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HANFORD DEFINED WASTE MODEL
LIMITATIONS AND IMPROVEMENTS

1.0 INTRODUCTION

1.1 BACKGROUND: RECOMMENDATION 93-5 IMPLEMENTATION PLAN

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

|

Since Recommendation 93-5 was issued, significant progress has besn made in
understanding ank sarery-related phenomena, resolving tank sarery issues. and
enhancing the capabilities and efficiency of tank waste characterization operations.
Accomplishments in each of these areas led to the realizaton thar :ank sarery issues can
not be resolved solely by accsierating tank waste sampling and analysis activiues. [t
was decided that the key o resolving safery issues is to better understand safery- related
(ank waste pnenomena.

A revised characterization and safety swategy was developed in May of 1996.
This revised stwategy, DOE/RL 94-0001, “Recommendation 93-3 Implementation Plan,
Revision 1,” (DOE-RL 1996) is a multifacered approach consisung ot numerous
actuiviues. [n general. the primary focus is on maintaining tanks in an interim
conriguration using salefy measures. enginesring conwols. administrauve procedures,
and miugative acuons. Key elements of the approach include sampling of High Priority
Tanks, safery scresning sample analyses, qualification of roary mode core sampling,
and determunation of flammable gas concentrations and the presencs of organic
solvents.

Secton 5.6 and Appendix J of the Recommendarion 93-5 [mplementarion 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 informarion by imposing a
multmde of Tank Waste Remedianon System (TWRS) Data Qualicy Objecrives
(DQOs).

Section 3.6.3.1 of the Recommendation 93-3 Implemeriation Plan lists milestones
for addressing DNFSB concerns regarding tank waste characterization and safety. One
of the milestones. 5.6.3.1.1, 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 include 5.6.3.1.d. ‘Updaté
Historical Tank Content Estimates (HTCEs)” and 5.6.3.1.f, “Provide Standard
Inventory Esumartes for all Tanks.”

1.2 WASTE CHARACTERIZATION AND SAFETY STRATEGY

Hanford’s single- and double-shell tank wastes are diverse due to aumerous
procsssing operauons conducted over the past four to five decades. This diversity of
processing operauons, coupled with incomplete records of tank waste ransters over the
vears, creates a complex challenge for tank waste characterizaton. This simaton is
complicated by limited riser locadons for sampling, incomplete core recovery during
sampling, and spadal variability within the wastes.

A fundamental step in tank waste characrerization is the development of an
approach for acquiring tank waste samples and svaluaung tank waste information. In
an unconstrained environment. standard tank waste sampiing schemes (random grids.
sequential sampling, etwc.) could be implemented to reduce uncertainues associated with
estimating tank waste inventories. However, the tank waste sampling situacion s highly
consuained at the Hanrord Site. As a resuit, 3 meaningrul, staastically defensible
picture or tank waste inventories cannot de provided through sampling alone.

Consequently, ank waste samples cannot be considered in isolaton. Numerous
sources of ank waste information 2xist, and must be considered in conjuncuon with
sample results to develop a more thorough understanding of tank wasie inveatorles.
These sources of informaton include process flowsheets. chemical use records.
material purchase records, waste mansfer histories, surveillance measurements.
aumerical mode! predictons. and other sources of ank waste dara.

Two key sourcss of information used in determining ank waste inventories are (1)
the analytical data from samples of wank wastes, and (2) aumericai model predictions of
tank inventories using the Hanford Defined Waste (HDW) Rev. 4 model (Agnew et al.
1997). The HDW model estumares 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.,
tank groupings and associated waste type templates). Although snginesring assessments
utilize process history, some input assumpuouns (e.g.. flowshest basis) may differ from
those assumed in the HDW model if the revised assumptions are believed to be a better
representation of the actual situagon. '

[ ]
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1.3 BEST-BASIS INVENTORY ESTIMATES

DNFSB milestone 5.6.3.1.f. “Standard [nventory Estimates for all Tanks.” was
completed in August of 1997. These standard inventory estimates, more commonly
referred to as the Best-Basis Inventories (BBIs), include 25 chemical analytes and 46
radionuciides. The chemical anajytes and radionuclides comprising the BBIs were
derermined following review of applicable TWRS programmatic DQOs. The BBIs
were generated on a @nk-specific. as well as global basis. and represent greater than
96 percent of the chemical mass and radionuclide activity in Hanford tank wastes. The
global invenrory estimartes inctude five additional chemical anaiytes that were
introduced during tuel fabricadon. fuel fission and activaton. chemucal process
operauons, and chemical umpurities.

The BBIs are based on actual sampie resuits, when the data are available and
deemed reliable. I[n the absence of acmual sample results. engineering assessments are
conducted 0 exmapolate knowledge gained from sampled tanks 0 tanks believed to
contain similar waste types. In the absencs of reliabie sample results and a basis for
engineering assessment axtrapolatuons, HDW model (Rev. 4) (Agnew =t al. 1997)
inventory predictions are used. During the development of the 3BIs, all sources of
@ank inventory information (sample resuits. 2ngineering assessments. and HDW model
predictions) were considered and reconciled against one another to arrive at the best
estimate of tank waste inventories. This methodology is discussed further in Standard
[nventones of Chemicals and Radionuclides in Hanjord Site Tank Wasres (Kupfer 2t al.
1998).

This report addresses how the information gained from the sampling and
analysis of high priority tanks has resulted in updates to the HDW mode!f. Existing
limitations of the HDW mode! are aiso discussed along with proposals for additionai
mode! enhancements o improve the mode!l’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 ank waste inventories. The historical
information forming the basis for the HDW model. although extensive, is sull
incomplete. Furthermore. certain assumptions cegarding waste content and behavior
are embedded within the HDW model’s architecture. The resulting model-based
predictions of tank waste inventories contain potenual inaccuracies that need to be
better understood and quantified. This report discusses the results of HDW model
evaluatons in each of the rollowing areas:

[nput information. Zvaluate source terms, solubilities. split factors, transaction
records. and other Xey input data aecessary tor predicting @nk waste inventories.

)
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Assumpcions and sensiuvities. Evaluate the physical | chemical constraints
imposed by embedded modeling assumptions and determine :he mode! mntroducss,
dampens, or exacerbates variability in the @ank waste invento,y sstumates.

‘Ourput comparisons and uncertintes. Compare sampling data and model
predictions to examine model accuracy, and evaluarte uncertaindes associated with
process and analyte solubiliry variations.

[n additon to these areas of evaiuauon, a Historical Mode! Evaluarion Data
Requirements (Simpson and McCain 1997) Dara Quality Objective (DQO) document
was prepared in support of tank waste sampling activides. This DQO is being used to
obuain informadon through seiectve tank waste samgpling to refine common waste tyr:=
compositons (waste templates) and quantify uncertainues in @nk waste mventory
predictions.

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

Wten the HDW model was nidally developed. there was a concern that
individu.. .ank-by-tank inventories could not be well documented. The original
intended use of the HDW model was 0 provide a tank-by-iank estimate of the tank
chemical inventories. Since that ame. the rank-by-tank ssumares nave besn developed
using sample dara and process knowledge. Currenty, the primary aeed for the HDW
model is t0 esumate the tank-by-tank disgibution of radionuctides.

[t is generally preferabie 0 base wank waste inventories on acrual sample resuits
when the data are available and deemed reliable. This includes extrapoladons of
sample resuits from sampled to unsampied tanks if the process history and waste
ransaction records suggest that the ranks contain similar waste types. With some
axcepuons, ank waste samples (particularly core sampies) appear 0 be representauve
of the flowsheert of the waste separations process. [n the abseace of celiabie sample
results and a sound technical basis for 2xmapolating sample resuits from one tank -0
another, the HDW mode{ provides a process history-based prediction of indiviai.i tank
waste inventories.

Although sample-based inventories are preferred, engineering assessment-based
inventories provide an important verificadon functcn. [t is possible for sampie-based
inventories (o be biased as a resuit of limited sampling locations, poor sample recovery,
and spatal heterogeneities within the waste. Engineering assessment-based inventories
provide a process flowshest or similar waste-type comparison (o determine if sample-
based inventories are the best representaton of rank contents.

Comparison of sample-based and enginesring assessment-based inventories with
the HDW model predictions can be very usetul. Major differences in the inventories
predicted by the various methods could result {rom biases in the sample results,
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variations in assumed procsss flowsheets, or invalid assumptons used by the HDW
model. Experience has shown that some defined waste compositions used by the HDW
model differ from chose derived from enginesring assessments or indicaced from sample
dara. Also, assumptions in the HDW model regarding component solubilities and
existng waste cypes in the tanks, sometimes differ significantly irom those assumed in
enginesring assessments or mndicated from sample data.

For the 25 chemical analytes comprising the BBI, surficient analytical informanon
is usually obtained from sampling the ank or can be sxtrapolated from sampies from
fanks contaming similar waste types. (o esumate @ank inventories. More than
90 percemt of the toal chemical mass is determined by this method. Consequenty, the
HDW modet is generaily not needed for chemical inventory astimates. but is otten used
for companison purposes.

The total (global) radionuclide inventories presented in the the HDW modet are
based on the ORIGEN2 code (see Section 2.1.3 and Apppendix D of this report). The
HDW modet is used primarily to distribute radionuctides o individual anks. The BBI
radionuclide inventory currently consists of 46 radionuctides. Some of the
radionuclides are well represented by sample darta. typicaily ¥Sr. ¥’Cs, **'Am. Z**Py,
total aipha content and total uranium. One applicaton of the HDW mode! in generaring
BBI values is the calculadion of the disgribution of uranium and 2aipha isotopes. That is.
the -isotopic disaibution of uramium predicted by the model is aormalized 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 determuned dy
sample analysis. Some sampie information is also available for ®Co and ®*Tc. The -
remainder of the radionuclide inventory esumates default 0 HDW model values. Some
of the radionuclides for which lile sampiing data 2xist (e.g.. ®Tc. *Sn. "Se. and
others) are criucally important from a safety risk and perrormance assessment
perspecuve, even though they represent a relauvely small poruon of the radionuclide
inventory (by acuviry).

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

in
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that mimic radionuctide behavior). This is discussed further in Appendix E of this
report.

1.6 IMPACT OF NOT USING THE HDW MODEL

The potential impact of not using the HDW mode! may or may not be
significant, depending on the analyte or wrerest. Lass than 10 percant of the chemical
inventory is derived irom the HDW model. Total radionuclide inventories are
currently available from ORIGEN2 data and DKPRO analysis. The tank-by-iank
distributon of *Sr and *’Cs are well understood from sample anaiysis and process
fustory based engineering assessments. Uranium isotope distribuuons may be iess
precise than current estimates if the HDW mode! were aot used. The ank-by-ank
distribution of most radionuclides would be impossibie to predict in the absence of the
HDW model.

O
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2.0 HANFORD DEFINED WASTE MODEL DEVELOPMENT

2.1 THE HDW MODEL

An insighrful first step in the characterization of tank waste is the compilation and
avaluartion of historical informaton regarding the waste-generating procasses and the
transter of waste marterials (0 and trom wnks. This histoncal information provides a
sound basis for a “tirst approximaron” of tank contents that can be compared to actual
tank waste sample results.

A more complete description of tank contents was developed from historical
records (Historical Tank Content Esumartes, [HTCEs]) 0 meet DNFSB mulestone
5.6.5.1.d. The HTCE:s included all conuibuting waste sweams for ¢ach ank © predict
an overall tank waste inventory.

[n order to prepare the HTCEs, the following rnajoi‘ tasks were complerted:

e Chemical composidons for 48 process waste streams from four separations
plants. several different radionuclide recovery operations. and 2ight different
svaporator campaigns were derined (HDW, Agnew et al. 1996).

o Fifty vears of process history and more than 40.000 documented twransactuons
were organized into a siructured database (WSTRS, Agnew er al. 1995a).

¢ Volumes and locations of the various process wastes in the tank farms were
asumated (TLM, Agnew et al. 19950).

e Compositions of concenmrated and non-concentrated supernatant mixtures
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 s
referred to as the HDW model.

2.1.1 HDW Maode! - Rev. 0

The HDW mode! was first used to predict chemucal and radionuclide inveatories
in Northeast and Southwest quadrant tanks in June of 1994 (Rev. 0). The Norzheast
quadrant includes anks in 241-A, -AX, -B. -BX. -BY, and -C tank farms. The
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Southwest quadrant includes tanks in 241-S, -SX, and -U ank farms. Revision 0 of the
HDW model assumed singie waste types for saltcake and salt slurry.

2.1.2 HDW Model - Rev. 1

[n the Fall of 1994, Revision L of the HDW mode! was used to predict the
chemical 2nd radionuclide inventories tor 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 berween Revision 0 and Revision 1 was the addition of
process vessel corrosion source terms (Fe, Cr. and Ni) and a sourcs term for hard
water (Ca). Revision L also blended all evaporator campaigns into muiti-year
cornposites. The zvaporator biends were an improvement over the single waste types
for saltcake and salt slurry assumed in Revision 0. The svar-rator blends provided
good representations Of the toral waste generated during ac  1ign and overall waste
volume creducuion. However, one of the probiems with Re  .n | was that it calculated
"Cs and ®Sr inventories roughly 20 percent higher than would be zxpected.

2.1.3 HDV Model - Rev. 2

Revision 2 of the HDW mode! was issued in the Winter of 1995 (Agnew 2t al.
1995c). The five later 2vaporator campaigns were 2xpressed on a tank-by-tank basis
using the Supernarant Mixing Mode! (SMM) (0 predict waste concenrration histories
through each of the evapore:r campaigns.

A Revision 2.1 was issued to correct problems with the calculauon of water
content and totaf organic carbon (TOC). Revision 2. and itr  ccessor Revision 2.1,
improved the ’Cs and ®Sr inventory calculation deficiencies mherent in Revision 1.
Revision 2.1 also included chloride and potassium source terms that are affected by
sodium hydroxide additons. Several other changes were .. .2 including the additon
of a mercury source term for the fuel decjadding process, si:ght adjusunents to the
wastes generated by the uramum recovery process, and realignment of the first- and
second-cycle bismuth phosphate process waste campaigns.

Revision 2 aiso reduced the procsss vessel corrosion source terms for early
bismuth phosphate wastes and deciadding wastes. This reducton in corrosion source
terms was consistent with the fact that bismuth phosphate and decladding waste
procssses were much less corrosive than either the reducton and oxidation (R. J0OX)
or plutonium-uranium extracton (PUREX) processes.

»ite improvements made in Revision 2 and Revision 2.1, problems still existed
as: .: of incomplete waste ransacuon records for later evaporator campaigns and
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resultant impacts on the distribution of waste concanrrates. Most notable were
problems with chemically unpossible over concanrration (e.g., Na in excess of
6 mol/L) while sturry recsivers were more dijute than expecred.

2.1.4 HDW Modei - Rev. 3

Revision 3 of the HDW model was issued in May of 1996 (Agnew 2t al. 1996).
Extensive modifications of the WSTRS dataser occurred as a result of adjusting
vaporator ransactons (0 blend on a quarterly, or 2ven {ner ume scale. [mprovements
in the ransacton records were possibie througi the discovery and incorporation of new
2vaporaror logbook datasets. An exrensive set Of ceports addressing 242-S and 242-A
2vaporator operations were also uncovered and incorporated. Unfortunately, detailed
information cegarding 242-T evaporator operauons was lacking.

The analyte list included 4 cadionuctides (‘*'Cs, *Sr. 2*Pu. and 2*U) and 33
nonradioactive chermcal species (Na. Al. Fs, Cr. Bi. La. Hg, Zr. Pb, Ni, Sr (stable),
Mn, Ca, K. OH. nitrate. migriee. carbonate. phosphate, sulfate, silicate. F. Cl. cirate,
zthylenediamineterraacetic acid (EDTA], aydroxyethylethylenediaminemiaceuc acid
(HEDTA], giycolate, ac=rate, oxalate, dibutyl pniosphate [DBP], butanol, ammonia. and
terrocyanide). Five waste properties are also included (densiry, wi% water, wt% TOC,
sludge void fraction. and heat load).

Analyte inventories change very lictle from previous versions of the model. Most
notable were changes in Pb, Mn. and oxalate inventories. The Pb inventories increased
by almost two orders of magnitude due to the inclusion of the Pb coating that covered
2ach fuel slug. An error was discovered in the Mn concentration in PUREX organic
wash wastes during the 1963 to 1967 dme period. The correcton of this error reduced
the Mn inventory by a factor of five. The oxalate inventory increased by a ractor of
threes 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 radionuclides with predicted inventories was expanded
from tour to 46. Secondly. calculations of analyte variabilites for each tank based on
procsss and solubility uncertaintes were included.

The historical Fuel Activity Data File generated by the DKPRO! computer code is
the HDW model’s primary radionuclide source :erm. This file determines the activiry,

* DKPRO is a computer code for -adicactive decay and separations processing.
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in terms of curies, for the 46 radionuclides in each of 1,276 batches of Hanford reactor
fuel processed through the separauons plants trom 1944 through 1989. The DKPRO
calculations of radionuclide activity are based on ORIGEN?2* computer runs that predict
discharged fuel acuvity for a series of fuel 2xposure levels and fuel rypes. The ourput
from the DKPRO computer code is expressed in terms of curies per fuel batch.
Revision 4 represents the first actempt at carrying radionuclides through reprocessing
for uranium recovery and B-Plant S¢/Cs campaigns.

Revision 4 also addresses two sources of uncertainty cesuiting from process and
solubility variations. The vartation of 33 processes is caiculated at +/-1.00 Relauve
Standard Deviadon (RSD) 1o generate two scenarios. Two separate scenarios 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 additional scenarios. [n
all, 36 scenarios of the 48 HDWs provide 1,728 variatons for each analyte in 2ach tank
at =/-1.00 RSD. Maximum and mimimum variations are selected from this set 0
represent <+/-1.00 RSD (67 percent confidencs intervai). Another 1.728 vanations are
calculated for the +/-1.96 RSD. Their maximum and minimum variations then
determine the —/-1.96 RSD (93 percent conridence interval).

2.2 HDW MODEL (REVISION 4) USER INTERFACE

The HDW model may be useful for predicting the chemical and radionuclide
inventories wn anks where 10 sampling results exist or where a basis for 2ngineering
assessment exwapoiations fom similar anks is not possible. In an effort (o maximize
the flexibility of the HDW model and easily accommodare changes in model input
parameters and assumptons. 2 HDW mode! user interface was developed during Fiscal
Year (FY) 1998.

The user intertace provides on-line interaction with the HDW model. [t is writen
in Visual Basic’ for Applications. the standard macro programming language for all
Microsoft Office* applications. Thres Microsoft Excel’ workbooks and one dynamic
link library file were developed to facilitate access to, and manipuladon of, HDW
model! input paramerers and assumpuons. '

Once the user interface is accessed, a series of tabs are provided t0 make changes
in the HDW mode! input parameters and assumptions. A “General” wb includes
opuons for autornatically adjusung the tfraction precipitated in the HDW model.
establish the run date for invenrtory estimates. check for values exceeding user-definable

* ORIGENZ (Oak Ridge !sotope Generation) is a computer zode.
3 Visual Basic is a trademark of Microsott Corporation.

* Microsott Office is a rademark of Microsott Corporauon.

3 Microsott Excsl is a crademark of Microsoft Corporation.

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

A “Solubility Limits” ab enables changes to solubility limits in one of two ways.
First, solubility limits can be set for a given chemical analyte. Secondly, the tfraction
precipitated for sach HDW waste type can be set individually. When a chemical
analyte or HDW waste cype is selected, the corresponding values for the species are
displayed for the supernatant and siudge conceawatons. The fraction precipitated can
be adjusted auromatically as changes are saved if this oprion is selected under the
“General” w@b.

A “Procsss Chemicals” b allows determinarion of chemical and radionuclide
concenaauons {or each HDW waste cype. Chaemuicals can be added to each of the
HDW waste cypes. [f a chemical and associated waste type is caiculated by
spreadshests embedded witin the HDW modet, then a message will be displayed
indicatng that the value cannot be changed.

A *“WSTRS Transaction” b includes options for editing, nserting, and deleting
ransacdons from the WSTRS dataser. Waste cansactions are displayed on a quarterly
basis for a given :ank and vear. If a particular wasie qansacuon is iabeled 1s a “send”
or “receive”, then the corresponding tank's waste transactions will oe displaved with
the send/receive Tansacton mghlighted. Although a grear deai of dexibilicy and
{reedom are provided with respect 0 changing WSTRS wansactions. there are certain
restrictions based on aansacuon type and whether it is an edit. nsertion. or deletion.
For zxample, the volume percent solids and solids type can only be accsssed for the
addition of prumary wasles {rom a processing plant (xin, always posiave) or a transter
from another ank (rec, always positive). Tais tab also contains the option to create a
“virtual leak tank” to mack all mansacuons designated as @ank leaks.

-
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3.0 LIMITATIONS AND ACCURACY OF HDW MODEL - RADIONUCLIDES.

The HDW (Rev. 4) model and it’s supportng codes. DKPRO and ORIGEN2
were used (o predict tank-by-tank invenrories for 46 key radionuclides as well as
“global” inventories for all 177 wanks. These predictions conrain 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 arrors related to the difficulty of modeling in-tank
chermustry and rank-to-tank waste transters. The following sections are presented to
describe the magrutude of uncertaindes in the HDW (Rev. 4) model’s predicton of
global and individuai tank inventories. A major objectve is to idenury the degres of
model unprovement that could be gained by various modifications (o the model.

3.1 UNCE‘RT.-LINTIES AFFECTING GLOBAL INVENTORY MODELING

The current degres of bias in Rev. 4 global values has been 2valuated via a
sensitvity study in which individual input parameters. used in the supporting ORIGEN2
code, were updated. ORIGEN? code input parameters were adjusted to account {or
recently updated data libraries defining (1) auclear cross sections, (2) the ume
variability of certain uranium fue! impurides which serve as targer auclides for
activadon produc: generaton. {3) radionuclide haif-lives. and 4) fission produc: vield
tactors. These four parameters ail arfect the ORIGEN?2 code’s prediction or
radionuclide activity in fuel that sntered Hanrord separatons plants. Appendix D gives
details describing the results of individual parameter adjusuments.

HDW model Rev. 4 global inventory values also contain uncertainties related to
fractional losses of certain radionuciides that occurred during fuel separations
operations (i.2., losses to amnosphere, procsss condensate. and product sireams). I[n the
HDW mode! many of these loss arffects are (conservanvely) neglected. For the
extracted “product” elements (U, Pu, Np) the model has used loss factors containing
uncertaintes, which really cannot be characterized untl additional anks are sampled
and analyzed.

Table 3-1 summarizes “bias {actors” for 46 ey radionuclides associated with the
composite zffect of adjusting the four ORIGEN? input parameters. The bias factors
express the ratio of the global curie inventory as calculated with updated input
parameters t0 the original curie inventory as calcuiated 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 model (Rev. 4). Comments in the
*Other Factors” column indicarte that there are additional sources of uncerwinty in the
global inventory related to processing losses and decay calcuiation limitations.
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Table 3-1. Uncertainty in Global Inventory Values.
} C°;fa‘~:°:,‘ © Other uncertainty factors
P H3 0.99 The HDW model assumes 100% of witium in fuel is
‘ routed 0 rank wasie. Due to losses to ammosphere and
| condensate. acrual ank inventories are sigmiificandy less.
' Cl4a 0.80 Additonal uncertainry may exist. associated with losses of
| ! C-14 10 atmospheric 2missions.
| CO60 @ 275 . |
| NIS9 i 118 ! ;
{ NI6S | 1.35
SE7S 0.042 -
0.092
SRS0 0.99 The HDW global inventory for Sr-90 may be biased low
by 14% due to internal assumpdons accounung for the
quantiry of Sr-90 separated in B-Plant and routed (o
_ i capsules. otfsite. olant residuals and solid wastes.
Y0 ! 099
ZR93 ! 1.00 !
' NB9m . 1.00 '
i TC99 | 1.00 | The HDW global inventory for *Tc may be biased high by
; | ’ abour 32% due to 1r’s not ac;ouming for the fractional
i u ! separation of Tc (to the uranium product stream) in the
': I | yranium cecoverv. PUREX. and REDOX orocesses.
. RUL06 ¢ 100
| CDIl3m! 066
| SN126 ! 026-032
| _SB125 085
[129 0.76 ' Additonal uncertainty may exist. associated wich losses of
i I to aumospheric emissions from fuel dissolution
i operanons. The HDW model assumes [00% is routed 0
i ank waste. '
CS134 | 1.00 |
CS137 1.00 | The HDW global inventory for *"Cs may be biased
| ' slighdy high (less than 2%) due w0 internal assumptions
! \ accounting for the quantity of *Cs separated in B-Plant |
: and routed to capsules, offsite, plant residuals and soiid
| wastes. i
! BAI37m 1.00 '
| SM151 1.06 [
. EULS2 0.91 ;
EUL4 0.39 |
EU133 0.97 '
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Table 3-1. Uncermainry in Giobal [nventory Values.
Cob?;qfs © : Other uncermainty factors :
RA226 1.00 . The HDW global inventory tor =*Ra is biased (ses note a) | I
oy factors of 0.03 - 1.0 due to decay caiculauon :
limitations and devending on waste (ype. i
RA228 1.00 ;. The HDW giobai inventory for —*Ra is biased by faczors
of 0.02 - 1.0 due to decay calculation limitations and
depending on waste cype.
AC227 1.00 | The HDW global inventory for =" Ac is biased by factors
! of 0.03 - 1.0 due 0 decay calcuiaton limitauons and
' depending on waste tvpe.
TH229 1.00 | The HDW glopal inventory for =™ is biased by factors of |
i 0.14 - 1.0 due to decay calculartion limitations and
i depending on waste ype.
| TH232 1.00 | The HDW global inventory for “*Th is biased by factors |
| , of 0.01- 1.0 due (0 decay calculation limitations and !
| ' depending on waste cyoe. 3
S S 1.00 | The HDW global inveatory for uranium may be §
i i i significandy uncerain due to the use or approximarte
i i tactors, wich account for extraction losses and
! ! | assumpuons reiated o the 2rficiency of U recovery from
f ? ! Metal Waste studges. ;
- U235 1.00 ! : :
. U234 1.00 -
U235 1.00 - z
[ U236 L.13 * ;
+ U238 1.00 * :
NP237 : 0.72 ; The HDW global inventory for aepturium may be i
| : significandy uncertain due o the use of approximate ;
»‘ ! factors. which account for exmracton losses. ’
PU238 0.95 : The HDW global inventory for plutonium may be
i! significantly uncsrtain due to the use of approximate :
+ factors. which account for exmaction losses. =
| _PU239 0.99 -
. PU240 1.36 *
r PU241 1+ L.13 -
I PU242 | 1.27 * ;
P AM241 1.18 f
PAM243 1.07
-~ CM242 1.00
. CM243 1.01
| CM244 L1.01

s
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Table 3-1. Uncertainty in Global [nventory Values.
Compo§'1re I Other uncertainry factors
bias

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

3.2 UNCERTAINTIES AFFECTING INDIVIDUAL TANK INVENTORY

MODELING

This study assesses uncertainn < :» @ank-by-iank inventory predictions in three
ways: (1) by analvzing the broad cr 'son Jerwesn model predicuons and analytical
values for a set of 60 sampied and « 1 ranks. (2) by systematically adjustung
various parameters in the HDW mec:: (such as chemical and radionuciide solubility

factors) to test the degree of march berween model and predictions and measured
inventory for seiccted :anks. and (3) by comparison 0 independent calculations. The
tank selection inc'ndes 47 core sampled SSTs and |5 DSTs with sampie values as of

{994 the fast - .ction date.in the model. The second assessment uses systematic
adjusuments of : .. :ous parameters in the IDW model 10 ‘'~ - ‘ve the march oerweer

mode! predictions and measured (analvtical) values for ¢.. ‘ucuiar probiem or “outlier”
tanks. Tae third assessment evaluates the degres of iank prediction error resulting Tom
the HDW mode!’s method of waste concenwrauon averaging. Results rom assessment
(1) define the overall model-versus-sample 2rror. Results from assessments (2) and (3)
tdenufy certain sources of error in th.  .ode! and the:ir contribution to 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 key radiorr  i=s. [n this discussion,
measured tank tnventory values are assumed to be the m. valid. These comparisons
have been evaluated by simple “scamer plots™ in Appendix A. The scatter plot for
Y7Cs indicates a relatively good march berween mode! and measured inventory for
Hanford’s highest invenrtory tanks (such as 241-AZ-101 and -102). model/measurement
rauus vary from 0.4 0 2. For lower wnvenrory wanks., however, (tanks conuaining less
than about 100.000 Ci of ¥'Cs) the mode! versus measurement uncertainty becomes
celatively large: modei/measuremen: ~:tios vary from 0.013 to 30. The average model
prediction for these 60 tanks appears i be biased 20 percent lower than the average of
measured values.
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The scamer plot for ®Sr, which is considered to be an insoluble fission product.
(ndicates good agresment {or the isolated, aging waste wanks (241-AZ-101 and -102),
but even greater scatter (than for *'Cs) for other tanks coneaiming less than apout 6
million curies. The average modei prediction for these tanks appears to be biased
33 percent lower than the average or the measured values.

The scarter plot for *'Am, an insoluble actinide and major alpha miting
radionuclide. tndicates a relatively poor match berwesn model and sampie
measurements with 1 srong bias oward low predictions; a significant aumber of
predictions were found (© be in order of magnitude low.

Scatter plots are also provided for ®Co. ®Tc, and *Pu (ses Appendix A). Other
radionuclides either have aot be=n measured or 100 few measurements lave been
obtained for a meaningrul comparison. Thus. predictions for other radionuctides can
only be inferred from the scauer observed for ®Sr, *’Cs and **'Am.

There are certain reasons for the observed mismartch berwesn mode! and sample-
based estimates. For ®Sr and '"Cs, the mismarch can be raced o deficiencies in the
HDW model’s solubility parameters. radionuclide split factors (i.2.. Tacuons leaving
tue! processing plants in dirfferent waste swreams). solids carryover (ractions in @ank
cascades, and the WSTRS daua {lle (historical waste ranster records). The daca scarer
for *'Am and the associated bias can be raced o additional factors—the *Derined
Waste Concentration” averaging arror (see Section 3.2.4) and perhaps 0 analyucai
accuracy. (Note that the mode!l’s bias toward low predictions may be only partially
explained by the use of outdated cross section data (se= Appendix D).]

3.2.2 Uncertaindes Due To Solubility and Partidoning Factors.

A sensitviry study was pertormed to identifyv the cause or certain errors and
improve mode! pertormance related 0 the modeling of radionuclide chemisury in the
tank environment. As described in Appendix B, solubility or fracuon precipitated
solids parameters were modified to berter reflect the ®Sr and “’Cs chemisary for 2ach
HDW type. The model was updated with these paramerers and the results 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
modificadons did not provide as much improvement as expected. they did reveal that
most of the problems seem o be associated with Bismuth Phosphate Process waste and
cladding waste.
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To investigate the potential for improving tank-bv-tank inventory predictions, the
HDW model was compared 0 sample based sstimates for dismuth and *Sr (see
Appendix E for derails). The bismuth mial included 30 SSTs with a sample-based
inveatory of ar least 300 kilograms of bismuth each. These tanks collectively contain
about 70 percent of the total bismuth inventory at Hanford. The HDW model was
modified as necessary t0 unprove the fit between mode! and sample based esumates for
these tanks. The revised HDW mode! provided estimartes within —/- 30 percent of the
sample invenrory for 73 percent of the anks. and 2stimates within +/-100 percent of
the sample inventory for 93 percent of the tanks. A similar study was also performed
for 47 single-snell tanks with sample derived ®Sr invenrories (Best-Basis Inventories).
The results show that the revised HDW model grovided astimates witiun
</-100 percent of the sample estimate for 66 percent of the ranks., and estimates within
- /-200 percemt of the sample estumate for 80 percear of the tanks (58 out of +7 anks in
the sample were high, these devianons clearly exceeded the 95 percent confidence
untervals (CI) defined in the HDW model. I[n other words. the 95 percent CI in the
HDW mode! does oot quly represent the wide range of variaoility found in the ®Sr tank
populauon.

3.2.3 Uncertaindes Due to Waste Transaction Data Base Errors

Based on the resuits of solubility seasiavity studies described in Secuon 3.2.2
(i.2., prediction errors for *'Cs do ot appear to be caused by solubility erffects), it is
believed that the Waste Starus and Transaction Record Summaries (WSTRS) may be a
major cause of modeling inaccuracies (Appendix D).

Approximately 60 percent of the WSTRS wansacuons have been investigated and
verified against histonical records. Transacton records prior 0 1980 are incomplete as
a result of unrecorded waste ransactons in many of the tanks. From 1980 w0
January 1, 1994 (the cutorf date for the HDW model), waste ansaction records were
mainuained in support of Operatuonal Waste Volume Projecuons (OWVP) and are
considered (o be complete. Addinonal waste ransactons have occurred since
January 1, 1994, that are not currently included in the WSTRS data set. However,
these mansactions are weil documented in support of annual OWVP preparation. A
task to develop a waste mansaction mechanism will be initiated in FY 1999. This waste
Tansaction mechanism could be used to update the WSTRS data sert w0 include all waste
wansactions since the Japuary L. 1994, cutotf date for the HDW model as weil as future
waste ransactions in support of tank {arm operauons, tank waste remrieval and disposal.

An extensive arfort would be requirsd to research archived historical waste
handling records in order to improve the completeness of the WSTRS dara set for waste
ransactions prior t0 1980. Although many of the @anks have besn sampled, providing
insights into tank waste layers and associated wasie wansacuons, there are numerous
instances of incomplete core recovery. [n cases of ncomplete core recovery. there is
reliance upon enginesring assessments of process flowshests. other historical

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

3.2.4 Uncertainties Due to Mlodel Methodology (Waste Averaging)

One source of uncsrmainty in ank-by-rank inventorv predictions is associated with
the method used in the HDW model 1o generate its defined waste composiuons. [n this
method. the detailed historical fuel batch acuviry file (giving curies in barches of fuel
for periods of one month or less) is summed over time spans of many years and divided
by the corresponding voiume of waste generated over this ime span (o calculate an
“average derined waste concenwmration.” The use or this average concsniration in
calculating the curies added to individual tanks leads to modeling errors. which are the
result of two effects:

t) Over a period of several vears {uel exposures were increased significandy
(specific fuel acuvirty in curnies per MTU increased), and

2)  Over the same operating period separation plant flowshests were improved to
significantly reduce 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) nave changed significantly over a period of vears. The error occurs because
the HDW model assumes a constant average waste rype composition for the period.
Tanks f{illed early 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 2rTors present
in the HDW mode!’s estimarte of curie inventory for various waste tvpes and particularty
tor those tanks which were tilled very zarlv 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 ume periods (quarters), but not 0 the point of
idenufving specific anks filled during those time periods.

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

. Most longer lived radionuclide inventoties estimated by the HDW model to
be in Bismuth Phosphate waste recsiver 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 the ank was filled.
Because of its celatively short half-life, the arror range for '®Ru is 2ven
larger.
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»  Mode| esumates for tanks filled with REDOX Process wasie generated from
1952 o 1937 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 tanks where the
invearories could be overpredicted by factors of 20 or greater and
underprzdicted by factors of up to 4.6, depending on when the ank was

filled.) '

e  Tanks receiving PUREX Process waste during the period 1963 to 1967
could he overpredicted by factors of 6 and underpredicted by factors of 2,
" depending on when the anks were filled. The **Cm in these same tanks
could be overpredicted by up o a factor of 30.

These uncertainty ranges are presented as an 2xample of the degree of uncerainty
present in mode! predictions for all waste types. For any single waste type, some tanks
will receive wase that is predicted erroneously low; some @anks will receive waste that
is predicted erry  usly high: while some wnks will surely receive waste where the
“average” comcs. itiom is cepresentative of the ue concsneration.
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4.0 SUMMARY AND RECOMMENDATIONS

DNFSB milestone $.6.3.1.f. “Standard Inventory Estimates for all Tanks.” was
completed in August of [997. These standard inventory sstumates. more commonly
referred to as the BBIs. include 25 chemical analvtes and 46 radionuclides. The BBIs
were generated on a tank-specific, as well as global basis, and represent greater than
99 percent ot the mass and radionuclide acuviry in Hanrord tank wastes. During the
development of the BBIs, all sources of tank inventory information (sampie resuits.
2nginesrng assessments and inventory predictions om the HDW model. Rev. 4) are
considered and reconclled against one another to arrive at the best 2stimate of ank waste
tnventories.

Section 3.6.3.1 of the Recommendarion 93-3 [mpiementation Plan lists the
milestone 3.6.5.1.1. which requires issuance of this report addressing ~Updates to the
Tank Contents Mode! or Derine Limitations or the Model.” Validaton and review of
the HDW model. Rev. 4, bases were part of the BBI effort in FY 1996 and 1997. This
Secuon summarizes the cesults of the review and provides the conclusions and
recommendations for potenual furure updates 0 the model.

DNFSB Milestone 3.6.3.1.i requires that the quality of HDW mode! predictions
be assessed to determine the credibility and derensipility of model-based predictions of
ank waste inventories. The resuiting model-based predictions of ank waste inventories
contain potenual inaccuracies and itmitations that nesd 0 be better understood and
quantified. The HDW model 2valuations focused on 2ach of the following areas:

e [oput informadon. Evaluation of HDW model source ierms. solubilides,
split factors. transacuon records, and other key input data necessary for
predicting @ank waste inventories.

¢ Qurput comparisons and uncerainues. Comparison of sampling data and
model predictions to examine modet accuracy and evaluation of uncertainues
associated with process and analyte solubility variauous.

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 Hanford tank wastes.

4.1 USE OF HDW MODEL

The HDW model supports the BBI effort oy providing the basis for distwribution on
a tank-oy-iank basis for radionuclides that were not represented by sample data. The
mode! also provides a basis for comparison with procsss flowshests (waste composition

[ ]
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data), process waste rypes. volumes and compositions of the waste rypes. and
evajuation of waste ransaction dara. '

4.2 LIMITATIONS OF THE HDW MODEL

This effort identified several limitations of the HDW model. The significance of
these !imitations must be assessed by the dawa users, i.e., the developers of the
performance assessment (PA), Hanford Tank [niuadves (HTI), vadose zone swdies,
and Final Safery Analysis Reports (FSARS).

The mode{ can be highly varnable in accuracy of predicing tank-by-zank
inventories at this tme. An 2valuauon of bismuth indicates that the HDW model
predicts the cue bismuth inventory within a facror of ten for most tanks.

The mode! frequently provides ssamates for *Sr and **Cs thar fall within one
order of magnirude of the measured value. The measured range ot vaiues is over six
orders of magnirude.

The model frequently provides estimates for *Tc that fall within two orders of
magnitude orf the measured value. The measured range of values is nearly four orders
of magrnumde.

The HDW model. as a predicror of the total (global) waste inventory. is much
more accurate than it is for tank-byv-iank inventories. For example, while the HDW
model’s prediction of individual ank “’Cs inventories can be uncertain by up 0 a
tactor of 10 or more. the mode!’s prediction of global *'Cs in all wanks is likely
accurate t0 within 15 percent. A simular level of global inventory accuracy can de
expected for most other non-extractable, non-volatile fission products.

Global predictions for *Tc are estimated to be accurate to within about
50 percent—this greater uncermainry being related o the uncertain fractional separation
of technerium (to the uranium product stream) in various fuel separauons processes.
For activation products that have resulted form poorly characterized impuriry levels m
reactor fuel, the HDW model’s predictuon of global inventories may be even more
uncertain. (Radionuclides in this category are ®Co, "“C, ®Ni. and ¥Ni.) For
radionuclides that have seen significant. ver poorly defined. chemical separation trom
the waste streams (‘H. “C, ). the HDW modetl’s prediction of global inventories may
also be significantly 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 o create an updated Fuel Actvicy File. In FY

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

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

Further potenual improvements o the accuracy of the HDW model for chemicais
and radionuclides are discussed i Sections 2.0 and 3.0 and in additional dezail in
Apvpendicss B through E. The following summarizes key modifications expected (o
provide the most benefit.

e Updatng the model with improved solubility parameters
e Updatng the model with mmproved radionuclide split factors
¢ Updatng the model with adjusted solids carryover rfactors for cascaded tanks

e Adding decay correction calculations for U and “*Pu w0 the HDW model.
Other second order decay daughters (®*Ra. = Ac. —Ra, —Th. and ~'Pa)
could be deleted rom the mode! as a practical alternarive ©0 the task of
adding decay correction modificatons

o Adding a new radionuclide to the modei—activaton product *Cl
o Correcting the apparent error in the model’s prediction of **Am

e Modifying the model to generate defined waste compositons (for
radionuclides) which more closely account for month-by-month variations in
fuel specific acuvity

o Correcting the WSTRS file to improve the accuracy of historical waste
ransfer records (when model resuits are inconsistent with the sample dara).
This etfort would update the WSTRS file to account for missing ransaction
records. [n addition, the WSTRS (iie should be 2xiended o0 account for
waste ransactons that have occurred since the tile was {Tozen as of January
1. 1994. (This task will likely require considerable rtfort.)

o Verification/updating model tank layering profiles based on core sample
profiles from tanks that have been core sampled
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» Modifying the HDW modei to generare tank specific esumates that more
closely march sample results for key radionuclides

o Calibratng the mode! with key radionuciides or chemical surrogates o
generate more reliable disaribution proriles for radionuchdes thar are aot
currently in our sampie populagon

With part or all of the mode! modifications listed above, the HDW model could
be upgraded to Rev. 3. [t is 2nvisioned that a Rev. 5 version of the HDW mode! wouid
be used to provide the basis for esumating the composiuon of analytes (prumarily
radionuclides) identified n high-level and low-activity fer” specificanons for waste
vitrification operauons. Rev. 5 could also be used to pr: .t the composiuons of
analytes thar may be idenufied in the furure as being important for cisk assessment. @nk
closure, waste form perrormance. or {or {eed specification compliancs for waste
vigificauon. Such an improved model will also provide the basis for judging the
consistency of sample analytical data from tanks with common waste types. Finally,
the model can aid in the development of @nk waste composition uncertanty asumares,
based on sample data from common sludge layers or from common supernates.

Tank specific analytcal requirements, inciuding tank closure regquirements.
performance assessments (PAs). Hanrord Tank [niuauves (RTI), vadose zone concerns,
Final Safety Analysis criteria (FSARs) and immobilization process requirements. must
be astablished by data users 0 determine qow well @ank-by-tank inventory values are
aeeded 0 successtully mes: 2ach of these missions. Whether the updated HDW model
wil] adequately provide these nesds must be determined on a case-by-case basis.

da
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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-aank mventory predicuions. A broad comparison is made berwesn model predicuons
and analyucal vajues for waste from 60 sampled and analyzed tanks. The tank selection
includes 47 core sampled SSTs and 13 DSTs with sample values as of 1994, the last
Tansaction date m the model. This assessment uses systematic adjusanent of various
parameters n the IDW model o improve the match berwesn model predictions and
measured (analytcal) values for certain tanks.

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
to show the relauonship between the HDW Rev. 4 predictuon and the sample value for
the 60 sampled tanks. The ank inventory prediction (in curies) is shown on the
horizonual axis while the sample value (in curies) is shown on the vertcal axis.
Separate plots are provided for six cepresentatve radionuclides.

This analysis shows the degres of mismatch berween the HDW Rev. 4 model
(Agnew 2t ai. 1997. Appeadix E) and measured resuits for key radionuclides: in most
cases, measured tank wnventory values are assumed (o 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 sampie astimates for *°Sr. To interpret the
plot, one must compare data pomnts to the 1:1 a diagonal line. This line represexnts a
pertect fit betwesn samples ind model predictions for all sampled tanks. Most @anks
are clustered near the diagonal line. burt three or four tank clusters are clearly displaced
from the diagonal indicatng room for improved *Sr predictions.

The scamer plot for *Sr, which is an insoluble fission product. indicates good
agreement for the isolated. aging waste ranks (241-AZ-101 and 102), but more scauer
(than for '*Cs) for tanks containing less than about 6 million curies. The average
mode! orediction for these tanks appears to be biased 33 percent lower than the average
of the measured vaiues.
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HDW Model Rev. 4 ®S¢ Inventory Prediction Versus Sample Value.
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HDW Model Rev. 4 ¥'Cs [nventory Prediction Versus
Sample Value.
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Figure A-3. HDW Rev. 4 ®Co Prediction Versus Sampie (or Best-Basis [nventory).
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Figure A-%.

(or Best-Basis [nventory).
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Figure A-3. HDW Rev. 4 Py Prediction Versus Sampie (or Best-Basis
[nvearory).
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