical data for
the modified models. Figure B-2 presents the results for HDW Rev. 4, Case 1. Case 2. and
Case 5. One goal is to0 have all predictions within a factor of 10 of the analyucal data: points
with 2 performance indicator berwesn -1 and +1 mest this criterion. For all modified models
the tanks with very low HDW Rev. 4 10 samplie ratos w have all but one or two data por~
within the factor of 10 criterion. Unfortunatety. four . were push:  over the criterion ud
the high prediction end (see right side of Figure B-2. @i index 34 ana higher). The mean
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“Cs log ratio measure is biased 26 percent high and the RMS value is 0.72. represenang a
notse level of five umes the sample.

Figure B-2. Comparison of Model/Sample Ratio as a Function of
'37Cs Solubility.

XX

-
4 ~——Case2
— Case 3
g‘ )i ase !
4 m— — — = -
-2

Parloanance Indicator 2 LOG (ModeliSample)

Tank index by Increasing Performance indicator



HNF-32735
Revision OA

Table B-6 compares HDW. Rev. 4. and Case 3 by categonzing the '7Cs predictions by
proximity to sample vaiues. The categories are the same as used {or 0S¢, The results are
essenially the same for HDW. Rev. 4. and Case 3 with 98 percent of the sampied tank
inventory having predictions within a factor of four of the sample. Also. 87 percent of the
wanks sampled have predictions within a factor of $ of the sample estimate. Only | percent of
the sampled tank nventory had predictions outside the 1/8 to 8 model-to-sample ratio range.

The above informarion indicates that. unlike the predictions for *°Sr. little improvement in
the *'Cs inventory predictions was obtained by modifying the fraction precipitated estimates.

Table B-6. Comparison of *'Cs Performance for HDW Rev. 4 and Case 3.

| HDW Rev. 4 Case 3

Model (0 sampie racuo range | Fracuon of Percent ot Fracton of Percent of
sampled tank | sampled tanks | sampied tank |sampied tanks
Ci tnventory Ci inventorv

Modei 1/2Z TO 2 umes 0.761 0335 0.765 38.3

sample

Model 1/4¢ TO 4 umes 0.982 76.7 0.975 76.7

sample

Model 1/8 TO 8 umes 0.9% 86.7 0.99 36.7

sampie 3

Modet 1/10 TO 10 times 0.99 385 | 0.99 86.7

sample ,

Bevond (outlier) | o010 | tt7 i 0015 133

B3.0 CORRELATION OF OUTLIER TANKS TO OTHER MECHANISMS

Tanks with HDW Rev. 4 predicted inventories over 10 times the sample value or less
than 1/10th the sample value are designated as outliers. These tanks are listed in Table B-7.
For ®Sc. 16 tanks were identitied as outliers: i2 of the outliers are SSTs. For “"Cs. zight
anks were found o be outliers: seven of the outliers are SSTs. Of the 12Se SST outier
tanks. 5 contain bismuth phosphate process waste and 3 contain cladding waste. Of the seven
7Cs SST outlier tanks. one contains bismuth phosphate procsss waste and thres conain

cladding waste.
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Tabie B-7. HDW Rev. 4 Outlier Tanks.

HDW. Rev. 4. “Sc | HDW. Rev. 4. “'Cs
outlier tank , HDW group outlier rank HDW group

|TY-i06 ‘DE iC-103 ICW
C-103 CW ' T-102 iCW
IT-102 iCW ITY-106 {DE
IC-1 11 IMX iC-102 ICW
[U-110 i1C AW-105 CwW
|C-102 . ‘CW TY-102 MX
iBX-109 UM T-i04 1C
iTY-105 iUR TY-101 ‘CN
|B-202 224 :
IT-107 (c
|B-201 222
IBX-105 MW
IAW-101 CW
[AN-103 SA
AP-102 MX
PAN-103 iSA

CN - Fzrrocyamide solids

DE - other solids

CW - cladding waste

MX - mixed cypes

1C. 2C. 224. MW. UR - bismuth phosphate procsss

UM - mixwure of 1C2 and UR/TBP cypes

SA - DST supernatants composed primarily of R1. AR. CWP2. Z. BL.
SRR. CSR and DW types

Table B-8 provides a list of outtier tanks identfied bv Case 3. Case 5 reduces the
aumber of *Sr outlier tanks from 16 t08. 5 of which are SSTs. This also model reduces the
number of '’Cs oudier tanks. all SSTs. o aine. Of the five ®Sr SST outdiers. four contain
bismuth phosphate process waste. Of the nine '”"Cs SST outlier wanks. three contain bismuth

phosphate process waste and two contain cladding waste.

,._
L
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Table B-8. Case 3 Quuier Tanks.

N .
! Case 3 *Sr outlier tank |HDW groups Case 3 mﬁ: outlier HDW groups
[ .
|IC-111 IMX T-102 CW
IC-107 1C C-105 CW
[AN-105 SA 1C-103 MX
IC-110 11C 'C-106 MX
iBX-112 inc TY-102 , iMX
AP-102 VX T-101 °C
|T-102 [1C 1B-202 224
|AN-103 ISA T-1 - 1C
; TY- 101 CN

Potential Improvements. By reducing the number of ®Sr outlier wanks. the Case 3 set of
esumates represents a significant improvement 0 the model. The 3¢ cladding waste tank
outliers were =liminated and the ""Cs cladding waste outliers were reduced 50 percent.

U ‘fortunately. the improvement for the bismuth phosphate process waste is 10t 1§
encouraging. The aumbers of bismuth phosphate outier anks was reduced Fom five 0 four
for ®Sr. while the number of bismuth phosphnate outlier tanks increased from one (o three for
7Cs. The opportunity for the largest further redv  Hn in outlier anks is with enhancements
t0 the bismuth phosphate process model. These resuits mignt be improved by modifving the
fraction precipitated 2stimates and waste sweam split fractions (radionuclide partition fractons)
for bismuth phosphate wastes.

B4.0 SOLUBILITY ADJUS™ VENT CONMCLUSIONS

Improvements in model predictions are most oronounced for insoluble radionuclides.
For ®Sr. the prediction bias was improved from - 33 percent low to 20 percaat high. The
noise level was reduced from = 97 t0 0.66. whicr  _islates to a 50 percent reduction in
scacer. The aumber of tanks with ®Sr predictions outside the 0. 1-to-10-times-sample range
was reduced from 16 o 8. Eighty-four percent of the sampied ™St inventory is predicted
within a factor of four of the sample: and 90 percent is predicted within a factor of eight of the

sample.

Litle impact is seen in the model predictions for highly soluble radionuclides. For
7Cs. the prediction bias changed from being 20 percent low to 26 percent high. The noise
measure was assentially unchanged. The number of outlier tanks increased by one. For 7'Cs.

B-14
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76 percent of the sampled inventories were predicted within a factor of two of the sample: and
90 percent were predicted within a factor of four of the sampie.

Prediction biases shifting from low to high indicate that an over-correcrion has occurred
and further improvements are ossibie with better choices of fraction precipitated solids vaiues.
A reasonable goal might e (o further adjust the fracton precipitated solids sstimates o requce
the number of *Sr or *'Cs outliers.

B5.0 SEPARATIONS PLANTS PARTITION FACTORS

Because a large iraction of the outlier tanks contained bismuth phospiate process waste.
an erfort was made 0 improve predictions by adjusting the model’s waste stream radionuclide
“splits” for the bismuth phosphate process. These splits are called ~radionuclide partition
fractions ™ in the HDW modei. The original and modified values are shown in Tabie B-9. The
results {rom thuis 2ffort are summarized in Figure B-3. The tanks that are mostly affecred by
the revised spiit {actors are the wanks with a sigruficant inventory of *Sr. Two tanks with
nowable improvements are 241-BX-112 and 241-T-104. both with 1C1/1C2 waste. The high
St inventory in rank. 241-B-201. suggests that the spiit for type 224 waste may be set {00
high.

Significantly, the mean prediction is now biased just 3 percent low (compared 0
20 percent high with Case 3). Clearty. certain improvements can be made with better
modeling of the radionuclide split factors.
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Figure B-3. “Sr Predicrions Based on Modified Bismuth Phosphate.
Process Wasie Splits.

2 —
E _ . - AN-1031
2! Sr-90 Performance Case 3 and Split 2 AP-1Q2 ¢
1 R
! AN-105
t 3-111 i
. 3-201 Aw-10147 5 i
2 ! g
= i :
a | 5
3 0 g
E , e |
z \\\ Nal \6" \‘S’ S N _\a N :
.% v, r O y'\[» > > 5 ’V o & < 457 & ° j
S-i04
Fgp U-11 +-102 —e— Soit 2 Sr-30 Parformance
s r‘-:
2 e 0s _ v _ —m—Case 3 3¢-30 Perfomance
',c-:m
G-t
-2 .

Tank by Ascenging Case 3 Performance

B6.0 REFERENCES

Agnew. S. F. Bover. R. A. Corbin. T. B. Duran. J. R. Firzpatrick. D. A. Jurgensen.
T P. Oriz. and B. L. Young. 1997. Hanjord Tank Chemical and
Radiochemical [nventories: HDW Mode! Rev. 4. LA-UR-96-3860. Los Alamos
Narional Laboratory, Los Alamos. New Mexico.

Harmsen. R. W.. and W. W. Schulz. 1998. Best-Basis Estimares of Solubility of
Selected Radionuclides in Hanford Single-Shell Tank Sludge. HNF-3271.
Rev. 0. Lockhesd Martin Hanford Corporation. Ricaland. Washingron.



HNFE-3275
Revision 0

APPENDIX C

UNCERTAINTY FROM WASTE
COMPOSITION AVERAGING
METHOD



HNF-3273
Revision 0

This page intenuonally left blank.



HNF-3273
Revision 0

APPENDIX C

UNCERTAINTY FROM WASTE COMPOSITION AVERAGING METHOD

One source of uncertainty in tank-by-tank inventory predictions is associated with
the method used in the Hanrord Defined Waste (HDW) model (Agnew etal. 1997) w0
generate its defined waste compositons. [n :is method. the detaiied historical fuet
barca activity tile (giving curies in batches or fuel for periods of one month or less) is
summed over time spans of many vears and divided by the corresponding voiume ot
wasie generated over thus time span to calculate an “average derined wasie
concentracon.” The use of this average concentration in calculaning the curies added 0
individual ranks ieads 0 modeling 2rrors. wiich are the resuit of two erfects:

L. Over a period of several vears fuet axposures were increased significanly
(specific tuel acuvity in curies per MTU increased). and

2. Over the same operatng period separation plant {lowsheets were mproved
o significantly reduce the volumes of waste generated per MTU (liters per
MTU decreased).

The combination of these two atffects means that actual wasie composition values
(Cijtiter) have changed significantly over a period of vears. The 2ITOr OCCurs decause
the HDW mode! assumes a constant average waste (ype composition {or the Jeriod.
Tanks rilled eariy in the period have their curie additions overesumarted. wiliie @nks
filled fate in the period are underestimated.

The objective of this section is 10 evaluate the degree of arror preseat in the
current HDW model due to these affects.

C1.0 EVALUATION METHOD

To evaluate the 2rrors caused by the HDW model’'s method of “waste
concentration averaging.” this study first prepared a spreadsheet lisiing piant dischargs
volumes by quarter. These dara were xtracted from the Waste Status and Transaction
Record Summary (WSTRS) database (part of the HDW model).

Second. using this starter sheet. Fluor Danie! Northwest (FDNW) persornel
derived tuei activity data for the 46 kev radionuclides and consolidated these curie
values into quarterty and annual sub-iotals. marching the time periods given by the
WSTRS tiie.

Q
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The combined spreadshest then calculated quarterty and annual radionuclide
concentrations (Ci/l) in discharged waste by dividing. the DKPRO curie sub-totals by
the WSTRS volumes. These quarterty and annual concenrrations are ceported in
Wootan (1998), and illustrate the tme variability of actual waste concentrations in
comparison o0 the HDW model's constant average concentration. This analysis then
calculated ratios of high and low quarterty concentration values © the HDW modef’s
assumed average concentration. These high. low ratios serve as an indication of the
magnitude of arrors present in the HDW modei’s estimate of curie inventory for
various waste rypes and particularty for those tanks which were filled very earty or very
late in the ~average waste” ume period. Note. that this analysis has been developed 0
the point of bracketing the generic error for the most highly tume periods (vear or
quarter). but not o the point of idenrifying specific ranks filled during those periods.

2.0 RESULTS OF “AVERAGING” ERROR EVALUATION

Concentration atio values (the ratio of ue waste sweam concentrauon © the
HDW mode!’s ~average” concanrraton) are summarized in Table C-1. The :able lists
resuits for thres tvpical waste types - First Cvcle Bismuth Phosphare process waste
generated 1930 o 1936 (1C2). REDOX high-level waste generated 1952 o 1957 (R1).
and PUREX high-ieve{ waste generated 1965 0 1967 (P2). For 2ach waste type. two
conceneration ratio values are given—~ihe Quarterly Low ratio (QL) and the Quarteriy
High ratio (QH). The wble shows these ratio results for a selected listing ot
cadionuc!ides—cypically short haif-lived fission products and activation products (these
sutfer from greater 2rror), selected actimides. and ~all other™ longer-lived fission
products (these have nearfy constant low or high ratos).
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Table C-1. Summary of ~Waste Concsntrauon Averaging ™ EfTOr
(Ratio: (True Concentration) / { Average Concentration)|

'; | 1C2 . REDOX. R PUREX (PD)
’ i_ 1950 - 1956 ; 1952 - 1957 @ 1963 - 1967 g

' QL i QH QL ' QH ' QL ' QH I
i *Co — 035 . 539 ¢ 05 . 55 017 o 20 {
%Ru - 0.19 g3 | 0.2 3.3 0o . 5.7 !
[ =Sb T 038 | 63 0.19 1] 918 ¢ 25
| ~'Cs 05 22 0.07 17 0.15 57 |
| By 042 i 07 0.29 3.5 0.18 o
‘1 Other 053 | 33 i 315+ 2+ | 0.6 20 |
| FPs. APs | ‘ ? % ‘
i U 0.33 9.+ D5 16 0.16 7|
. DNp 0.36 43 0.42 2.2 0.15 13
{ ="Pu T 0.37 5.8 26 23 0.33 15
| TAm . 0.76 2.2 0.03 16 0.10 5.7 |
| =Cm 0= - 10 0.0L 5.7 0.02 6 !

P = Acuvauon producs

FP = Fission products

PUREX = Plutonium-Uranium Exmracuon
QH =Quarterly High rato

QL = Quarterly Low rauo

REDOX = Reduction-oxidation.

As seen from Table C-1 most longer lived radionuclide inventories estimated by

the HDW modet to be in Bismuth Phosphate ‘vase ceceiver anks could oe
overpredicted by 2 factor of 1.9 (1/0.33 = 1.9) or underpredicted 9 as much as 2
factor of 3. depending on when during the period 1950 1956 the wnk was filled.
Because of its reiatively short haif-life. the error range for Ry is aven larger.

Model estimates for anks filled with REDOX waste generated from 1952 w0
1957 couid be overpredicting the longer half-lived radionuclides by a factor of 2.2
(1/0.45 = 2.2) or underpredicting them by 2 factor of 2.4. (**'Am and **Cm are

exceptions in REDOX waste tanks where the inventories could be overpredicted bY

factors of 20 or greater and underpredicted by ractors of up 0 4.6. depending on wnen

the ank was rilled.

Tanks receiving P2 waste during the period 1963 w0 1967 could be overpredicted

by factors of 6 and underpredicted by factors of 2. depending on when the tanks ~er

=
-

filled. The “Cm in these same (anks could >e overpredicted by up t0 2 sacror of 30!
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The uncerainty ranges listed in Table C-1 are presented as an example of the
degree of uncertainty present in mode! predictions for ail waste rypes. For any single
waste type some tanks will receive waste thar is predicted erroneously [ow: some tanks
will receive waste that is predicted erroneously nigh: while some tanks wiil surety
receive waste where the “average” concentration is representative of the rue
concentration. '

These uncerainties related o the HDW model’s waste concentration averaging
method may represent the potential limits of mode! improvement since 0 modify the
model (0 use a more detailed set of defined waste compositions (€.g.. 1 separate
composition for every quarter or vear) may de too large an undertaking.

C3.0 MODEL LIMITATIONS FROM RADIONUCLIDE DECAY METHOD
[

The method used to evaluate 2rrors associated with waste concentration
averaging has also revealed other mode! !imitations regarding radionuctides which are
daughters ot parent auclides such as U. Pu and Np that are significandy separated
during fuel ceprocsssing. The uranium. piutonium. and aepmumum decay daughters.
=%Ra. “Ac. =*Ra. “*Th. Z'Pa. and *Th. are overpredicted by as much as a factor of
30 in the HDW model. This is a direct result of the HDW model performing the
processing separations arter the decay to 1/1/1994, rather than berore at the ame of {us’
separation. Conversely. the 2°U that builds in from decay of 7'Np is removed along
with the rest of the uranium in the HDW model. resulting in a °U prediczion low by 2
factor of 34. Likewise, a low prediction results for “*Pu. axcept 0 a much lesser
extent. The correction for **' Am build-in rom “*'Pu decay appears (0 be reasonabie.
with a ratio of 1.05. However. the “*Am buiid-in from “*Cm is underpredicted by the
HDW model. This appears t© be caused by the HDW modet applying the *'Am build-
in correction factor o both **'Am and “Am.

These errors are a result of a model simplifying compromise that was designed
into the interface berweesn the DKPRO code and the HDW model when radionuclide
capability was being buiit into the mode! in 1996. At that time it was decided 0
predecay the fuel activity file (generated by the DKPRO code) to the date 1/1/94 w0
avoid naving :0 build decay funcrions for all radionuclides in the HDW model. [t was
recognized that daughters of extracted pareat auclides (most imp« .:antly “*' Am the
daughter of **'Pu) would be misrepresented unless a backdecay correction was built
into the HDW model. Accordingly, the HDW model has been 2quipped with a
correction calculadion for **'Am but not for other daughrer radionuctides such as =°Ra.
=7Ac. “*Ra. *Th. ®'Pa. and ®*Th. The ae=d 0 < rect the 1/1/94 decay calculations
for **Ra. *Ac. **Ra. “*Th. 2'Pa. and **Th was tought unnecsssary. This is because
the need for invearory dara on these particuiar auclides s in the 10.000 vear furure: and

C-6
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the future in-growth is determined more by che inventory of their parents than their
1/1/94 values.

The most important result coming from this simplified decay method is the error
for *U. resulting in model inventory predictions low by a factor of 34.
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APPENDIX D

HANFORD DEFINED WASTE MODEL UNCERTAINTY
EFFECTS—RADIONUCLIDE SOURCE TERMS
AND WASTE TRANSACTIONS

The Hanford Defined Waste (HDW) model’s (Agnew et al. 1997) main
radionuclide source term is the historical Fuel Activity Dara File generated by the
DKPRO code (a newly created Fortran code). This file defines the curies of 16 ey
radionuclide in each of 1276 baiches of Hanrord ceactor tuel. processed through the
various separarions plants from 1944 through 1989. The DKPRO calculauon’s are
based on a set of ORIGEN? code (Winekind {989) runs which predict discharged tuel
activity for a series of fixed fuel exposure leveis and fuel cypes. The cesult is sxpressed
in curies per metric ton uranium (C¥MTU). The opjective of this section s (O
determine the accuracy of these fuel activity vaiues as a source term for waste mventory
modeling, and to determine the uncertaincy srfect on waste inventory 2stimartes.

D1.0 SOURCE TERM UNCERTAINTY EFFECTS

The uncertaincy in the ORIGEN?2 code prediction of Hanrord fuel actuivities was
studied recendy by Wootan (1998). Since code predictions could not be compared 0
analyzed tuel samples or waste sampies (due © the lack of analyucal dawa for ail 46
radionuctides). the approach taken was to adjust mnput parameters for the ORIGEN2
code over a range tvpical of paramerer uncertainty. Two cases were typically run. The
first case used ~reference” parameter values which were the basis for the HDW model.
Rev 4 ourput. The second case used ~updated” parameter values which represent
newer dara for nuclide orooeiies or a more exacting analysis OT average cross-secion
sets for Hanford reactors. The following parameter types were updated:

 Neurron caprure cross sections for actinides and selected activation products

¢ Definition of fuel and ¢ladding impurity values ( i.e.. the “target” concsnrration
for activation product aeneranon)

o Fission product haif-life values

o Fission product vield values.
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Each parameter tvpe was adjusted individually t0 determine the magnitude of
it’s effect on global inventories or on inventories reiated to smailer batches of fuel.
These etfects are discussed below.

D1.1 EFFECT OF NEUTRON CAPTURE CROSS SECTION UNCERTAINTIES

To assess the effects of uncertainties in cross section data sets. the MCNP' code
was used t0 derive cross section vaiues representative of single pass reactor fuel
elements. and these results were compared to reference ORIGEN? calculadions. The
same single pass reactor fuel MCNP mode! was also used t0 evaluate the adequacy of
the ORIGEN? library cross sections for seiected activation products. A revised total
radionuclide inventory was recalculated using the new single pass reactor Cross
sections. Table D-1 shows the rauo of the revised towal radionuclide mventory o the
reference czlxlculated inventory.

These results show that the amount of change in radionuclide inventory varies
slightly with the processing piant due to the amount of single pass reactor fuel
processed in each piant. The amount of “C. *Ni. and *Ni increases by up ©
50 percent due to the higher capmre cross sections. The amount of ‘“"Cd and "“Eu
decreases by about |3 percent due to smaller caprure cross secuions. Smaller
differences in other fission products are likeiy due to changes in the relative proporuon
of fission’s from =*U. “*U. and “°Pu. with corresponding changes in the fission
product yields for sensitive isotopes. For the actirudes. the main changes are an
increase in the inveatories of ~*Pu. “'Pu. “**Pu. and “*'Am due 0 higher neutron
caprure Cross sectons.

The accuracy of 2ither of these two code runs to model the production of Pu and
it’s **®Pu isotopic assay was rested by comparing results 0 plutonium conversion
equations for both nacural and 2nriched single pass reactor fuel for different reactors
(Roblyer 1994). The piutonium production from the conversion squauons reveals a
10 percent range of values among the different fuel and reactor types. A similar range
of 10 percent or less is found for the Py content. Both the reference singie pass
reactor (SPR) ORIGEN? cross sections and the MCNP based SPR cross secuons
predict the plutonium production within the range of the variation by reactor type.
However. the reference ORIGEN? cross sections underpredict the -“Pu content by
about 30-35 percent. while the MCNP cross sections are within 10 percent of the
conversion ¢quation values.

" MCNP = Monte Carlo N-Paruciz transport codz.

D
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Table D-1. Radionuclide [nventory Comparison For Singie Pass
Reactor Cross Section Changes.

Radioisorone; Ratio = [nventorv_with qudiﬁed single Pass Reactor C ross_*Sc:c.nons

- [nventory with Original Singie Pass Reactor Cross Sections
| TPam | BPam | REDOX | PUREX | Total
HS | 0980 | 098 | 098 | 0992 | 0.991
Cld i 1634 | 163 + (381 | L7 | £.500
Co60 ¢ L1198 | 1.197 | .63 ' 1.052 1.058
NIS9 0 1269 1269 f 1255 0 1238 | [.222
NT6s | 1.448 [.4a8 | 27 1 L0l 1.408
SET9 ' 0980 | 0980 | 098 : 0098 | 0.983
SROO | 0998 | 0998 | 09%a : 0992 | 0.992
Yo0 ¢ 0998 | 0998 i 0995 : 0992 ! 0.993
ZR93 - 0.997 | 0998 | 0995 i 0995 0.993
NB93* ¢ 0998 I 0998 i 0995 | 0.995 | 0.995
TC9% - 1001 ! to00r ¢ 1002 ¢ 1002 1.002
RC106 ¢ 1004 | 1039 i 106t ¢ 1.000 1.000
CDLI5* ¢+ 0321 + 081! : 0326 i 0377 | 0.371
SNi26 : 08% | 08% | 0917 i 0935 ! 0.923
| SB125 ¢ 0354 | 0857 | 0392 | 09950 | 0.989
(120 ¢+ 0985 | 098 i 099 i 0.998 | 0.997
CSi3¢ : 079% | 0789 | 0345 ! 0997 ! 0.997
CcS157 i 1000 | toot | 1002 | 1002 ! 1.002
BAI37* ©  1.002 | 1.002 i 100 | 1.005 i 1.002
SM151 ¢+ 1024 | 1.02¢ | 1059 ! 1062 | 1.060
EUL52 | 0.324 0826 | 03866 | 0515 | 0.907
EUl54¢ ! 0.779 0.779 | 0314 | 0.8% | 0.388
EUL55 | 1077 | 1086 | 1164 | 1.086 ! 1.091
RA6 ¢ 1002 ! 1002 i 1005 | 1005 | 1.003
RA228 & 1330 133t b otz 0 1000 | 1.000
| AC227 ¢ 0997 | 0997 i 099 i 1000 ! 1.000
| TH229 ° 0792 | 0792 i 0798 i 1.000 | 1.000
| TE232 ¢ 1330 0 1330 1120 f 0 1000 1.000
U332 ¢ 0761 | 0761 ¢ 0748 1 1000 1.000
| U233 0789 1 078 | 0798 { 1000 1.000
I U3¢ - 1002 0 1002 f 0 1.00e P 1.004 1.003
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Table D-1. Radionuclide Inventory Comparison For Single Pass
Reactor Cross Secuon Changes.

o § ‘ nventorv with Modified Singie Pass Reactor Cross Secrions
Radioisotope: Rauo = Inventory with Original Singie Pass Reactor Cross Sections
| U235 | 0998 | 0998 | 0996 | 0996 | 0.997

36 | 1331 1 1330 ) wis | Lise [.147

U238 | 0999 i 1000 ! (000 | 1000 | 1.000

NP237 | 0.783 f 078 ! 0300 i 0343 ! 0.873
PU238 | 0912 } 0912 ! 0922 ¢ 0949 0.945
PU239 | 1022 | 1022 0 0992 . 0985 | 0.988
PU240 | 1494 © 1495 1 1224 | 1346 L ¢l
PU241 | 1287 | 1.285 i 1.207 1 121 l...3
PU242 | [74d | 1752 ¢ LAle 0 1248 1.267
| aM24l | 1287 1 1285 ¢ 1221 0 LIT0 1.179
AM243 ] L34t b 13e7 P 10320 7 1063 1.071
cM242 | o019 ] 1027 Y 1009 f 1002 1.002
CM243 | 1132 0 13yt b Loes {.003
| ovom | 1328 1332 0 t.020 007 1.008

*Merastabie isotope

| D1.2 EFFECT OF FUEL AND CLADDING IMPURITY UNCERTAINTIES

The reference ORIGEN? runs (the basis of HDW. Rev. 4 invenrories) for singie
pass reactors and N-reactor used fixed sewings tor tuel and cladding impuricy leveis. In
actualiry. however. concenrrations of aickel. nitrogen and “°U in the tuel varied
significantly from the 1940°s to the 1980°s. The bias in certain radionuclides
introduced by the simpiified reference ORIGEN? sewp method has been determined by
generating additionai ZEN2 fuel acuviry files with modified tuel compositons,
rerlecting time-dependent impuricy levels (Wootan 1998).

Table D-2 shows the ratio of the radionuclide curie inventories in the revised
analysis to the inventcries in the reference DKPRO calculations (Watrous and Wootan
1997) for the principal radionuclides arfected by impurity concentration changes. The
net affect or the ume Jdependant aickel impurity concentraton change s a reducrtion in
the ®Ni and ®Niinv  ces in the fuel procsssed through B. T. and REDOX. but 2n
increase in the inver, s in the ruel processed :hrough PUREX. Conversely. the net
affect of the time dependent nitrogen impurity is an increase in the inventory of “C in
fuel procsssed through B and T plants. but a reduction in fuel processed through
REDOX and PUREX. The tume dependant “*U concentration results in a reduction in

D-6
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the ¥'Np inventory in fue! processed through REDOX and PUREX. The 1.0 ppm of
cobalt added (0 all of the tuel increases the wnventory of ¥Co by a factor of 2.6. The
1.0 ppm of chlorine added to the tuel results in the production of approximatety 10
Curies of *Cl. ([This comparison does not appear in Table D-2 since *Cl is aot one of
the identified 46 key radionuclides evaluated in the reference (HDW Rev. 4) analysis.]

Table D-2. Principal Changes in Radionuclide [nventories - Ratio of Curie Inventorv
Using Time Dependent Impurities o Previous [nventorv

Nuclide f T-Plant 1' B-Plant , REDOX l PUREX ! Tocal
“C | 1283 1.284 | 0.301 | 0.5 | 0534
“Co | 3.178 3.163 | 5.064 | 2.566 | 2.593
i | 0.243 | 0.243 | 0.719 | 1.0a8 | 0.954
N | 0.240 | 0.249 | 0.734 | 1Los1 | 0.964
Nip | 1.000 | 1.000 1 0.729 ' 0.905 | 0.372

D1.3 EFFECT OF FISSION PRODUCT HALF-LIFE UNCERTAINTIES

A previous study (Wootan [998) investigated the etfects of using updated values
of selected half lives on the inventory of key radionuctides. The half lives of the
radioisotopes “Se. ®™Nb. and ‘**Sn in the ORIGEN? and DKPRO decay libraries were
modified to reflect recent evaluations. New measurements in China of the °Se half-
life indicate a much longer half-life (4.8 E5 vears and 11.3 E5 vears. in separate
measurements) than previously used (0.65 E5 vears). The new half-life value used was
taken as the average of these two measurements. with an assigned uncertaincy of
40 percemnr that bounds the two values. A aew Chinese measurement of the ~*Sa half-
life increases that value trom 100.000 years o 250.000 vears. with an uncertainty of
9.4 percent.

As shown in Table D-3. the net atfect of the half-life changes is a reduction by a
tactor of 0.40 in the curie inventory of "**Sn. a reduction by a factor of 0.08 in the
inventorv of “Se. and a reduction by a factor of 0.93 in the inventory of *™Nb. The
actual amount of ***Sn and "Se in terms of grams of materiai hardly changes. but the
number of curies represented by these amounts changes by the inverse ratio of the new
to old half-lives. The uncertainties wn the half lives ranslates direcdy into uncertaindes
in Curie inventories for these radioisotopes. The half life uncsrainties for the other
radioisotopes are 5 percent or less.
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D1.4 EFFECT OF FISSION PRODUCT YIELD UNCERTAINTIES

Cumulative tission product vields from 2*U fission (ORIGEN?2 dara library - no
uncertainty information given) have been compared with reference values from England
(1994) and their stated uncertainties. This comparison shows that the ORIGENZ
prediction of “Se. '“"Cd. ““Sb. *Sn. 1. and "Eu producuon is 10 ©0 30 percent
nigh. Predicred yields for the other fission products agrez within 3 percent.

D1.5 COMPOSITE BIAS

Table D-3 summarizes ~bias factors™ for 46 key radionuclides associated with the
four adjusted ORIGEN? input parameters. The bias tactors zxpress the ratio of the
global curte inventory as caiculated with the modiried input parameters to the original
curie inventory as calculated by the HDW model (Rev. 4). For 2xample. the row of
bias factors for “C means that the updated curie mnventory for “C is 30 percent of the
value predicted by the HDW mode! (Rev. 1) - the result of a 30 percent increase due to
adjusted cross sections coupied with a decrease (by a faczor or 0.33) due 0 an adjusted
rarget impuriry (Nitrogen) concentration in the fuei. Foowote symbols in the ~Other
Factor~ column (ndicate that there are additional sources of uncertamnty in the giobai
(Nvenrory.



HNF-3275
Revision 0

Tabie D-3. Bias in Global [nventory Values Due 0 Updated ORIGEN? Parameters.

.Radio- Ratio = [nventorv w@ qu?ﬁed ORIGEN?2 Parameters Other Fact
isotope {nventory with Original ORIGENZ Parameters ors
Cross Fuel Half-life bias |  Fission yield bias Notes | Composite
section bias | (mpuricy l bias
Dias |
| H5 ! 0991 | | t | @ | 0.99
| c1e ¢ 1300 | 033 | ! (o | 0.80
| Cos0 i 1.058 1 2.6 | | B . 275
[ Nis9 i 1242 095 ! g . L.18
| Nig5 | 1208 | 096 1 ! | | 135
\ Se79 | 0.983 l l 005 -0.IT | 0.35 i 0.042 -
. i ! | 0.092
| S®0 0992 | | ; (<) | 099
| Y90 0995 : 1 po(2y b 099
293 0.995 | | ! | 1.00
| NB93* ! 0.995 | L0935 | i 1.00
| Te99 1 1002 i @ LO0
| Rul06 i 1000 | i | . 1.00
lCd113=i 0871 | | ; 0.76 : | 0.6
| SN126 | 0.923 | [ 036 -0+ | 0.78 | 10.26 - 0.
| SB125 | 0.989 | ! : 0.86 | 085
| 1n29 | 0997 | ! : 0.76 & | 076
| csi34 i 0997 ! | | | | 1.00
| cs137 | 1002 | | | o | L.00
BAL37*! 1.004 | l | | B | 100
SM151 |  1.060 | i | i | 1.06
| EU1s2 | 0907 | | ! g | 0.91
EUL54 | 0.888 | | | | 0.39
EULSS | 1091 | | : 0.89 | 097
RA6 | 1005 | | T o | 100
| Ra228 | 1.000 | ! ; . @ 100
| AC227 1 1.000 | ! ; T | .00
L TH229 {1 1000 | G 1 100
| TH232 1 1000 i ; x 1 L.00

D-9
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Tabie D-3. Bias in Global laventorv Vaiues Due 0 Updated ORIGENZ Parameters.
| ]
i0- ) ver with | ifi N2 P: e
il:gz)lge Rado = I{Ev:;:g‘:y WIEE ggg;r;;d C?R{}I(fEE\Z Piimfer:s ‘ Other Factors
|

j252 1 1.000 i ; | i i 100
253 | 1.000 | i t i M ¢ 100

| U234 | 1005 | | i | b | 00
Uss | 0997 | | ; LM ] 100
U236 | 147 | i O WS
U238 | 1.000 | ! o v 100
NP7 0835 i 9087 | | B
PU238 | 0.945 | | i CBIEEES
PU239 | 0.988 | | ! D | 0.99
PU220 | 1361 | | ! oM 1 136
PU241 | 1.129 | | | EOEENE
PU242 |  1.267 | | | | 127
AMZL D 1179 ! ; ! . 1.18
AMZ23 0 LO7L ! : L 107
CM242 | 1002 ! ! i i 1.00
CM243 ¢ 1.005 | | | - 1.0t
CM244 |  1.008 | i i | L0l

12)The HDW moae! assumes (00% of iuum n ruel s routed 0 @nk waste. Due 0 losses (0 aumospnere and
condensate. aciual wank :nventories are signiricantly less.

ibrAddiuonal uncertainty may exist, issociated with losses of C-14 (0 atmospheric smissions. The HDW model
assumes 100% s routed [0 ank waste.

ic)The 3SDW ziobal inventory for Sr-90 may be ased {ow dv 1< percenc Jue (0 internal assumptions accounting for ¢
quanuty of Se-90 separated n B-Plant ind routed to capsules. otfsie. olant residuals 1nd solid wastes.

(d)The HDW :iooal inventory for ~Tc may de dased tugn by 10out 32 percant due (0 t's N0t accountiag for the
fractional separation of T¢c (10 the uranum product stream) m TBP, PUREX and REDOX processes.

{e)Additional uncerainty may xist. 1ssoctated with losses of 1 (o atmospheric 2mussions from iuel dissoiution
operattions. The HDW model (Rev. <) assumes {00% is routed (0 tank waste. )

(HThe HDW gzlobal inventory for “'Cs may be brased slightly lugh (less than 2 percent) due 0 internal assumptions
aczounting for the quaniy of (57Cs separated in 8-Plant and routed 0 capsules. offsite. piant residuais and soiid wasies.

ig)The HDW jiobal inventory for =*Ra 15 based by factors of 0.03 - 1.0 due 0 decay :zlcutation limiations and
depending on waste tvpe.

{h1The HDW glooal inventory for =*Ra is biased by ractors of 0.02 - 1.0 due (o decay calcufanon {imicauons and
depending on ‘waste (ype.

{i)The HDW gz~~~ inventory for ~Ac is biased v factors of 0.03 - 1.0 due ¢ decay calculation limitatons and
depending on waste Iy

{jThe HDV. . aventory for =7 Th is hased 9v factors of 0.12 - 1.0 due (0 decay <alcuianon limiations and
Jdepending on waste i ..

kiThe HDW ;iopal inventory tor F2Th is mased dv factors of 0.01 - (.0 due t0 decay caicuiation timiaations and
deoending on waste ¢ %,

The HDW' rioval :nventory for actinides may be sigmiricantty uncertain due (o the use Of Ipproximate CIOrs whtch
1CCOUNt for 2xtraction losses of U. Np and Pu and issumpuons retated o the afficiency of U recovery rrom Metai Waste siudge:

D-10
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D2.0 EFFECT OF MISSING WASTE TRANSACTION RECORDS

The historical waste transter data file or Waste Starus Transactuon Record
Summary (WSTRS) in the HDW model (Agnew 2t al. 1997) consists ot @nk {ill
records with information extracted from Jungfleish (1983) and Anderson (1990). and
checked by Ogden Environmental and Los Alamos National Laporatory (LANL)
against quarterly summary reports and the Logbook Dataset. The wasie ransaction
records. although largely representative of the waste histories of the tanks. are
neverthefess incomplete in that there are a aumper of unrecorded transactions that have

curred tor many @anks. The waste ransaction report is a comparison of the ank
volume that is calculated based on the fill records with the measured volume for 2ach
ank. This comparison is made 2ach quarter (0 record any unknown waste additons or
cemovals that may have occurred during the quarter. The largest uncertainty n these
records concemms records associated with the vaporafor campaigns. The volume
reduczions and conrinuous transfers of concentrates and condensates that occurred
during these campaigns are not very weil represented in the wasie ransacton records.

cansactions from the Logbook Dataset were added to the waste transaction records ©
resolve many unexplained level changes. This unknown transacton resotution was only
completed for ail unknowns larger than 190 L (30 kgal).

There were volume reductions among the S and SX Farm tanks in the [930’s and
early 1960’s. These losses have been auributed (0 REDOX waste self concenrraton.
PUREX process wastes in the A and AX Farm wers self concentrating. but unlike the S
and SX ranks. it is assumed in the HDW Mode! that ao salt cake was formed by this
concentration process. Sluicing of A and AX Farms resulted in many unrecorded
transactions . These fransactions were resolved in the HDW Model by creaung
transactions between tanks and the siuicing recsivers in the A and AX Farms.

In this study. several :xamples were found where the HDW Model s not
consistent with the process flow sheets and sample data irom some tanks. The HDW
Mode! assumes that a substantial bismuth inventory exists in several of the BY Farm
tanks (241-BY-104. 241-BY-1035. 241-BY-106. 241-BY-107. 241-BY-108. and
241-BY-110). The sample data and process flow sheets. however. indicate that little
bismuth was added to these tanks. In another example. the waste ransaction records
show that tank 241-BY-110 received 1C waste directly from the BiPO4 process. First
cvcle (1C) waste contains a substantial amount of bismuth. but the multiple core
samples from tank 241-BY-110 indicate that there is very little bismuth in this ank.
The sample darta suggests that tank 241-BY-110 must have been the third ank in a three
tank cascade of 241-BY-107241-BY-108/241-BY-110. In this case. the waste
ransaction records are noc consistent with the sample data and must be changed to
improve the reliabilicy of the HDW Modei.
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Site historical records were reviewed by Ogden Eavironmental o conrirm the
reliabilicy of waste transrers in the HDW Model. Ogden confirmed about 60 percent of
the waste ransfers from the separacion plants to the primary receiver tanks. and about
57 percent of the transters and ceceipts between anks. The remaining transrers were
created in the HDW Model to match known or suspected transrers and waste inventory
or level measurements in the tanks. While many of these transfers may have occurred.
small errors in the transaction records can lead t0 substantial errors in esumatng the
inventory of trace analytes such as Sr. These arrors are likety © have a substantiaily
larger affect on the accuracy and retiapility of the mode! than one might assume based
on the staristical uncerwainty criteria in the model (95 percent conridence interval).
Based on our results to date. it ippears that the sampie data can be used together with
the HDW Modet results o0 identry and correct certain discrepancies in the waste
(ransacuon records.
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APPENDIX E

CHEMICAL ANALYTE PREDICTIONS

A The Hanrord Derined Waste (HDW) model ('Agne\iv et al. 1997) is currendy
being used (0 distribute most of the radionuciides to Hanford tank waste. While the
HDW model appears 0 generate representative radionuclide profiles for most anks.
these profiies are 2ssentially based on the same set of records that were used (o producs
the chemical invenrtory estimates in the HDW model. Because of 2xtensive core
sampling,  a representative database now 2xists for many of the chemical analytes n the
tank waste. These data have been used to construct remplates that represent the
composition of comumon wastes m various anks. However. these data can oe used ©©
test the accuracy of. or o idenurfy deficiencies in. the HDW model for various groups
of tanks. The purpose of this exercise is to aot only iest the accuracy of the HDW
modet but aiso identify those areas where the model could be improved for better
radionuciide inventorv sstimatces.

Bismuth was chosen as the exampie anaiyte decause 1 subsiantial amount of core
sampie data xists for this analvte and only a {ew wasie cypes (Or sireams) are £nown [o
have contained a significant amount ot 2ismuth. These waste streams inciude the {1rst
cycle (1C) and second cycle (2C) wastes rom the Sismuth Phosphate procsss (B and T
plants). Because flow shest records are aiso availabie. bismuth can be used as a ue
slement to0 estimate the equivalent amount or waste. on a merric tons of uramum (MTU)
basis. added o 2ach of 1C or 2C waste recsivers (anks 241-T-104. 241-T-107.
241-B-110. and 241-B-111). Bismuth 2sumates can de a userul basis for judging the
reliability of the waste transaction records for the LC and 2C waste receiver.

E1.0 COMPARISON OF THE HDW MODEL TO SAMPLE INVENTORY
ESTIMATES FOR BISMUTH

Best-basis inventory estimates have been developed for all of the single and
doubie-shell anks at Hanford. Many of these 2stimates are based on sample denived
2stimates developed from core sample data. Bismuth results {from this sample
population are summarized in Table E-1. This @ble includes only those tanks with a
projected inventory of at ieast 300 kilograms of dbismuth (30 tanks). These tanks
collectively contain about 70 percent of the total bismuth inventory. Table £-1 also
provides a summaryv of the HDW modet predictions for these tanks. These predictions
are based on cwo dirferent sets of soiubility assumptions (as defined by split factors or
fraction precipitated ssumates “or dismuth). The drst set of split factors (Case 1) was
derived from the assumed solubiliry imit for BiPQ+< (0.004 moles per liter). The HDW
modet uses chis soiudility limit (0 compute a vec:or containng the raction precipitated

-
-
-
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solids for zach HDW type. The standard fraction precipitated vector derived from the
BiPQa solubil::v limit is shown in Table E-2.

The second set of solubility assumptions is based on using a common split factor
for all of the HDW. In assence. this involves shuting off the minimum solubility limit
for bismuth and manually entering the chosen split factor in the fraction precipitated
matrix of the ‘DW mode! A common value of 0.98 was chosen for Case 2. With this
assumption.  roximately 3 percent of the dbismuth would be expected o report o the
solid phase aud onty 2 percent 0 the liquid or supernate phase. [n HDW Rev. 4
model. the fraction precipitated solids tor 1C1. [C2. 2C1. and 2C2 are ).679. 0.679.
0.606. and 0.241. respectiveiy. When these ractors are increased 0 0.98. one would
expect [0 see a much larger quantiry of bismuth assigned o those anks with 2
substantial amount of 1C and 2C waste (orecipitated sludge). These tanks are
241-T-104. 241-T-107. 241-B-110. arr  +1-B-111. The results for both sets of
solubility assumptions are shown in Fig..e E-1.

Figure E-1. Ratio of HDW Model to Past Basis [nventory Predictions for Bismuth.
Case | (Standard Fraczion Precipi: -2d Esumates) and Case 2 (0.98 Fracton
Precipiuted Estimates).
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Table E-1. HDW Model and Best-Basis Inventory Predictions for Bismuth.
HDW Mode! Predictions Based on Standard Fraction Prec:puated and 0.98 Fracuon

Precipitated Estimates.
i HDW Rev 4and |

i : !
{ Sampled SST . .98 Erac Prec Bi 0 .E:IDW.RCV + BBI Bi. Kilograms%
: ; . . Bi3 — Kilograms . .
| ! BBI Rato ! : ‘
i A-101 2.03 : 763 : 57
' B-110 : 0.59 ‘- i3.685 23200 ?
B-Ll! : 0.32 ' 5.792 21500
f B-201 : 0.09 1.230 A 15000
; -B-202 : 0.50 - 1.187 1000
: B-205 0.23 ; 2,197 937
B-204 : 0.20 2,133 10700
BX-107 S 0.40 ; 16.729 11900
BX-112 ; 0.47. : 6.718 {4200
BY-104 336.70 : 33.973 A3.5 ;
BY-106 107.05 20.900 (95 i
83Y-107 96.60 : 16.425 {70 ;
BY-1i0 ' 513.15 ‘ 33.089 103 .
C-107 0.62 :0.761 17300 ?
C-108 0.64 1432 22 |
C-110 0.36 9.230 16000 :
C-111 5.33 _ L7077 162
T-104 0.32 ' 215351 20800
T-103 : 0.36 6.+86 7500
T-107 ' 0.76 i 3.1 11100
T-111 0.57 : 20.356 36000
T-201 ‘ 0.09 i 1230 13000
T-202 0.50 925 St
T-205 0.24 1 1.338 6430
T-204 ‘ 0.21 i 1.570 3130
TY-101 0.63 . 12.643 : 19940
TY-105 ', 0.29 & 7.955 ' 27200
; TY-104 : 0.96 ; 5.040 524
i U-110 : 0.38 i 7.996 21000
U-il2 0.34 5 379 2940

m
'
n
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Tabie E-2. Fracuon Precipitated Esumates for HDW Rev.4 Model (Case 1) and
For 0.98 Fraction Precipitated (Case 2).

| {HDW Rev.4 - | HDW Rev.4 . 0.98

| Waste | e crion 0.9 Fracdon | Waste | “p o ion | Fraction

| Type | Precipitated Precipiated Type | Precipitated 'Precipitated

LMW1 1 5 0.98 SRR ! L - 0.98

P MW2 | i ! 0.98 ‘CSRin L 0.98

i IC1 | 0.6795 0.98 .CSR | 0 ©0.98

;1C2 Y 0.6791 ¢ 0.98 ‘DE | r 0.98

[ 2C1 ! 0.6065 ! 0.98 ‘CEM | 0.98

| 2C2 . 0.241 0.98 NTT ! 0.98

204 ’ 0.3363 | 0.98 ‘Salt 1 . 0.98

l | ‘Slurrv ?

{ UR/TBP! 1 3 0.98 DW | 1 0.98

|PFeCN1: 0.697 0.98 N s L 0.98

{PF=CN2! 0.697 ! 0.98 t Bin 0.98

' TFeCN - 1 ; 0.98 - B-SuCk: - 0.42 0.98

t|CF=CN| 0.715 ! 0.98 . Tlin 0.98

i Rl ¢ ! ' 0.98 Ti-SCki  0.2817 0.98

© R 1 < 0.98 Rin : 0.98

t CWRI L ; 0.98 - RSICX ¢ ) 0.98

| CWRZ | 1 i 0.98 . T2in ; :0.98

: ! 1 0.98 f ; .

Pl 1 ; 0.98 T2-S1tCkl 0 . 0.98 |
2 l ; 0.98 - BYm © 098
P2 l | 0.98 . BY- 0 0 0.98

; z - SItCk 5

{PLL | L = 0.98 © Slin | 0.98

: CWP1 L 0.98 -S1-SutCk: 0 0.98
CWP2 | 1 ' 0.98 2 ! 0.98 -

: CWZrl l : 0.98 $2-5uSlr; 0559 - 0.98

FOWW1 | 0 | 0.98 . Alin ~0.98

Foww2!l 0 | 0.98 | Al- 0.39¢ + 0.98

! | P S1tCk ’

 OWW3 ! 0 0.98 A2 ! ©0.98

AR L ; 0.98 . A2 0 . 0.98

i | i SItSIr Al ’
HS 1 : 0.98 Py 1 0.98
TH1 - 1 0.98 . PL2 1 ~0.98
TH2 | 1 0.98 CWZ2 | 1 . 0.98
9 ; 0.98 : ? -
AR 0 , ~ BP | - 0.98
; : ‘Colx | '
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Table E-2. Fracton Precipitated Estimartes for HDW Rev.4 Model (Case 1) and
For 0.98 Fraction Precipitated (Case 2).

—
Waste HDW RCVA 0.98 Fraction Waste HDW RCVA 0'9.8 i
T Fr;c:_xon Precipitated Type Frgcgon Frgcgon ;

ype Precipitated P ‘ yP Precipitated :Precipitated|

B l 0.98 i BP 0.98

! /NColx 3

[ BL L 0.98 . PASF | ! . 0.98 |
i sol. 0.004 0 '

l limut.

! moles/1 ! i

b

This figure shows the ratio of HDW modet to best-basis inventory stimate for all
of the tanks in the sample popuiation. Darta points reoresenung the HDW, Rev.4
Model are based on solubiliry derived fraction precipitated estimates. (Case 1) while the
aiternate data represents a uniform fracdon precipitate estimate (0.98) for all Hanford
Derined Wastes (Case 2). As shown by this piot. the results are 2ssentially
indistinguishable from one another. Fraction precipitated estimates chosen for Case 2
(0.98) aave very lintle 2ffect on the ourput of the model compared (o estimates for
Case 1.

This non-linear response is due to other fearures in the mode! which limit the
distribution of analytes o the solids. In addition to the solids layers derined in the Tank
Layering Model (TLM porton of the HDW Modet), the HDW Model also defines a set
of supernate contributions in the Supernate Mixing Model (SMM portion of the HDW
Model). Projected sludge and supernate volumes are used. together with component
solubility limits. fraction precipitated estimates, liquid void fraction, solids volume
fraction and density estimates o0 generate a liquid/solids split for 2ach component by
waste type. Component contributions are then summed in a linear array to produce the
total inventory estimates for the tank. When {raction precipitated estimates are
increased, as they were in Case 2, the mode! continues t0 allocate 2ach component ©
the supernate, up (o its defined solubility limit. and then to the solids. The solids
concentration is directly proportional to the solubility value due to the contribution from
interstital liquid, but inversely proportional to the solids volume fraction for that waste.
If the supernate volume is small and solubility limit low, most the material will be
allocated to the solids. as in Case | from the previous example. When the fraction
precipitated sstimate is increased. as it was in Case 2. model response may be very
small because most of the material has been allocated 0 the solids and very lintle
remains in the supernate for redistribution to the solids.



HNF-3273
Revision 0A

This page intentionally lert blank.



HNF-3273
Revision 0A

E2.0 IMPROVING HDW MODEL PREDICTIONS FOR BISMUTH

Several other adjusunents were made in order to improve the predicive
capabilities of the model. These adjusuments include modifying the bismuth source
terms, the solubility limits and the waste wansaction records for certain wansfers. The
HDW model. for example shows that substantal amount or bismuth cesides in the BY
Farm (in anks 241-BY-106. 241-BY-107, 241-BY-108 and 241-BY-110). These tanks
were previously included among the ferrocyamide wartcilist tanks because Ot the
ferrocyanide reated UR/TBP wastes they contain. Scavenged UR waste was routed 0
several anks in the BY Tank Farm in the 200 East Area (241-BY-106. 241-BY-107,
241-BY-108, or 241-BY-110) (Borsheim and Simpson 1991). Some of this siudge was
also transferred (o tanks 241-BY-104 and 241-BY-105. This siudge. wiuch was derived
from BiPO4 metal waste. is known as PFeCN1 and PF=CN2 waste i the HDW Modei.
According to the BiPO4 flow sheet (Schneider 1951). the metal waste fracuon only
contained about 642 ilograms of bismuth. The HDW Mode!. however. indicates that
137.700 kilograms of bismuth exist. mosuy in the form of PFeCN1 ind PFeCN2
wastes. in anks 241-BY-104, 241-BY-106, 241-BY-107, 241-B8Y-108 and 24¢1-BY-110.

Clearly. this is an example winere the HDW model predictions are aot consistent
with the BiPO4 tlow sheet. or with sample data from tanik 241-BY-110. The tank
characrerization database for tank 241-BY-110 contains more than 1,180 dawa points for
bismuth. including duplicates, standards and spike recovery samples. All of the
analytical sampies appear (o de at the minimum deteczion limut for bismuth. ncluding
those from fusion analysis and acid dissoludon or the core segment ind composite
samples from cores 103. 107 and 113. The analytcal resuits are consistent with BiPO4
flow sheet and tank Tansacton records, which show cthat very lictle bismuth was added
to these tanks. [n this case, it appears that che HDW modei aesds to be revised t0
beter reflect the actual inventory of bismuth in che @anks. When the PFeCN1 and
PFeCN?2 bismuth concentrations were reducsd to zero, HDW model cesults were found
to be consistent with sample cesuits for tanks 241-8Y-104 and 241-BY-106. but not
with sample data from tanks 241-BY-107, 241-BY-108 and 241-BY-110. These
discrepancies are important because they highlight potential problems with the model or
problems that have occurred in developing the Best-Basis [nventory (BBI) esumates for
these @anks.

According to the BBI, tank 241-BY-107 currendy comains 170 kilograms of
bismuth. This estumate is based on the compaosition of BY salt cake because anaiyucal
results for the core composites were found to be at the analyucal detection limit for
bismuth (less than 2.000 micrograms per gram based on fusion analysis of the (wo core
composite sampies). [n addition to salt cake, UR. PFeCN1 and PFeCN2 wastes. @ank
241-BY-107 also received a small amount or [C waste. wiich conained several
thousand kilograms of bismuth. [f the bismuth concentration is assumed 0 de at the
analytical detection limit. the projected inventory could be 2s high as 3.170 kilograms.

3]
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Thus value is generaily consistent with the BiPO4 fJow sheet astimate of 9.800 kg for
the 241-BY-107/ 241-BY-108/241-BY-110 cascade. and aiso appears (o be a beuer
march for the HDW Model derived sstimate of 1.493 kilograms of bismuth. This
¢xample is of interest because it shows how the HDW mode! can be used o improve
the quality of the Best-Basis Inventory astimates tor certain analytes measured at the
analyucal detection limit. '

A parallel situation is also apparent for tank 241-BY-108. The majority of the
bismuth anajytcal data appears to be at the analytical detecrion limit but these values
were used (0 esumate the BBI for this tank to be less than 644 kilograms. The HDW
mode! currently 2sumates an inventory of only 6 kilograms of bismuth in this ank.
This discrepancy highiights one ot the potential problems with the HDW Model.
namely the accurate identificarion of sludge layers in various @anks. Tanks 241-BY-107
and 241-BY-108 were operated as a cascade during the receipt of 1C waste in 1952. [n
the HDW Model. it is assumed that none of the !C wasie was carried over o the
second w@nk in the cascade (241-BY-108). Sample results, however, suggest otherwise
indicating a small but measurable amount of dismuth laden {C waste in 141-BY-108.

Tank transaction records show tank 241-BY-110 recsived about 2.755 kL of IC
waste in 1931 and 1952. In the HDW Model. this aansrer is assumed w0 De a direct
ranster rom B-plant. Based on the projecied amount of bismuth in the iC waste.
some 6.871 lograms of bismuth should have been added to this tank and other
dowunstream @anks in the cascade. The HDW Mode! generated a prediction of
2.300 kilograms of bismuth in this tank. Analytcal results. however. show that only
abour 30 to 200 kilograms of bismuth were added to this @ank. based on the analytical
detection limut of acid dissolution samples from three core composites. [n this case,
there appears t© be a significant discrepancy berween the HDW mode! and sample
results for tank 241-BY-110.

The HDW model relies extensively on the tank inventory records developed by
Anderson. especially for undocumented wransrters that occurred in the late 1940°s and
early 1950’s (Anderson 1990). For wank 241-BY-110. Anderson shows :hat the inital
transter of 1C waste occurred during the fourth quarter of 1951. This period
corresponds (0 the ume frame when tanks 241-BY-107 and 241-BY-108 were aiso
being filled with 1C waste. However. the low bismuth inventory in ank 241-BY-110
suggests that chis tank may have besn operated as the third tank in this cascade. As the
third tank in the cascade. 241-BY-110 would have received very little bismuth from 1C
waste. [n this case, the waste ransaction records used bv the HDW mode! are not
consistent with sample results and thus may be in error for this tank.

Several parameters were subseguently adjusted. including chemical source erm
sstimates. (0 improve the (it berween the mode! and sample based sstimates for the
bismuth. The results are shown in Figure £-2 (with a corrected sample value for
241-BY-107). This fit was obtained by increasing the amount of bismuth in !C1 waste
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(from 0.012 co 0.018 moles/liter) and 5v doubiing the amount or dismuth in 224 waste
(from 0.006 0 0.012 moles/liter). As mennoned derore. the amouat of bismuth o the
PF2CN1 and PFeCN2 wastes was aiso reducsd o zero. Finaily, the solubility limirt for
BiPO4 was reducsd Tom 0.004 0 0.001 moles/liter. These changes are considersd o
0e reasonable in light of the aigh dismuth invemtories found in the 124 waste acsivers
(B-200 and T-200 series of anks). che absencs of dismuth in 2F=CN 1 1nd PF=CN?
wastes and ugh bismuth nventor:es found i several of the |C wasie cecsivers.
Otherwise. oniy the standard SDW mode! values were used 0 produce :he cesults in
Figure E-2. Tais {gure shows two separate correlations. Tae first oge. regresented by
the light zray squares. shows e ratio of SDW :av < mode! 0 3est 3asis aventory
(BBI) esumate. wiiie second one ‘diamond dara soints) shows the anproved it betwesn
e modified EDW modet and 3BI. Thus fit aovears w0 be reasonadiv 300d ‘or most
anks exceot 3Y-110 and C-11i. Table Z-2 provides a summary of e ank mventory
ssumates and SDW mode! © BBI cagos used i1 Figure Z-2.
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Figure £-2. Rado of HDW Rev. + Mode! © 3est Basis nveatory Esurmartes {or
Bismuth (square data powmnts) and Modified SDW Model w0 Best 3asis {nveatory
Estmates (diamond shaped data points).
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Taple =-2. 9DW Rev.1 Mode! and 3est 3asis mveatory Ssumates
Togerner vt Modified HDW niodet Resuits for Sigure E-2.

SST | ~CW | 3est |~OW Rav 4 0| Modified HDW | Mocified =DW
Tanks Rav 4 3asis 3Bl RATIO Mccel Macdel 0 38l

|

|
{
Mocel, inventery \l Kg , Rato i
e ‘ Kg | !
| | |
A-10° 73381 378 2.33 : 27 J.32 i
3.0 3.3831 23200 J3.38 28073 ‘ 1.08 |
2171 3752 2°500 J.32 20884 i .97 i
3-201 3a3] 13000 2.9¢ 3734 J.ad :
3-202 - 137! 20C0 2.30 3248 1.38 ‘.
2.203 2.:97" 2370 1.23 10273 1.10 :
3204 . 2.:331 10vC0 1.20 *0CE3 .34 i
3X-i07 *8 729 21900 0.40 28625 J.38 i
3X-1°2 2 718 14200 0.27 38-¢ Q.32 !
3Y-:04 33,3731 353.3 336.70 ‘8 Q.25 !
3VY.1C6 20 1G5 *Q7 .2¢ 43 Q.25 ;
3Y.:CT -3 2231 3170 .78 14G3 : 0.47
3vY. 10 33.78%1 108 315.13 23C0 2721 :
107 c 781 17300 3.32 2-02¢ .22 |
C-:C8 - 4320 2220 .34 2TET 1.29 %
c-110 32301 16800 J.38 *3038 1 .0¢ 2
C-111 - T7TTY 482 3.35 3473 7.32 ‘
T-:C4 2+ 331 20800 3.22 33736 | 3.33 ;
. T-70¢ 31861 7300 .36 3128 .23
T-1Q07 3. 244} 1130C J3.78 : 164GS 1.49
ToT.11t ¢ Z2C.3%di 36000 3.37 30138 0.20
CoT-201 0 ¢ 2301 :20C0 J.2¢ 3734 D.a4
C7-202 3231 311is .30 4313 1.3¢8 f
. T7-203 +.3381 3430 0.2¢4 7ie2 112 !
PoT-2C04 + 3701 3130 0.21 7308 . 3.6 {
TTY-101 . 12.5431 15940 333 7 23170 | 1.6 |
i TY-103 T.8831 27200 Q3.2G 14448 3.33 |
LTY-104 3.040l 3240 3.26 ! 3218 T73
PoU-tt . -.8gsi 210C0 2.38 *3¢25 3.74
TuU-1-2 ¢ t.57¢ 2840 J.2a 3087 + 28

The dt for 2¢1-3Y-110 is mosdy 1ffected v the assumpuon hat 341-3Y-110 was
used 1s 1 Jrumary rsceiver of 1C waste Tom 3-plant. Sampie ~ssults. qowever, suggest
that 241-BY-1.Q was used 15 2 jownsTeam -eceiver (turd 1Nk m a dires rank
cascade). If s is Tue. (e vaswe cransaczion cecords could e casilv changed sO :he
nodei -ssuits ~vould il i line with :he sampie 3asa fof rhis cank. Tanik 22!1-C-iit
was 1is0 used s the second ANk in a cascacde ceceiving 1C waste. [n dhis case. the

(1}
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mode! assigns a disproportionately large imount of waste o the second @nk o the
cascade (241-C-(11). Sampie cesuits Tom the 241-8Y-107/241-BY-108 and
241-T-104/241-T-105 cascades show that about L3 percenr of the LC waste carried over
to the second w@nk m the cascade. The HDW mode! assumes chat about 23 percear of
e 1C waste carried over © the downstream ceceiving unk. However. for the
241-C-110/241-C-11] cascade, the carryover only imounts © 2.7 percent of e
(ncomung 'wasie, dased on <he anaiytcal cesuits ‘or bismuth. Appareaty, for ceasons
that are got :uily understood. waste semting jroperties and zarryover =fficiencies were
aot necessariy uniform across ill of the cascade wanks. If this discrepancy is corrected
{or the 241-C-110/241-C-111 zascade. mode! jradicdons should also become more
closely aligned with sample resuits Tom :ank 241-C-[1].

This Sismuth qral included 30 single-saeil anks (SSTs) with 1 sample-based
nvenrory of it least 500 lograms of dismuth =ach. The idjusied HDW mode}
orovided stimates within —¢- 30 percear of the sampie invenrory {or 73 oercenr of the
@anks. and esumates within ~/-100 percenr of the sample nventory for 93 percenr of
ine anks.

[n 2 recent comparison berwesn IDW Rev.3 mode! Jradicaons ind sampie-
Jased ssumates. ZDW mode! predicuons wers Jound :0 be @ stausdcai agresment with
=0 :0 30 percemr of che inalytes m the sampie :ank jooulation (17 :anks). This
comparison 2nce igain mghlights Joteatial inconsiswencies 1 she SDW mode!. Hur also
silows. {or certam inafytes. the mode! can e used 0 judge -he internal consisency of
our znalydcal resuits and © augment e currenr database. Taus sudy was performed
oy PNNL (Hartdey 2t al. 1996).

E5.0 COMPARISON OF HDW MODEL TO SAMPLE INVENTORY
ESTIMATES FOR SR-%0

[n a refared smudy. HDW mode! sredictions were also compared © sampie
derived ¥Sr asumates in 47 singie-shell @nks. Tais group reoresents 31.3 perceat or
the tanks and 4.6 percenr of the ®Sc inventory in the SST farms (19,152,410 out of
12.958.300 Ci of *Sc in the SSTs). The initial resuits are shown in Figure 2-3. Tais
figure provides two different sets of sstimates. Tae {rst set. wiich is presenated as the
ratio of HDW mode! o best basis inveatory, was groduced 5v using the modei’s
standard solubilicy limut for *Se (0.034 Cl/liters. [n this olot. the wmanks are artanged in
order Of incr2asing catio (wid a raco of i.0 represeanng i pertes: it berwesn modei
and sample resuits) and the dara points heing ptorted as small squares. The second set
Of 2stimates is dased on a revised soiubility iimit of 0.01 Ci/liter for ®Sé. Thais
comparison s usetuf secause it shows that EDW model oredicdons wiil qot aecsssarily
umprove simply changing the solubility Hmit fcr ©Sr.

(.11
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Figure £-3. Ratio of HDW Rev. 4 Modei w0 Best-8asis [nveatory Ssumates ior
Bismuth. (Square Dara Points) and Modified HDW Mode! © 3est-Basis [(nventory
Zsamates (Diamond Shaved Data Pounrs). '

Iy

LI NN

S¢-90 Prediction to Sanple Ratio

Samupied Single Sheil Tanx {in order of increasing HOW Rev. + 3¢-30 Prediciion 0 Samopile
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E4.0 DMPROVING HDW MODEL PREDICTIONS FOR SR-30

When the solubilicy mit is changed. the *set frac” suprouane (0T marco) in the
modei cecaicuiates the liquid/soiids disgioution “or 2aca apaiyte )3 "a&e cype. This
oroduces 1 jew sel Of Tacuon grecipiated asumates n die modei. Tae modei alsd '
atlows one © individuaily adjust she Tacdon precipitated SSumMAles for 2aci wasie {vpe.
sather than relywmg On 2 Comumon soluoiiicy (imic Jor ail wastes. 1 The source erms n de
mode! can de Jmustcd joth ierms relanng o che distibuuca of radicnuciides cerweszn
wastes or ‘erms ceiaung ‘0 the voiume Jf studge Or supernace Fom 2aca wase. With
‘hese adjustments. @i modei <an be svstemancaily changed 0 imorave e jotenual ac
with fank sampie daa Jom @rzet [ank sopulanon. Thae dnal sesults Of quUS 2xercise are
shown in Sigure S~ Taole E- jrovides e =DW mode! ma m)usue" dDW mode!
values and Sest 3asis [avearory :sumates dispiayed in Figure £

1]
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Revision QA
< Mode!

-

t0 Besi-Basis [nvenrtory and

Sr-Q

avry b e ! T i I ")
" 34amolea Singte “0W Reva  Rewiseg Moael 5r-30 1 3amole " Revised Moget (0| ~DW Rev <0 Jamoie
Shett Tank ! 3r-90 Esumare Zstimate 330 Esumate | Samote 3¢-90Rato
f - i = ci | 3c-30Rawo | !

T7.:08 ) 1.288 3,420 i 3.8 1.002 i
2-10§ £.381 205.307 263.300 3.35 3,904 ;
T-i02 38 12.290 20,580 342 1.004 )
:- EE 38.379 140,000 3.035 3072 !
J-i 0 347 "6.378 40.000 . }.0<8 1.014 :
>-i02 1024 121327 "32.200 o 2.0Z2 R
3X.709 14353 135.306 *39.000 N 3324 1
=7.:708 TI83 221.23 1£5.000 3.36 2.323 :
3-402 '8 160 19 v.A3 J.039 {
Toor 1325 13,544 "7 300 %2 3.546 '
3-201 '8 ; a7y 287 36 3.064

3X-:05 by '0.328 25,300 243 2.085

R 329 12.7da “0.300 5.3 ). 8 |
s 245301 292.372 ~"250.000 5] 3.20 ;
3V-104 179,383 372,410 384 200 322 3.52 i
s-07 1.7 44 357 * 330.000 5.4 PR !
] 49.373 147,343 32 300 37 333 |
<03 198318 T *.380.000 339 3350 '
3X-107 "1.087 35N "8.300 39 3.0 )
=T 12340 42133 27 300 = 3.:5 ,;
EN -30.300 368.77 ¢ 296,500 23 L7

BT 334715 336.461 324 500 T2 136

<02 24329 26.704 "25.300 " 132 i
3-+07 379.796 "56.008 2G4 Jca 3.29 3.94

3500 300.920 285,128 325300 S 1.35

3-:04 338.337 "25.373 325,300 323 2.38
ENEED) 181,530 395.139 53.300 3 a7

0 3.286 FYIE < 360 135 i
3v.3¢8 2177 153761 "35.200 X T

Z-iC8 3.369.208 3.128.564 = 772,000 29 T35

J-1C8 "36..69 191 500 "28.200 .3 29

J-108 270,413 242,332 “34 300 237 T3T

3570 T34 338 15,505 *35.000 354 b

Z-109 348 323 337783 121300 243 3
3X-17¢2 3,209 '9.097 1320 3.3 73

1202 784312 128.325 ~38.200 227 32

S-102 "534 399 343 337 31 200 a3 4

A-:06 1,372,328 3,377 391 32247300 2.:8 119

—/ 00 33.31° 33.480 23,00 BEX ]

ENFE 280,329 37412 "32.200 B 3.2

TR '9.345 3122 3,350 3.2 3.3
3IV0T "30.322 753,183 0.°90 3.0 3
=02 3.395 13.317 ] T3 5.3

ENERE T I5a J17 240,387 5+ 300 .37 3.3

_-'08 Ti23.5 323,253 15.<00 3 3.

R 60413 323,346 37260 3.2 33
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Revision QA

{

HDW model predicdons in Figure E- were improved it 3 variety of ways.
Fracton precipitated sstumates vere varied by waste (ype {Or sOme Anks © umprove the
fit with sampie data. Somedumes. dis nvoived c2oosing 2 compromuse vajue that
would collectvely minimize the deviadon for 2 group of anks. Radionuciide
dismbution source erms wers 1so increased (or some of the <oaung wastes. inciuding
CWRL. CWP! and CWP2. © increase che amouat of OS¢ in the coaung waste cecsivers
(tanks 141-C-102. 241-C-105, 24[-C-{07. and 221-C-111). The orngmal values n the
HDW modei cail for 1.+ gercent of e -adionuciides being disaributed 0 e coaung
waste. Due :0 the high sampie wnventories in the <oadng waste recsivers. these vajues
were increased o 2 percent. 4 gercent and ! gercent. tespecdvely. for CWRI, CWP1
and CWP? wastes. While ese ratios may aot de e opamum caoics. ey had 2
oositive effect on ceducing devianons Jecweesn mode!l and sampie prediczons for the
coanng wasie @apks. Taoie -3 Jrovides a list or <he originai {racuon precipuaced
asumates by waste cype in HDW Rev. + logether with the set of :sumates Jeveloped
Fom :his saudy and a third sec I 2sumates developed Tom undamental considerauon
of chemisTy zondiuons i e mnks (Soiubiice ~ise 5 sstmates. sez Secuon 3.1).
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Table S-3. Fracton Precipitared Esumates for Sc-90 Based on HDW Rev.+ Modet, Revised
HDW Mode! and Basic Caemisa Conditons (Soiupiiity Case 3 Esumates).

| Naste Type ;| OW ‘ Revisea QW Chemn;w I WNasie rype | DW Rcv..tl Revised HOW Semusgy
; ! Rev.d Moaas) l Canartions Moget Modaet  Conaigons |
’ | Modet | | (Case: é l Cise3 |
I | s ] | |
: w1 3l ' 3.384% 2SR ] : )38}
w2 ] 1 3.381 JE a .38
'Ct pl] 1.2 J.38| EM ' 2.38|
TC2 T 30 %.381 NIT 3 3.381
e M 2.3 3.381 3ait Slurry ! . !
C2 M .31 1,384 w h 1 .38
24 i 331 1.381 N " t 3.38
JR/T3P J ).92! 3.981  33itCx BT ] ,
ICaCN 3,381 138l N TISICx A U :
SCeCN2 1.38! ).981 M ISHCX X N |
TreCN f J.28!1 1.981 N Ta3ItCxk 3787 3791 .

1CFeCN L33 J.33i pl 3Y-3itCx 191437t J3.2941
3 1330 LU 3.38 31-31tCx 3,87 ).7381 i
L ¥4 1373 3.383! 1,381  33-31tSir J.aar! 1357 1
TWR1 3 i J.38]  A13ItCx ).3831 3.583]
SWR2 B]] b]] 1.38] A2-SUtSir LY ).3at !
EX) 2.381 1.2630 .. 38l 33 1.386i ).956i J.381
32 ..349} P 5. 38| iz i 2.581
ar )58 3387 .38] W2 M bl 2.981
ETIE ] 1381 3PfCoatx b
WP 2l 981 1.38{ 3P/Ncalx : 3
NP2 ) 2.381 3.3284 3ASF H o 0.981
TNZA 51 3 3.381  sonlimit 3.20E-32] 3.00E-00! ;
‘ ' notesi | | ’ ]
Jww1 M B J.381 |
Jww2 3 B .38} !
SWw3 b Tl ).e8 i
Z ] J.38! 2.38 ;
~S .38l 3.3291 3 !
TH1 M A 3.38¢ i
oz 3. 061 3371 JET) | :
i . ' ;
AR . 3.327 2.978l .38 _ . - i
‘ : | ! | l '.
3 3.3481 3,367 358 , !
! 3. i 2.8194 J.S&B! J.38 ‘; ; ;
i : ! i : | ! :
! 5 ; | ?
; ! i

SRR 1.366: 3.302! b1

Sar :hose ranks whers the mode! 0 sampie deviatons wers supstantal. the

axtent of Jus deparers Tom sampie dawa clearly

derined in HDW Rav. &

in other words. the 35% CI in the ADW Mode! does aot

axceeded the 33 % confidencs intervals

:7uiv represeat the wide rangs 3t variapiiity ‘ound i e $r-90 rank population.
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Sour of the wanks with unusuatly aigh modet predicuons conain 1C1 and 1C2

wastes (241-BX-112, 241-C-109, 241-C-110. and 241-104). This suggests dat a bewer
fic might be obrained if te assumed 0 percenr split for 3iPO4 radionuciides is r=ducsd
(0 apout 5 percent for te (C1/1C2 waste. The idjusted model oredicuons {or @nk
241-T-111 aiso appear 0 be 2xcessively high. As a 2C1/2C2 waste cecsiver, the *Se
invenrory n ank 24(-T-111 is a0t consistent with the amount in anks 241-8-1i0 ind
341-3-111. bur these lamer @nks aiso cecsived a smail amounr of aigh-tevel PUREX
(P?) waste. Obviously, more esds 0 de done 0 caliorate e arfect or P2 waste. Tae
remaining -anks in this popuiagon mosudy conrain sait cake wastes. Because salt cake
waste vnev-aﬂy contamns oniy 1 smail amount of *Sr. shers may be otwer featurss m de
modet that end © =xaggerate ine *Sc inventory & the sait cake cecsivers. Thus
prooiem couid Se aused by 2rrors m the waste Tansacuon cecords. Czrmain feagures
the SVIM oordon or the HDW modet couid aiso iead o unusually uigh oredicons.
These discrepancies ae=d 0 de swdied in more detail derore 1y conclusions can oe
ceached regarding the reliabilicy of the modef for the sait cake aden anks.

Chemisov dased Taction orecipitated estimates (Sotubiiity Case 3) in Tabie £-3
oroduced siigady sexer cesuits than those i the evised ZDW model. 3otz ses
oroducsd 1 -wo foid reducdon in scamer somparsd © HDW, Rev.+.

Sample dara can aiso be used © idedfy other ireas df improvement n e ZDW
nodel. The HDW mode!l °Sc astimate is 10 dmes nigher than -he sampie derived
astimate ‘or :ank 2¢1-3-111. The waste Tansacaon records indicate this @ank was used
as the second ank @ a REDOX waste cascade Tom 1952 0 i937. As the seccnd @nk
in the cascade. the SDW modei aas assigned an nveatory of 250 kL. (66 kgal) of Rl
siudge o this cank. compared 0 an ipvemtory of 336.3 kL ( 89 «gal) or suca siudge n
the primary recsiver (tank 241-S-110). Tae 1996 core sampie Tom @nk 241-S-111
{core 149), however. shows that ail of the waste onsists Of sait cake. wet salt. TI01ST
sait or dry salt at she bottom of the iank. The oniy siudge {ayer that vas found i$ one
rom segment <. close o the fop of he sieven segment COre. Accsording the aormai
chronoiogy of suci depositcs, tus sfudge layer must 2ave oe2n added it some later date.
and should aot consist of R1 waste s iileged in the IDW model. This ooservarion is
consistent aot oniy with the ohysical 2vidence Tom the core, dut iso with the °Sc
results obuained rom the core composite.
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E5.0 IDENTIFIED LIMITATIONS IN THE HDW MODEL

To investgate the potendai for improving ank-Hy-ank wmvearory predicuons. the
HDW Mode! was compared (0 sample based astimates for dismut and 0Sr The
bSismuth iat inciuded 30 SSTs with 2 sampie-oased wmventory oOf it least 300 diograms
of bismuth 2aca. Thaese @anks sollecaveiy contam about 70 gerceat Jf die ol Nsmuth
invenrtory it Hanford. The HDW Mode! was adjusted 0 umprove die fit becwesn mode!
and sampie based estupates for these anks. The idjusted HDW mnode! orovided
astimates wittun —/- 30 percemt of the sample mventory for 73 percaat Ot de @nks. and
asumates witun +/-100 gerceart of :he sampie imvenrory for 93 perceat of ‘ne @nks. A
similar sudy was 1lso persormed for £7 singie-saell ranks with sampie derived “Sc
inventories (best dasis invearories). The cesuits spow :hat the adjusted =DW moaet
orovided ssumates within +~/-100 percear Of e samie suumate for 96 sercsar of the
anks. and ssamates within -/-200 perceat of the sampie ssumate for 30 percear of te
anks (38 out of +7 anks N the sample ank populauon). Taus. approximartely
30 percenr of the anks had prediced ventories wichun 2 faczor Jf three of dhe sampie
derived sstimates. =or :hose ;anks where die modet 0 sampie devianons were 11ga.
these Jevianons cieariy 2xcesded e 93 gercent soardencs nrervals derfined m ZDW
Rev. +. in ower words. the 95 serceac CI in EDW. Rev. + does 10C Tuiy cepresex the
wide cange of variapiiity found in the *Sc ank jopulation

There ire 1 qumber of Jctenual Jjerficiencies in te ~:DW modei. Oue limitadon
mvoives :he iccurate ideadficadon or il studge layers in :he anks. Tais may 2e 1
gener:c propiem for many @nks. One way 0 reducs e 20ssibie 2xteat o dus 2ITor is
{0 csoss check the HDW mode! TLM (Tank Layering Modei) orodie against sore
sampie profiies Tom those :anks that 1ave been core sampied. Tae second sourcs of
arTor invoives the diswiouton of waste 0 e second or turd taoks in  <ascade. (ae
disTibudon assumouons in che model aesd © e checked iganst the sample dara ‘ot de

downsreamn :anks i the cascade. The ‘hird source of 2rTor imveives e composiaon It
suca wase i e JownsTeam cecsiver anks. tae rIDW Tode! issumes thac diese
wastes have ‘he same compositicn profile. Since various Somronents sefie it dirfersat
rates. devending on the solupility and size of precipitates that ire ‘ormed. te
downsiream tanks probably contun 2 studge dat is differsac @ composition Tom the
studge in the orimary recsiver anks. For some radionuciides. such is 0S¢, carrier
orecipitadon grocssses in the presence of feric iron may be mores imporwant n the
primary semiing {ank than i one of e downsweam anks wiers less ron 's :xpected
the waste. Co-precipitauon Wit ron zould dias che expec:ed diszibuuon gamern Jor
©Se. [f organic somplexants are present. a sigauicant Tacuon At te ¥Sr might aot
precipiate sven in te presence of ron. CherusTv condinons 1 she ;ank can 2ave an
impormant 2:fec: on the behavior of Tacs sadionuciides. For dhis reason. one siouid
aiways TV :0 caiibrate coth (e modet and underiying assumptions n he modei witl
sampie data Tom he arget 1ank popuiadon.
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The HDW Mode: can be used in a variety of ways 0 -atonalize the distribution of
trace cadionuclides. o st the consistency of sample based estimares. or 0 st the
validity and accuracy of the waste mansaction records for cermin anks. The mode! can
also be adjusted ro munimuze ossibie discrepancies berwesn mode! and sampie derived
ssumates. Wich such adjusunents. the mode! can be used {0 oroducs more celiable
predicdons for those anks wth common waste types that ave aot deen sampied. Since
many of ese adjusanents can de ilso made or analytes wiere fie sample data 2xists.
it should be sossible to ailor the mode! ourput for groups of radionuctides :hat axhibit
common chemiswy vehavior. For sxample. *Sr couid de used o simuiate the behavior
of insolubie radionuctides. suca s :he actunides, “*'**Zu could e used for che semi-
soluble radionuclides: and Cs could be used o simuiate :he beaavior of solubie
cadionuctic ~ Thus approach wouid presumably lead 0 a demer disoibution of ‘he
radionuctic.. .ud sigmficandy umproved @ank invemntory oredicuons.

m
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