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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.



HNF-3273
Revision 0A

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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(or Best-Basis [nventory).
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Figure A-3. HDW Rev. 4 Py Prediction Versus Sampie (or Best-Basis
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Figure A-6. 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 mode! to sample estimates for '’Cs. Casium-137 is a
very soluble radionuclide. The scarer plot for “’Cs indicates a celatively good march
berween model and measured inventory for Hanford’s highest inventory tanks
(241-AZ-101 and -102), where model/measurement ratios varied from 0.4 t0 2. For
lower inventory @nks, however, (tanks containing less than about 100,000 Ci of ¥’Cs)
the model versus measurement uncertainty becomes relatively large, with
model/measurement ratios varying rom 0.0135 to 50. The average model prediction for
these 60 tanks appears to be biased 20 percent lower than the average of measured
values. The compressed scatter refadve to °Sr seems t0 indicate that soluble
radionuctides such as *’Cs may be predicted more accurately than less soluble
radionuclides like ®Sr.

A5.0 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, respectively. On these piots.
the numoers on the diagonal represent a match berwesn the BBI and HDW Rev. 4
predictons. For *Co. nearly all the off<diagonal points are above the diagonal
indicatung the model’s predictions are biased significantly low relarve to sample values.
For ®Tc, a highly soluble radionuclide. the predictions are also biased low. For 2°Pu.
many of the tanks n the sample population have qo sampie or BBI values. Tiese are
indicated by the points along the bowom of the piot. Only eight of the remaining tanks
are off the diagonal and are evenly divided berween high and low vaiues. Finaily, for
*'Am. a soong bias toward low predictions is indicated with a significant oumber of
model values being an order of magnitude low.

A4.0 SUMMARY OF MODEL TO SAMPLE COMPARISONS

Evidence of 2xcassive randomness and/or bias is evident {Tom the HDW model
predictions for ®Sr and '”Cs. The ®Sr mean is biased 33 percent low and the log ratio
root mean square (RMS) vajue is 0.97. indica-ing a prediction uncertainty of aine times
the sample. The “’Cs mean is biased 20 per. .c 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 ®Co mean s

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 percant low and has a RMS value of 1.0; the **Pu mean is biased 160 percent 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 prediction is biased high because the best-basis inventory
values for many of the tanks were set to zero. The RMS values are significant in that
all represent prediction uncertainties that are 1O times larger than the sample values.

There are certain reasons for the observed difference berwesn the modei and
analytical measurements. For *Sr and ¥"Cs. the deficiencies can be traced o the HDW
model’s solubility parameters. radionuclide split factors (i.z.. {ractions leaving fuei
processing plants in different waste streams). solids carrvover frac:ions in @ank
cascades. and the Waste Status Transacuon Record Summary (WSTRS) daa {ile
(historical waste anster records). The scatter for **' Am and large biases can be rracad
to other factors, including analytical uncertainty. [Note that the model’s bias toward
low predictons is only partially due to the use of poor cross secton daa (see
Table D-3).] Appendix B evaluates the zffects of adjustung the HDW model solubility
parameters on the predictive capabilities of the model.

A5.0 REFERENCES
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APPENDIX B

SOLUBILITY AND PARTITION FACTOR EFFECTS ON
' TANK INVENTORY PREDICTIONS

Appendix D of the Hanford Defined Waste (HDW) mode! (Agnew et al. 1997) provides
sstimates of the solids precipitated rom atkaline solutions (fraction orecipitated estimate) by
waste type for each radionuclide and chemical component. With the goal of tmproving model
performance. revised solubility or fraction precipitated solids esumates were derived to better
cetlect the Se-90 and Cs-137 chemistry for cach HDW cype. The model was updated with
these parameters and the results were compared with sample estimates for the 60 :anks in the
sample popufation. The HDW Model. Rev. 4. was modified using '’Cs and ™Sr fraction
precipitated solids sstuimates developed for 2zach HDW tvpe based on process chemisay. The
model normally calcuiates these values from a single solubpiliry iimit derined for each species.
Three different versions of the mode! were examined 2ach with a ditferent slate of {raction
precipitated solids 2stimates (Harmsen and Schulz 1998). These versions are called Case 1,
Case 2. and Case 5. which are compared to the ZDW Model. Rev. 4. and tank sample data.
The sample data were derived trom tanks tfrom which one or more core samples have deen
taken (47 SSTs and 15 DSTs). The DSTs were chosen Secause 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 0 the HDW
model. These measures were used o compare HDW Rev. 4 oredictions 0 sample values for
60 single and double-shell tanks.

Bl.] PERFORMANCE MEASURES

Performance 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 modeis on the same graph. The zero-
value horizontal line represents a perfect model-:0-sample tit. A value of | represents a model
prediction 10 umes the sample value. while a value of -1 represeats a modet prediction one-
tenth of the sample value. Unbiased predictions oroducs grapis 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 cadionuctide
prediction. Likewise. the root mean square (RMS) value of the [0g ratio measure sumartes che
variance or siandard deviation of the scarer about the pertect prediction. These measures
etfectively quannfy the bias and uncertainty associared with the model’s predicuons.

Because the log ratio is weighted egually for all tanks. an additional performance
measure was developed 10 compare model pertormance by cumuiative curie inventory. Tables
were used 0 accumulate curie inventories with model-to-sampie curie tatios in the following
ranges: 0.5t 2.0.25w0 4. 0.125 10 8, and 0.1 t0 10. These tables show the {raction of
(sampled tank) nventory in each range.

B1.2 SAMPLE ACCURACY

The pertormance measures treat the analytical values 2qually regardless of the aumber
of samples per ank. Analytical vaiues were developed from one 0 eigit cOre samples per
tank. [n this report. the analyucal value s assumed 0 represent the collective inventory of ail
phases in the wank. incfuding sludge. salt cake. and supernate.

B2.0 COMPARISON OF SOLUBILITY FACTORS

In the following discussion. the strontium and cesium iracticn precipitated solids
estimates are discussed in detail. Fraction precipitated values for ®Sr were caicuiated by the
HDW Model. Rev. 4. based on a solupility limit of 0.034 Ci¥L.. Vajues for the “"Cs fraction
precipitated were provided as part Of the model and therefore are not calcufated Tom a
solubility iimit. Fraction precipitated values used in the model are shown in Tabie B-1.
Ceruain groups are represented by a range of values assigned (0 different HDWSs mn the group.
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Table B-l. HDW Rev. 4 Fraction Precipitated Soiids. Esumates for “Sr and '*°Cs.

HDW mode! waste types*

'
i

|

Fraction of srontium (™Sr)

Fracuon of cesium (°'Cs)

precipitated precipitated
Process nigh-acuvity waste
BiPO: process’ - 0 ; 0.01
Other processes® " 0 0 0.986 ‘. 0w 0.05
Claddng waste
Aluminum® ! 0 ', 0
Zircaioy® ‘ 0 | 0
Misceilaneous waste
( Solid waste
Ferrocvanide solids’ | 0.55 0 0.98 i 0.35 10 0.97
Other soiids* | 0.92 | 0
Compiexed waste® ' 0.64100.74 | 0
Other liquid wastes’ ! 0 0.i6

*Arner additon of NaQOH

’Includes HDW Model. Rev. 4, waste types MW1. MW?2_ [C1, [C2, ICl. 2C2. 224,

and UR

‘Includes HDW Model. Rev. 4, waste types R1. R2. P1. P2. P2'. Thl. Ta2. P3.

PL2. and Z

‘Inctudes HDW Model. Rev &,
‘Inciudes HDW Model. Rev 4.
Includes HDW Mode!. Rev 1.
ncludes HDW Modei. Rev 4,
"ncludes HDW Model. Rev 4,
Tncludes HDW Model. Rev 4.

DW, N, PASF. and B

PL1,

waste types CWR1. CWR2. CWP1. and CWP2

waste types CWZrl and CWZr2 , ,
waste vpes PF2CN1. PFeCN2, TF2CN. and 1CF=CN
waste types DE. CEM. and AR

waste types HS and SSR

waste types OWWI1, OWW?2, OWWS3, NIT. BL. CSR.
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Table B-2 summaries the final set (Case 3) of 2sumates used {or the model sotubilicy
calculations. Clearly. significant changes were recommended for bismuth phosphate process

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

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

HDW Model waste types * | Fraction of strontium (”Sr) | Fraction of cesum (**'Cs)
precipitated precipitated

Process aigh-activity waste

BiPOe process’ | 0.98 0.10
Other processes® i 0.98 0.10
Cladding waste
Aluminum’® l 0.58 { 0
Zircalloy® } 0.98 | 0.30
Misceilaneous waste
Solid waste
Fzrrocyamde solids’ ] 0.0 | 0.98
Other solids® ‘ 0.98 | 0.98
Compiexed waste® ' 0.0 | 0.0
Other liquid waste* I 0.98 s 0.0

*After addition of NaOH

Inciudes HDW Model. Rev 4, waste types MW1. MW?2, IC1. 1C2. 2C1. 2C2. 224.
and UR ‘ .

“Includes HDW Model. Rev 4, waste types Rl R2. P1, P2. P2'. Thl. Th2. P3. PLI.
PL2.and Z :

‘Includes HDW Model. Rev 4, waste types CWR]1, CWR2, CWP1. and CWP2

“Includes HDW Model. Rev 4, waste types CWZrl and CWZr2

‘Includes HDW Modei. Rev 4. waste types PFeCN1, PFeCN2. TFeCN. and 1CFeCN

‘Includes HDW Model. Rev 4. waste tvpes DE. CEM. and AR

"Includes HDW Modei. Rev 1, waste tvpes HS and SSR .

‘Includes HDW Model. Rev 4. waste cypes OWW L, OWW2, OWW3, NIT, BL.
CSR. DW. N, PASF. and B
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B2.! SOLUBILITY FACTOR EFFECT ON DEFINED WASTE COMPOSITIONS
Table B-3 provides the ¥'Cs and ™Sr defined wastes compositions in the HDW modef

Rev. 4. Only those waste types arfected by changes in the traction precipitated solid estumares
are listed. The new composiaons derived from the Case 3 fracuon precipiaied 2stimates are

shown in Table B-$.

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

! predicted | HDW Revd4 i Case 3 i HDW Rev { Case 5 ‘
| supernatant . i Se-90 (CUL) | Sr-90(Ci/L) | Cs-137(CiL) | Cs-137 (CUL) |
| for HDW: ! . i ! : |
MWL 0.0050535 0.00010019 0.00569581 0.00508252 |
A 0.00940242 0.0001864 0.01070591 0.00955095 |
| 1ICI 1 001059202 | 0.00021184 0.01194063 0.01074639 |
1C2 0.01847509 ~ 0.00036946 0.02105409 0.01893068 |
| 2C1 0.00139551  2.791E-05 0.0015732 0.001413588 |
| 2C2 0.00133121 _  2.6624E-03 0.00151576 0.00156419
224 0.00019424 3.3849E-06 0.00022033 0.00019851 |
~__UR/TBP 0.01139909 . 0.00022798 0.0123126¢ 001164785 |
. PFeCNL 0.000228 0 0.0005883 0.00025886
 PFeCNZ 0.00022798 0 0.00058823 0.00025887
. TfeCN 0.0002248 0 0.00038285 0.00025535 |
. 1CfeCN 0.0080261 0 ~ 0.0091388 0.00040617 .
; R1 0.0540002 0.0005166 +  0.0867239 0.0784984+ |
| R2 0.0400005 0.00545127 | 0.30898536 0.27948425 |
. CWRL | 0.00514607 6.2921E-05 0.00561103 0.00361105
. _CWRZ2 . 0.00552037 0.000106<1 0.00602604 0.00602604 |
.’ P1 " 0.05200004 0.003683 15 052770709 0.25495658 |
| P2 0.03400003 0.01538107 0.77029723 069526755 .
—___CWPI 0.00502177 §.0435E 05 0.00548366 0.00548366 |
CWP2 0.0024055% | LS8112E-05_ . 0.00276301 0.0027630L |
CWZrl | 0.00899548 | 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 . 0.03400013 0.000761 0.05495182 003143864 |
| AR " 0.03400009 0 051415704 0.00570478
B | 0.03400007 0 0.02647576 0.0264757
; BL " 0.05599989 0 0 0
SRR 0.13599952 0.40991625 0.20607956 0.13630405
___CSR 0.06908916 0 0.05979051 0.03331983
P3 0.03399987 0.04827926 282115745 2.36468857
CWZr2 0.00493661 5 9152E-03 0.00585121 0.00209583
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Table B-+. Comparison of Hanford Defined Waste Compositions for Sludges.

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

HOW: Sr-90 (CifL) Sr-30 (CilL) | Cs-137(CilL) | Cs-337(CilL)
Mw1 0.001992053 | 1.028316034 | 0.002253538 | 0.006751056
Mwz 0.002475557 | 0.070055681 | 0.002818754 | 0.01128852
1C1 0.007608907 | 0.072926491 | Q.00857771 0.01609945
1C2 0.013621007 | 0.122166187 | 0.015309342 | 9.028120897
2C1 0.3J01074611 | 0.019818818 | 0.001211426 | 0.003367541
2C2 0.00125625 | 0.038321935 | 0.00143042 | 0.005736975
224 0.000171989 | 0.0028883%4 | 0.000195102 | 0.000741042
UR/TBP 0.005160514 | 0.392957536 | 0.010351777 | 0.050786462
PFaCN1 0.297428251 § 0.30336246 | 0.334319039 | 0.337687761
PFeCN2 0.343866517 | 0.350762845 | 0.386496936 | 0.390410786
TFeCN 0.785911122 | 0.801743645 | 0.383303228 | 2.362291024
1CFeCN 0.211222261 | 0.37C406855 | 0.240504853 | 0.413701951
R1 1 0.928374305 | 1517748449 { 0.056017149 | 0.231863351
R2 12.47780871 | 13.35181676 | 0.262311424 | 1.785300539
CWR1 0.002047534 | 0.037028101 | 0.002350253 | 0.002350253
CHWVR2 0.004053825 | 0.173636753 | 0.004597171 | 3.004597171
P1 11.28567524 | 1251849045 | 0.275726876 | 1.732533845
22 16.1887395 | 16.59681174 | 0.622143791 | 2.320235292
CwP1 0.002519928 | 0.036118305 | 0.002905122 | 0.002905122
CANP2 0.0018355659 | 0.08077051 | 0.002112278 | 12.002112218
CcwZr 0.007710032 | 0.082835333 | 1.0094393634 | 0.037811491
HS 8.129744508 | 0.116324881 | 0.200126445 | 3.000739476
TH1 0.007183655 | 0.129487931 | 0.0065090S5 | 1.0180S0841
TH2 0.101348511 | 0.641137742 { 0.032656834 | 0.089390534
AR 12.39772403 | 13.35077907 | 0.2609067Q3 | 3.374539481

3 8.310369777 | 15.07538327 | 0.02238875 | 0.02238875

8L 7.434210599 | 13.17387272 0 2

SRR 9.573547395 | 0.351415382 | 0.17668919 | 0.365464624
CSR 0.044469793 | 1.143385798 | 0.025811354 | 0.021120337
P3 50.54933653 | 50.19747783 | 2.950553286 | 3.270208263
cwZr2 0.004214655 | 0.045618845 | 0.00497535 | 0.019937742
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B2.2 SOLUBILITY FACTOR EFFECT ON SR-90

The “Sc predictions provided by the modified modelis are shown in Figure B-1. with the
anks arranged in order of increasing model/sample rato. Fraction precipuated adjusments
increased the “Sr prediction for low-inventory tanks and reduced the prediction for most nigh
inventory tanks (tanks containing more than 100,000 curies of *Sr).

The log ratio measure was used to compare the Sr performance (o analytical data for the
modified models. Figure B-1 presents the resuits for HDW Rev. 4. Case 2. and Case 3
models. The Case | results are essenually identcal 1o Case 5 and were not ploted to improve
clarity. One ‘goal is to have all predictions within a factor of 10 of the analyucal dara: points
with a performance indicator berwesn -1 and +1 mest this criterion. Tae lert side of the
grapn shows that nearty ail anks with very low HDW Rev. 4 (0 sample data ratios now have
predictions within the criteron. For very lugh HDW modet to analyucal catios. only one ank
exceeds the criterion. The mean *Sr log ratio measure is biased 20 percant high and the RMS
vajue is 0.66. representing a noise level of 4.5 umes the sample.

Figure B-1. Comparison of Mode!/Sample Ratio as a Function of S¢-90 Solubility.

~N

(MudueliSample)

_Parlormanca ndicator = LOG

———Case 3

Tank Index by Increasing Performance indicator
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Table B-5 compares HWD Rev. 4 and Case 3 by categorizing the **Sr predictions by
proximity (o sample vaiues. The categories are mode!-to-sample ratio range berwesn
0.5and 2. 0.25 and 4. 1/8 and 8. and 0.1 and 10. ™ :e results are expressed as {ractions or the
¥Sr inventory in the sampled tank (all sampied tanks) and percent of sampled tanks. Case 3
increases from 75 to 34 percent the traction 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 to 10 range from 15 percent to {2 percent. These comparisons show an overall
50 percent unprovement in Sr-90 inventory predictions compared o the 2xisting HDW model.

Table B-5. Compz. .on of ™Sr Performance for HDW Rev. ¢ and Case 3.

| HDW Rev. + ! Case 3
Mode! t0 sample ratio ranges i Fracuon of ercent of | Frac:ign of | Percent of
. sampled tank | sampled tanks | sampled tank | sampled tanks
~I) inventory inventory (Ci) |

IModel 1/2 w0 2 times sampie |  0.629 | 133 | 0636 ! 15.0
'Model 1/4 © 4 rimes sample | 0.749 | 50.0 .! 0.342 ' 70.0
IMode: 1/3 0 3 timessample | 0918 | 717 ! 09035 |  35.0
Modet 1710 t0 10 times L0920 l 750 | 0916 | 383
isample i i
IBeyond (outlier) 0080 | 250 i 0. i 1L7

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/sampie ratio. Fraction precipitated solids adjusanents
increase the *'Cs prediction for low-inventory wnks and lett the predictions unchanged for
tanks with inventories of over 200.000 Ci of '”’Cs. In general. the Case | solubility
parameters resulted in the greatest increase in predicted *’Cs inventories. Case 2 and Case 5
produced essentially the same results.

The log ratio measure was used to compare the ‘”’Cs performance to analyticai data for
the modified modeis. Figure B-2 presents the results for HDW Rev. 4, Case 1. Case 2. and
Case 3. One goal is to have ail predictions within a factor of 10 of the anaiytical data: points
with a performance indicator between -1 and +1 meet this criterion. For all modified modeis
the tanks with very low HDW Rev. 4 (0 sampie rauos v have all but one or two data por~
within the factor of !0 criterion. Unfortunately. four <. wera push:  over the criterion u.
the high prediction end (see right side of Figure B-21. tiin index 34 anu higher). The mean
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“Cs log ratio measure is biased 26 percent high and the RMS value is 0.72. representing a
noise level of five umes the sample.

Figure B-2. Comparison of Mode!/Sample Ratio as a Function of
57Cs Solubiiity.

Perlonnance Indicator 2 LOG (Model/Sample)

-3

Tank index by Increasing Performance indicator
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Table B-6 compares HDW . Rev. 4. and Case 3 by zategorizing the ‘’Cs predictions by
proximity 0 sampie vajues. The categories are the same as used {or 0S¢, The cesuits are
essentially the same for HDW. Rev. 4. and Case 5 with 98 percent of the sampied tank
inventory having predicuions within a factor of four of the sample. Also. 87 percent of the
anks sampled have predictions within a factor of 3 of the sample estimate. Only ! percent of
the sampied tank nventory had predictions outside the 1/8 to 8 model-to-sample ratio range.

The above mrormation indicates that. unlike the predictions for *Sr. litle 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.

! i HDW Rev. 4 | Case 3
Model to sample cato range | Fracuon of Percentof | Fraction of Percent of

sampled tank | sampied anks| sampled tank |sampied tanks
i Cl inventorv Ci inventory

Modei 1/2 TO 2 umes 0.761 535 | 0.763 58.3

sampie .

Modei L/4 TO 4 umes 0.982 76.7 0.975 76.7

sample ‘

Model 1/8 TO 8 umes 0.99 86.7 0.99 36.7

sample 3

Modet /10 TO 10 times 0.99 3835 | 0.99 86.7

sample ,

Bevond (outlier) | 0010 | 117 i 0015 1 133

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 1/10 th the sample value are designarted as outliers. These tanks are listed in Table B-7.
For ¥Sr. 16 tanks were identified as outliers: i2 of the outliers are SSTs. For '"Cs. 2ight
anks were found to be outliers: seven of the outliers are SSTs. Of the 12°Sr SST outlier
tanks. 5 contain bismuth phosphate process waste and 5 contain cladding waste. Of the seven
"Cs SST outlier ranks. one contains bismuth phosphate process waste and thres contain

cladding waste.
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Table B-7. HDW Rev. + Oudier Tanks.

HDW. Rev. 4. “S¢ | HDW. Rev. 4. “"Cs
outlier tank ! HDW group outlier rank HDW group

|TY-i06 ‘DE iC-105 ICW
iC-103 CW ' T-102 iCW
IT-102 iCW ITY-106 {DE
IC-L 1! IMX iC-102 ICW
[U-110 i1C AW-103 CW
IC-102 . ICW TY-102 MX
iBX-109 UM T-i04 1C
iTY-105 iUR TY-101 ‘CN
|B-202 224 :
IT-107 (1c
|B-201 222
IBX-1035 MW
IAW-101 CW
[AN-103 SA
IAP-102 IMX
PAN-103 iSA

CN - Ferrocyamde 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 types

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

Table B-8 provides a list of outlier tanks identified by Case 5. Case 5 reduces the
number of ®Sr oudier tanks from 16 t08. 3 of which are SSTs. This also model reduces the
number of '“’Cs outlier tanks. all SSTs. to nine. Of the five ®Sr SST outliers. four contain
bismuth phosphate process waste. Of the nine '”"Cs SST outlier wnks. three contain bismuth

phosphate process waste and two contain cladding waste.

po—
L
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Table B-8. Case 3 Quutier Tanks.

~ 137~ :
! Case 3 ¥Sr outlier tank ’HDW Zroups Case 5 nax?l: outlier HDW groups
. .
|IC-111 IMX T-102 ‘CW
{C-107 11C .C-105 ICW
[AN-105 iSA iC-1053 MX
IC-110 i1C 1C-106 iMX
iBX-i12 incC TY-102 , iMX
|IAP-102 IMX T-111 2C
T-102 [1C 1B-202 224
|AN-103 ISA T- 1 - iC
| TY-101 CN

Potential Improvements. By reducing the number of *Sr outlier w@anks. the Case 3 set of
estumates cepresents a significant improvement o the modef. The ®Sr cladding waste tank
outliers were zliminared and the '"'Cs cladding waste outliers were reduced 50 percent.

U ‘tortunately. the improvement for the bismuth pnosphate process waste is not 1§
encouraging. The numbers of bismuth phosphate outlier tanks was reduced from fve o four
for *Sc. while the number of bismuth phosphate outlier ranks increased rom one (0 three for
Y7Cs. The opportunity for the largest further redt:  Hn in outlier anks is with enhancements
to the bismuth phosphnate process mode!. These resuits mignt be improved bv modifving the
{raction precipitated stimates and waste stream split fractions (radionuclide partition fracuons)
for bismuth phosphate wastes.

B4.0 SOLUBILITY ADJUS™ V(ENT CONCLUSIONS

Improvements in model predictions are mosr oronounced for insoiuble radionuclides.
For ®Sc. the prediction bias was improved from - : 33 percent low to 20 perceat high. The
noise level was reduced from ~ 37 to 0.66. whicr  _1slates to a 30 perceat reduction in
scarter. The aumber of tanks with ®Sr predicrions outside the 0.1-to-10-times-sample range
was reduced from 16 to 8. Eighty-four percent of the sampied St inventory is predicred
within a factor of four of the sample: and 90 percent is prediczed within a facror of eight of the
sample.

Lirle impact is seen in the modet predictions for highly soluble radionuctides. For
"Cs. the prediction bias changed from bdeing 20 percemt low to 26 percent high. The noise
measure was 2ssentially unchanged. The numboer of outlier tanks increased bv one. For 'Cs.

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

Prediction biases shifting from low to high indicate that an over-correction has occurred
and further improvements are possible with petter choices of fraction precipitated solids vaiues.
A reasonabie goal might be to further adjust the fraction precipiared solids 2stimates (0 reduce
the number of *Sr or *’Cs outliers.

B5.0 SEPARATIONS PLANTS PARTITION FACTORS

Because a large iraction of the outlier anks contained bismuth phospnate process waste.
an erfort was made to improve predictions oy adjusung e model’s waste suream radionuclide
“splits” {or the Sismuth phosphate procsss. These splits are called ~radionuclide partition
fractions” in the HDW modei. The original and modified values are snown in Tabie B-9. The
results {rom this 2ffort are summarized in Figure B-3. The tanks that are mostly affected by
the revised spiit factors are the tanks with a significant inventory of °Sr. Two tanks with
notabie mprovements are 24(-BX-112 and 241-T-104. both with 1C1/1C2 waste. The high
*Sr inventory in tank. 241-B-201. suggests that the spiit for cype 224 waste may be set {00
high.

Significantly, the mean prediction is now biased just 5 percent low (compared
20 percenr nigh with Case 3). Clearly. certain improvements can be made with beter
modeling of the radionuclide split {actors.
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Figure B-3. ™Sc Predictions Based on Modified Bismuth Phosphate.
Process Wasie Splits.

_ . . AN-103!
Sr-30 Performance Case 3 and Split 2 AP-:Q2 ¢

Ration{ModelSaimmple
o

< a
-' U-11 $ 102 —<— Soit 2 5¢-30 Performance
2 '/, C-:o.s . _ v ) --I_—Ca_se 3 3¢-30 Performance
!‘c-:m

Tank oy Ascenging Case 3 Performance
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APPENDIX C

UNCERTAINTY FROM WASTE COMPOSITION AVERAGING VIETHOD

One source of uncertainty in tank-by-tank inventory predictions is assoctated with
the method used in the Hanrord Defined Waste (HDW) model (Agnew et al. 1997) 0
generate its derined waste composiuons. [n :his method. the detaiied historical fuel
batch acuviry tile (giving curtes in baiches O fuel for periods of one month Or less) is
summed over ume spans of many vears and divided by the corresponding voiume of
wasie generated over this ume span 0 calculate an ~“average defined waste
concentranion. ™ The use of this average concenrracion in calculaung the curies added o
individual ranks ieads 0 modeling 2rrors. wiich are the result of two erfects:

l. Over a period of several vears {uel 2xposures were increased significantly
(specific tuel acuvity in curies per MTU increased). and

2. Over the same operating period seoaration plant {lowshests were mmproved
to significandy reduce the volumes of waste generated per MTU (liters per
MTU decreased).

The combinauon of these two etffects means that acrual wasie composition values
(Cutiter) have changed significantly over a period Of vears. The 2ITOT OCCUrS Decause
the HDW mode! assumes a constant average waste (ype composition {or the period.
Tanks rilled eariy in the period nave the:r curie additions overssumated. wiile anks
filled {ate in the period are underestunated.

The objective of this section is 0 evaluate the degree of error preseat in the
current HDW model due 10 these affects.

C1.0 EVALUATION METHOD

To evaluate the 2rrors caused by the HDW model’'s method of “waste
concentration averaging.” this study {irst prepared 2 spreadsheet lisiing piant discharge
volumes by quarter. These dara were =xwracted {rom the Waste Status and Transacion
Record Summary (WSTRS) database (part of the HDW model).

Second. using this starter shest. Fluor Danie! Northwest (FDNW) personnel
derived fuei activity daa for the 46 kev radionuclides and consolidated these curie
values into quartertv and annual sub-totals. marching the time geriods given by the
WSTRS tiie.

Q
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The combined spreadshest then calculated guarterly and annual radionuclide
concentrations (Ci/l) in discharged waste by dividing the DKPRO curie sub-totals by
the WSTRS volumes. These quarterty and annual concentratons are reported in
Woortan (1998), and illustrate the tme variability ot actual waste concentrafions in
comparison to the HDW modet's constant average concentration. This analysis then
calculated ratios of high and low quarterty concentration vafues to the HDW modef’s
assumed average concenwanion. These high. low ratios serve as an indication of the
magnitude of 2rrors present n the HDW modei’s estimate of curie inventory for
various waste rypes and parucularty for those tanks which were filled very early or very
late in the ~average waste™ ume period. Note. that this analysis has besn developed 1o
the point of brackering the generic error for cthe most highly ume pertods (vear or
quarter). but not © the point of idenrfying specific fanks filled duning those periods.

2.0 RESULTS OF “AVERAGING” ERROR EVALUATION

Concenmrauon rauo values (the ratio of gue waste stream concentrauon o the
HDW mode!’s “average” concsnrraton) are summarized in Taple C-1. The :able lists
resuits {or thres cvpical waste rypes - First Cvcle Bismuth Phosphate process waste
generared 1930 to 1936 (1C2). REDOX high-levei waste generated 1952 o 1957 (R1).
and PUREX high-ieve{ waste zenerated 1965 0 1967 (P2). For 2ach waste type. two
concenmrauon ratio vaiues are given—ihe Quarterly Low ratio (QL) and the Quarterly
High ratio (QH). The table shows these ratio results {or a selecred listing ot
radionuclides—typically short half-lived fission products and acuvation products (these
surfer from greater 2rror), selected acumdes. and ~all other” longer-lived fission
products (these have nearly constant low or high ratios).
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Table C-1. Summary of ~Waste Concentration Averaging”~ Error
(Ratio: (True Concentration) / « Average Concentration)|

! g 1c2 3 REDOX. (R1) | PUREX (P2)
’ i 1950 - 1956 i 1952 - 1957 ; 1963 - 1967 i
' QL i QH QL ' QH ' QL i QH ;
i ¥Co 045 . 39 ¢+ 053 . 32 . 04T o 20
| “®Ru - 0.19 3.3 1 002 3.3 009 37 |
{ =Sb 038 6.5 0.19 1] 0.1+ 235 |
| *Cs 03 2.2 0.07 L7 0.15 5.7
| Eu 042 6.7 0.29 35 0.18 SN
i Other {035 | 553 4 045 ¢ L4 b 0.6 2.0
| EPs. APs | | | : ;
¥ 035 + 9.4 045 ¢ 16 0.16 17
i 2'Np . 0.36 43 0.42 22 0.13 S
! =Pu C0.37 5.8 2.6 23 0.33 2.3
['am . 0.76 22 1 005 16 0.10 5.7
| 0.&4 20 . 0.01 3.7 0.02 16 '

*Cm :
' AP = Acuvauon produc:s

FP = Fission products

PUREX = Plutomium-Uramium Extracuon
QH =Quarterly High ratio

QL = Quarterty Low rauo

REDOX = Reducuon-oxidation.

As seen from Table C-1 most longer lived radionuclide inventories estumated by
the HDW model 0 be in Bismuth Phosphate waste recsiver ianks could be
overpredicted by a factor of 1.9 (1/0.35 = [.9) orunderpredicted by as much as 2
factor of 3. depending on when during the period 1950 to 1956 the wank was filed.
Because of its reiatvely short half-life. the arror range for ‘®Ru is 2ven larger.

Modei esumates for tanks filled with REDOX waste generated from 1952 to0
1957 could be overpredicring the longer half-lived radionuclides by a factor of 2.2
(1/0.45 = 2.2) or underpredicting them by a factor of 2.4. (**'Am and ““Cm are
exceptions in REDOX waste tanks where the nventories could be overpredicted by
factors of 20 or greater and underpredicted by factors of up © 4.6. depending on wien
the tank was rilled.

Tanks receiving P2 waste during the period 1963 w0 1967 couid be overpredicted
by factors of 6 and underpredicted by factors or 2. depending on when the tanks were
filled. The ““*Cm in these same tanks could be overpredicted by up to a actor of 30!
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The uncertaincy ranges listed in Table C-1 are presented as an example of the
degres of uncertainty present in modet predictons for all waste rypes. For any single
waste rype some tanks will receive waste that is predicted erroneousty [ow: some tanks
will receive waste that is predicted erroneously nigh: while some tanks wiil surely
receive waste where the “average” concentration is representative of the true
concentration. '

These unceraintes celated 0 the HDW model’s waste concentration averaging
method may represent the potenual limits of mode! improvement sincz 0 modiry the
mode! 0 use a more detailed set of defined waste compositions (€.3.. 1 separate
composiuon 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 model {imitations regarding radionuctides which are
daughters of parent auclides such as U. Pu and Np that are significandy separated
during fue! reprocsssing. The uranium. piutonium. and aepruruum decay daughters.
=SRa. “Ac. =*Ra. “*Th. “'Pa. and *Th. are overpredicted by as much as a factor of
30 in the HDW model. This s a direct result of the HDW model pzriorming the
processing separations arter the decay to 1/1/1994, rather than berore at the time of {fu-’
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. resuiting in a2 Z°U prediczion low by 2
factor of 34. Likewise, a low prediction results for “*Pu. axcept © 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 mode!. This appears © be caused bv the HDW model applying the **' Am build-
in correction factor to both **'Am and “Am.

These erTors are a result of a mode! simplifying compromise that was designed
into the interface berween the DKPRO code and the HDW model when radionuclide
capability was being buiit into the model 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 to
avoid raving :0 build decay functions for ail radionuclides in the HDW modet. [t was
recognized that daughters of extracted pareat auclides most imp: .:antly “*' Am the
daughter of **'Pu) would be musrepresented unless a backdecay correction was built
nto the HDW mode!. 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 «© < rect the 1/1/94 decay calculations
for =*Ra. ¥ Ac. **Ra. *Th. >'Pa. and “*Th was thoughrt unnecsssary. This is because
the need for inveartory dara on these partcuiar auclides 1s in the 10.000 vear furure: and

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

The most important result coming from this simplified decay method s the error
for FU. 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 Derined 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 Forwran code). This (e defines che curies of 46 ey
radionuclide in each of 1276 baiches of Hanrord reacror tuel. processed through the
various separations plants from (944 through 1989. The DKPRO caiculation’s are
based on a set of ORIGENZ code (Winekind 1989) runs which predict discharged :uei
actviry for a series of {ixed fuel exposure levels and tuel types. The result is expressed
in curies per metric ton uranium (CuyMTU). The opjective ot this section (S t0
determine the accuracy of these fuel activity vaiues as a source term {or waste inventory
modeling, and to determine the uncertainry 2rfect on waste inveniory 2stimates.

D1.0 SOURCE TERM UNCERTAINTY EFFECTS

The uncertaincy in the ORIGEN?2 code prediction of Hanrord fuel activities was
studied recendy by Woortan (1998). Since code predictions could not be compared
anajyzed tuel samples or waste sampies (due w© the lack ot analyucal dara for all 46
radionuclides). the approach taken was to adjust input parameters for the ORIGEN2
code over a range typical of parameter uncertainty. Two cases were typically run. The
first case used ~reference” parameter values which were the basis {or the HDW model.
Rev 4 ourput. The second case used “updated”™ parameter values which represent
newer dara for nuclide properties or a more sxacting analysis of average cross-section
sets for Hanrord reactors. The following parameter types were updated:

e Neumron caprure cross sections for actinides and selected activation products

¢ Definiton of fuel and ¢ladding impurity values ( 1.e.. the “target™ concsntraton
for activation product aeneranon)

¢ Fission product half-life values

» Fission product vield values.
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Each parameter tvpe was adjusted individually to determine the magnitude of
it’s erfect on global inventories or on inventories related to smaller batches of fuel.
These atfects are discussed below.

D1.1 EFFECT OF NEUTRON CAPTURE CROSS SECTION UNCERTAINTIES

To assess the erfects of uncertainties in cross section data sets. the MCNP' code
was used (0 derive Cross secton vajues representative of single pass reactor fuel
elements. and these results were compared 0 reference ORIGEN?Z calculations. The
same single pass reactor tue! MCNP mode! was also used t0 evaluate the adequacy of
the ORIGEN? library cross sections for selected activation products. A revised total
radionuciide inventory was recalculated using the new singie pass reactor cross
sections. Table D-1 shows the rauo of the revised towal radionuclide inventory o the
reference czlnculated inventory.

These results show chat the amount of change in radionuclide inventory varies
slightly with the processing piant due to the amount of single pass reactor fuel
procsssed in each piant. The amount of “C. ®Ni. and ®Ni increases dv up t©
50 percent due (o the aigher capture cross sections. The amount of ‘“™Cd and '*Eu
decreases by about |3 percent due to smaller capture cross sections. Smaller
differences in other fission products are likeiv due to changes in the relative proportion
of fission’s from 2*U. 7*U. ind “*Pu. with corresponding changes in the fission
product yields {or sensitive isotopes. For the actinides. the main changes are an
increase in the inventories of ““Pu. “*'Pu. “**Pu. and **'Am due o higher neutron
capture Cross sections.

The accuracy of zither Of these two code runs to model the production of Pu and
i’s “*®Pu isotopic assay was tested by comparing results © plutonium conversion
equanions for both nacural and =nriched single pass reactor fuel for different reactors
(Roblyer 1994). The oiutomium production from the conversion 2guauons reveals a
10 percent range of values among the different fuel and reactor cypes. A similar range
of 10 percent or less is found for the “**Pu content. Both the reference single pass
reactor (SPR) ORIGEN?2 cross sections and the MCNP based SPR cross sectons
predict the ptutonium producrion 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 equation values.

* MCNP = Monte Cario N-Parucis transport code.

D—
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Table D-1. Radionuclide [nventorv Comparison For Single Pass
Reacror Cross Section Changes.

Radioisoxone; Ratio = [nventorv_with N[9d§ﬁed sinzle Pass Reacrtor CrossASc:c.nons

! [nventory with Original Single Pass Reactor Cross Sectons
| TPam | BPam | REDOX | PUREX | Total
H3 ¢ 0980 | 098 | 098 | 0992 | 0.991
Cld i 1634 | 1.635¢ + (381 ¢ L7 | 1,500
Co60 ¢ 1198 | L.197 | 1.6 ' 1.052 1.058
NISS 0 1269 1269 | 1255 0 1238 | [.222
NT63 | 1.448 L8 1 L2270 L401 1.+08
SET9 ' 0980 | 0980 | 098 : 098 | 0.983
SROO | 0998 | 0998 | 099 : 0992 | 0.992
Y90 ¢ 0998 | 0998 i 0993 : 0992 ! 0.993
ZR93 - 0997 | 0998 | 0995 i 0995 0.9935
NBO3* ¢ 0998 I 0998 i 0995 | 0.995 | 0.993
TC% - 1001 ! poot ¢ 1002 ¢ 1002 1.002
RC1I06 ¢ 1004 | 1059 i 126t ¢ 1.000 1.000
CDLI5~ ¢+ 0321 + 03821 : 0326 i 0377 | 0.371
SN126 ¢ 0389% | 038% | 0317 ;i 095 ! 0.923
| SB125 ¢ 0.3 | 0857 | 0392 ! 090 | 0.989
(120 ¢ 0985 | 098 i 099% i 0998 | 0.997
CSi3¢ : 0796 | 0789 | 0325 ! 0997 ! 0.997
Ccs157 i 1000 | to0or | 1002 | 1002 | 1.002
BAl37 © 1002 | 1002 | 100¢ ! 1.005 i 1.00<
SM1I5L + 1.024 | 1024 | 1059 ! 1062 | 1.060
EUI52 | 0.324 0826 | 0366 | 0515 | 0.907
EU154 !  0.779 0779 | 0814 | 08% | 0.388
EUIS5 | 1.077 | 108 | 1164 | 1.086 ! 1.091
RA226 ¢ 1.002 ! 1.002 i 1.005 | 1005 | 1.003
RA228 ¢ 1.330  § 1331 123 0 1000 1.000
| AC227 ¢ 0997 | 0997 i 0996 i 1.000 ! 1.000
| TH229 * 0792 | 0792 | 0798 i 1.000 | 1.000
| TE232 ¢ 1330 0 1330 7 1120 F 0 1000 | 1.000
U332 : 0761 1 0761 ¢ 0748 1 1000 1.000
| U233 0789 1 0789 | 0798 { 1000 1.000
I U3¢ - 1002 0 1002 f 1.00e P 1.004 1,003
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Tabie D-1. Radionuclide Inventorv Comparison For Single Pass
Reacror Cross Secuon Changes.

o ? ‘ [nventorv with Modified Singie Pass Reactor Cross Secuons
RalelSOlOPL“; Rado = [nventory with Original Singie Pass Reactor Cross Sections
| U235 ! 0998 | 0998 | 099 | 09956 | 0.997

36 | 1350 0 1330 ) iz | Lisé 1,147

U238 | 0999 i 1000 | (o000 | (000 | 1.000

NP237 | 0.78 I 0.78 ¢ 0300 i 0.343 ! 0.¢73
PU238 | 0912 } 0512 | 092 ! 059 0.943
PU239 | 1022 | 1022 ¢ 0992 i 0985 | 0.988
PU240 | 1494 | 1495 1 (224 | 1346 LTt
PU241 | 1287 | 1.28 1207 | 1121 L)
PU242 | (7aa | 1752 ¢ L4l 1248 1.267
| AM24l | 1287 {128 ¢ i1 ! L1T0 | L.179
AMZ43 T L34t 13a7 b 1052 1.065 1.071
C™Mcaz | o199 | 1027 b 1009 1002 1.002
Cyv243 | 1152 0 L3y 0 1ol b 1005 {.003
| Cves | 1328 1332 1 1.020 | i.007 1.008

“Merastabie isotope

D1.2 EFFECT OF FUEL AND CLADDING IMPURITY UNCERTAINTIES

The rerferenc2 ORIGEN? runs (the basis of HDW. Rev. 4 inventories) for singie
pass reactors and N-reactor used fixed sertings for fuel and cladding umpurity leveis. In
actualiry. however. concearrations of aickel. nitrogen and ~*U in the tuel varied
significanty from the 1940°s to the 1980’s. The bias in cermain radionuclides
mroduced by the simpiified reference ORIGENTZ setup method has besn determined by

generating additionai

ZEN2 fue! acuviry files with modified fuel composiuons,

rerlecting ume-dependent umpurity levels (Wootan 1998).

Table D-2 shows the ratio of the radionuclide curie inventories in the revised
analysis to the inventcries in the referenca DKPRO calculations (Watrous and Wootan
1997) for the principal radionuclides arfected by impunity concentration changes. The
net 2ffect or the ume Jdependant aickel impurity concentration change is a reducton in

the **Ni and ¥Ni i
wncrease in the inver

ries in the fuel processed through B. T. and REDOQX. but 1n
«s in the fuel procsssed :hrough PUREX. Converseiv. the net

arfect of the time dependent nitrogen umpuricy is an increase in the inventory of “C in
fue! procassed through B and T plants. but a recuction in fuel procsssed through
REDOX and PUREX. The ume dependant ~°C conceatration results in a reduction in

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

Table D-2. Principal Changes in Radionuclide Inventories - Ratio of Curie Inventory
Using Time Dependent Impurities 0 Previous [nventorv

Nucide | TPlam  |B-Plaw | REDOX | PUREX  |Tow |
“C | 1.283 | 1234 | 0.301 | 0145 | 0.534 |
“Co 5178 | 3,163 | 5.064 | 2.566 | 2.593
i | 0245 | 0.243 | 0.719 | 1.0a8 | 0.954
N | 0.229 | 0.249 | 0.734 | 1051 | 0.964
TN | 1.000 | 1.000 10.729 ' 0.905 | 0.372

D1.3 EFFECT OF FISSION PRODUCT HALF-LIFE UNCERTAINTIES

A previous study (Wootan 1998) investgated the erfects of using updated values
of selecred nalf {ives on the inventory of key radionuclides. The half lives of the
radioisotopes “Se. ™Nb. and “*Sn in the ORIGEN? and DKPRO decay libraries were
modified o reflect recanc svaluations. New measurements in China of the " Se half-
life indicate a much longer halt-life (4.8 E35 vears and 11.3 E5 vears. in separate
measurements) than previously used (0.63 £5 vears). The new nalf-lire value used was
taken as the average of these two measurements. with an assigned uncertaincty ot
40 percent that bounds the two values. A anew Chinese measurement of the “**Sn half-
life increases that value from 100.000 years to 250.000 vears. with an uncartaincy of
9.4 percant.

As shown in Table D-3. the net 2tfect of the half-life changes is a reduction by a
factor of 0.40 in the curie inventory of ‘**Sn. a reduction by a factor of 0.08 in the
inventory of “Se. and a reduction by a factor ¢f 0.93 in the inventory of **™Nb. The
actual amount of **Sn and "Se in erms of grams of materiai hardly changes. but the
number of curies represeated bv these amounts changes by the inverse ratio of the new
to old half-lives. The uncsrainties wn the half lives translates directy into uncertaintes
in Curie invenrories for these radioisotopes. The half life uncertainties for the other
radioisotopes are 3 percent or less.
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D1.4 EFFECT OF FISSION PRODUCT YIELD UNCERTAINTIES

Cumularive {ission product vields from 2*U fission (ORIGEN? dara library - no
uncertainty information given) have peen compared with reference values from England
(1994) and their stated uncertainties. This comparison shows that the ORIGEN2
prediction of “Se. *“™Cd. *“Sb. “**Sn. 1. and “**Eu producuon is 10 © 30 percent
nigh. Predicted yields for the other fission products agres 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 Dias factors 2xpress die rauo of the
giobal curte inventory as calculated 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 nvenrory for “C is 30 percent of the
value predicted by the HDW model (Rev. 4) - the result of 2 50 percent increase due o
adjusted cross sections coupied with a decrease (byv a faczor or 0.33) due to an adjusted
rarget umpuriry (Nitrogen) concentration in the fuel. Foownote svmbols in the ~Other
Factor™ column indicate that there are additional sources of uncertaincy :n the giobai
(nvenrory.
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Tabie D-5. Bias in Glopal Inventory Values Due to Updated ORIGEN? Parameters.

Radio-

[nventorv with Modified ORIGEN? Parameters

isotope Rato = [nventory with Original ORIGEN?2 Parameters Other Factors
Cross Fuel Half-life buas |  Fission yield bas Notes | Composit
section bias | impuricy ’ bias
ias |
| H3 ! 0991 | | t | @ | 0.99
| Cle | 13500 | 033 | ! L {030
| Co60 | 1058 1 26 | | B . 275
N9 12a7 - 095 | ! g i L.18
| Nies | 108 | 096 | ! | S
* Se79 | 0.983 . , 005 =0T | 0.85 i 0.042 -
| ! . ! I 0.092
| S0 ¢ 0992 | l ; (<) | 0.99
I Y90 0993 - f 1 P (s 1 0.99
72593 0.995 | | ; I 1.00
| NB93* I 0.995 | - 095 | . 1.00
| Te99 | 1002 | | . @ 1.00
| Rul06 i 1.000 | i ! | 1.00
| Cd1i3*]  0.871 | | ; 0.76 g I 0.66
| SN126 | 0.925 | | 0.36 0.+ | 0.78 2 10.26 - 0.
| SB125 | 0989 | ! : 0.86 | i 0853
| 1129 | 0997 | 4 : 0.76 | @ | 0.76
| CS154 [ 0997 ! i ! | | L.00
| CS137 | 1.002 | i 5 , o | 100
BAL37=! 1.004 | | | | ® | 100
SMIS1 |  1.060 | i | | | 1.06
| EU1s2 | 0907 | ] ! g i 0.1
EUl5¢ | 0888 ! | ! . 0.39
EULS5 i 1.091 | i ! 0.89 | i 0.97
RAZ6 | 1005 | | i@ | 100
| RA228 | 1000 | ! i [ 1.00
| AC227 1 1.000 | ! ; T | 1.00
, TH229 i 1.000 i gy 1 100
| TH232 | 1.000 | ; x) + L.00

D-9
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Tabie D-3. Bias in Global [aventory Values Due 0 Updated ORIGEN? Parameters.
| o
io- . Inventorv with Modified ORIGENZ Parameters
il:g?ol;e Rado = lnventory with Ogginal ORIGEN?2 Parameters l Other Factors
- «

U232 1 1.000 | ! | D 100
253 | 1.000 | i t i (M 100

| U234 | 1003 | l i | 100
Uuss ! 0997 | | | M | 100
U236 | L.147 | i Mol LS
U238 | 1.000 | | P v 100
NP257 i 0833 | 0387 | | ] w2
PU238 | 0945 | | ; EORERES
PU239 i 0.988 | | i m ] 099
PL2240 i  1.361 | ! ! oM 7 136
PU22L | 1129 ! | ! OIS
PU242 | 1.267 | | ' O
AM24L !t L1T9 § ; | . 118
AM243 0 L7 | : r1.07
CM242 ! 1.002 ! ; i i 1.00
CM243 ¢ 1.005 | | | C L0l
Cv244 | 1.008 | i 1 , | 1.0l

(3)The HDW mode! issumes (00% of triuum i ruej ;s routed (0 @nK waste. Due (0 i0sses (0 aunospnere ana
condensate. acual ank 'nventones are signiricancly less.

1bAdditonal uncertainty may exist, 1ssociated wich gsses of C-14 o atmospneric zmissions. The HDW model
assumes 100% s routed ©© ank waste.

ic)The HDW jlobal inventory for Sr-30 may be dased low Hv i< percent Jue <o internai assumptions acsounting for t
quancty of Sc-30 separated in B-Plant ind routed (o capsuies. otfsie. lan .esnuuals and solid wastes.

(d)The HDW 3iooal inventory for ~Tc may be diased hugn by 100ut 32 percent due (o 1’ not accouncing for the
fraczionai separation of T¢ (10 the uranium product stream) m TBP, PUREX and REDOX processes.

{e1Additional uncertainty may exist. 1ssocrated with losses of 1 to atmospheric zmussions rom fuel dissolution
operanions. The HDW modet (Rev. 1) assumes (00% s routed o0 ank waste.

(PThe HDW 3lobal nventory ior Y'Cs may be brased slightly hugh (less than 2 percent) due o internal assumptions
aczounung for the quanaty of {37Cs separated in 8-Plant and routed (o capsules. offsite. ptant resigduais and soiid wastes.

ig)The HDW giobai inventory for =*Ra is based by factors of 0.03 - 1.0 due ‘0 decay zlcutation limications and
depending on waste tvpe.

{1 The HDW yiooal inventory for =*Ra is biased by ractors of 0.02 - 1.0 due © decav caicuianon {imitatons and
depending on 'waste (ype.

{{)The HDW gi=-1 inventorv for <"Ac is biased bv factors of 0.03 - 1.0 due to decay zaiculation limitations and
depending on waste Iy
{(jyThe HDV . .aveatory for = Th is Mased av factors of 0.12 - 1.0 due 0 decay calcuiauon limiacions and

dependinyg on waste ;' ..

k1The 4D ;iopal inventory for F*Th is Jased oy factors of 0.01 - 1.0 due (0 Jecay :icutation fimiations and
deoending on waste ¢ %,

The 4DW riodal :nvencory for actinides may de sigmricantly uncertain due (© the use of approximate facrors which
account for 2xtraction iosses of . Np and Pu amd 1ssumpuons retated o the arficiency of U recoverv :rom Meui Waste siudge:

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

The historical waste transtrer data file or Waste Starus Transacuon Record
Summary (WSTRS) in the HDW model (Agnew 2t al. 1997) consists of w@nk {ill
records with information extracted from Jungfleisa (1983) and Anderson (1990). and
checked bv Ogden Environmental and Los Alamos Narional Laboratory (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 tncomplete in that there are 3 aumper ot unrecorded iransactions that have

curred for many @anks. The waste transacrion report is a comparison of the tank
volume that is calculated based on the fill records with the measured volume for 2ach
tank. This comparison is made =ach quarter 0 record any unknown waste additions or
removals that may nave occurred during the quarter. Tae largest uncertainty (n chese
records concerns records associated with the 2vaporator campaigns. The volume
reducrions and conunuous wansfers of concentrates and condensates that occurred
during these campaigns are not very wetll represented in the wasie ransacton records.
Transacuons from the Logbook Dataset were added to the waste transaction records ©
resolve many unexplained level changes. This unknown transacton cesolution was only
completed for ail unknowns larger than 190 kL (30 kgal).

There were volume reductions among the S and SX Farm tanks in the 1950’5 and
early 1960°s. Taese losses have besn arributed (0 REDOX waste self concentrauon.
PUREX process wastes in che A and AX Farm were self concenrrating. but unlike the S
and SX tanks. it is assumed in the HDW Model that no sait cake was formed by this
concearraton process. Sluicing of A and AX Farms resulted in many unrecorded
ransactions . [nese fransactions were resolved in the HDW Model by creaung
transacuons berwesn tanks and the siuicing receivers in the A and AX Farms.

In this swudy. several examples were found where the HDW Model is not
consistent with the procass flow shests and sample data from 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 lictle
bismuth was added to these tanks. [n another example. the waste wransaction records
show thar tank 241-BY-110 received 1C waste directly from the BiPO4 process. First
cvcle (1C) waste contains a substantial amount of bismuth. but the multuple core
samples from tank 241-BY-110 indicate that there is very little bismuth n this ank.
The sample data suggests that tank 241-BY-110 must have besn the third ank in a three
tank cascade of 241-BY-107/241-BY-108/241-BY-110. [n this case. the waste
ransaction records are not consistent with the sample data and must be changed to
improve the reliabilicy of the HDW Modei.

D-11
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Site historical records were reviewed by Ogden Eavironmental (o conrirm the
reliabilicy of waste transters in the HDW Model. Ogden confirmed about 60 percenr of
the waste (ransters from the separation plants to the primary ceceiver tanks. and about
37 percent of the transters and receipts berween tanks. The remainming ransters were
created in the HDW Modet 1o march known or suspected transrers and waste inventory
or level measurements in the wanks. Whiie many of these ransfers may have occurred.
small 2rrors tn the ransaction records can lead (o substantial errors in esumating the
inventory of trace analytes such as Sr. These 2rrors are likely © have a substantiaily
larger affect on the accuracy and reliability of the mode! than one might assume based
on the statstical uncertaincy criteria in the model (935 percent conridence interval).
Based on our resuits to date. it xppears that the sampie data can be used together with
the HDW Model results 0 idenury and correct certain discrepancies in the waste
(ransaction records.



HNF-3175
Revision 0

D3.0 REFERENCES

Agnew. S. F.. J. Bover. R. A. Corbin. T. B. Duran. J. R. FizParick.
K. A. Jurgensen. T. P. Oruz. and B. L. Young. 1997. Hanford Tank Chemical
and Radionuctide Inventories: HDW Mode! Rev. 4. LA-UR-96-3860. Los
Alamos Natuonal Laboratory. Los Alamos. New Mexico.

Anderson. J. D.. 1990. 4 Historv of the 200 Area Farms. WHC-MR-0152.
Westinghouse Hanford Company. Richland. Washingron.

Jungﬂeisi:n. F. M.. 1983. Supplementarv [nformation for the Preliminarv Estimarion of
Waste Tank [nventores in Hanjord Tanks through [980. SD-WM-TI-058,
Rockwell Hanrord Operations. Richiand. Washtingron.

Robiyer. S. P.. 1994. Plutonium and Tritium Produced in the Hanford Site Production
Reacrors. WHC-SD-CP-RPT-014. Westinghouse Hanrford Company. Richland.
Washington.

Wartrous. R. A.. and D. W. Wootan. 1997. 4caivity of Fue! Baiches Processed Through
Hanjord Separarions Plants. [944 Tarough !989. ENF-SD-WM-TI-764,
Rev. 0.. Lockheed Martin Hanrord Corporatuon. Ricaland. Washington.

Winekind. W. D.. 1989. Software Certificarion Package ror the ORIGEN2 Computer
Code. WHC-SD-NR-SWD-006. Rev. 0. Westinghouse Hanrord Company.
Richland. Washingron.

Wootan. D. W ., 1998. Contriburions to Unczrrainry in Hanford Defined Waste Mode!
[nventories from Radionuclide Source Files. Lzmter Report FDNW-RJP-98-028.
R. J. Puigh w0 J. W. Cammann (September 1998). Fiuor Daniet Northwest. [nc.
Richland. Washingron.



AdiaTa @ -

Revision O

This page intenuonally left blank.



HNF-3275
Revision 0A

APPENDIX E

CHEMICAL ANALYTE PREDICTIONS

m



RiNE-22/0
Revision OA

This page imendonally left blank.



HINE-32/3
Revision QA

APPENDIX E

CHEMICAL ANALYTE PREDICTIONS

 The Hanford Defined Waste (HDW) model (Agnew et al. 1997) is currently
being used to distribute most of the radionuciides to Hanrord tank waste. While the
HDW model appears (0 generate representative radionuclide proriles for most tanks.
these profiies are 2ssentially based on the same set of records that were used (o produce
the chemical inventory estimates in the HDW model. Because of 2xtensive core
sampling,- a representative database now 2xists for many ot the chemical analytes n the
tank waste. Thnese data have been used o consuuct cemplates that represent the
composition of common wastes n various tanks. However. these data can be used o
test the accuracy of. or (o identfy dericiencies in. the HDW model rfor various groups
of tanks. The purpose of this exerc:se s t0 aot only st the accuracy of the HDW
mode{ bdurt aiso dentry those areas where the mode! could be improved for beter
radionuciide inventorv asumatces.

Bismuth was chosen as the exampie anaiyte decause 1 subsiantial amount of core
sampie data 2xists {or this analvte and only 3 {ew waste cvpes (Or sireams) are kaown [0
nave contained a significant amount of dismuth. These wasie streams include the {rst
cvcle (1C) and second cycle (2C) wastes rom the Bismuth Phosohate process (B and T
plants). Because flow shest records are also avatlable. bismuth can be used as a e
zlement (0 estimate the eguivalent amount Or waste. on a mewric ©ons of uramum (MTU)
basis. added to 2ach of |C or 2C waste recsivers (anks 241-T-104. 241-T-107.
241-B-110. and 241-B-111). Bismuth 2sumates can oe a userul basis for judging the
reliapility of the waste ransaction records for the 1C and 2C waste receiver.

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

Best-basis inventory estimates have besn developed for all of the single and -
double-shel] anks at Hanrford. Many of these 2stimates are based on sample derived
2stumates developed from core sampie data. Bismuth cesults trom this sample
population are summarized in Table E-1. This wable includes only those tanks with a
projected nventory of ar ieast 500 kilograms of oismuth (30 tanks). These wanks
collectively contain abour 70 percent of the rotal bismuth inventorv. Table £-1 also
provides a summary of the HDW model predicrions for these tanks. These predictions
are based on cwo dirferent sets of soiubilicy assumptions (as defined by split factors or
fraction precipitated ssumates or dismuth). The :rst set ot split factors (Case 1) was
derived from che assumed solubiliry iimir for BiPO< (0.004 moies per liter). The HDW
model uses chis soiubility limit (0 compure a vector containing the fraction precipitated

-
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solids for zach HDW type. The standard fraction precipitated vector derived from the
BiPOs solubil::y 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 2ssence. this invoives shucing off the minimum solubility limit
for bismuth and manually entering the chosen split factor in the fracton precipiaated
matrix of the ‘DW mode! A common value of 0.98 was chosen for Case 2. With this
assumpution.  roximately 3 percent of the dismuth would be xpected to report to the
solid phase aiid only 2 percent 0 the liquid or supernate phase. [n HDW Rev. 4
model. the fraction precipitated solids for 1C1. 1C2. 2C1. and 2C2 are ).679. 0.679,
0.606. and 0.241. respectiveiy. When these ractors are increased to 0.93. one would
SXpect [0 see a much larger quantity of bismuth assigned to those anks with a
substantial amount of {C and 2C waste (orecipitated sludge). These tanks are
241-T-104, 241-T-107. 241-B-110. anr  #1-B-111l. The results for both sets of
solubility assumprtions are shown in Fig..e E-1.

Figure E-1. Rartio of HDW Model w P=2st Basis [nventory Predictions for Bismuth.
Case | (Saandard Fracuon Precipt "2d Esumates) and Case 2 (0.98 Fracuon
Precipiated Estimartes).
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Table E-1. HDW Mode! and Best-Basis Inventorv Predictions for Bismuth.
HDW Mode! Predictions Based on Standard Fraction Prec:puated and 0.98 Fraction
Precipitated Esuumates.

; i HDW Rev 4 and | ; i

i . : . W 1 R

{ Sampied SST : .98 Frac Prec Bi o .EID .Rcv ! BBI Bi. leograms%

: | ) . Bi3 — Kilograms . !

| ! BBI Ratio ! : ‘
i

A-101 2.05 5 768 , 378 i
B-110 : 0.39 : i5.685 23200 "
B-11! ’ 0.32 ' 5.792 21500

: B-201 : 0.09 [.250 A 15000

2 -B-202 : 0.50 : 1.187 1000

5 B-205 0.23 ; 2.197 9370
B-204 ? 0.2 2,135 10700
BX-107 - 0.40 ; t6.729 <1900
BX-112 ; 0.47. : 6.718 {4200
BY-104 336.70 ! 35.973 h3.5 i
BY-106 107.05 20.900 195 i
8Y-107 96.60 : 16.425 (70 :
BY-1i0 ' 313.15 ‘ 55.089 103 |
C-107 0.62 :0.761 17300 ?
C-108 0.64 L4532 2220 i
C-110 0.36 9.250 16000
C-111 5.33 _ L.777 62
T-10¢ 0.32 ' 21.551 <0800
T-103 . 0.36 0.+36 7500
T-107 ' 0.76 i 3.1 11100
T-111 0.57 f 20.356 36000
T-201 ‘ 0.09 i 1,250 13000
T-202 0.50 925 UL
T-205 0.24 1 1.358 6<430
T-204 ‘ 0.21 i £.570 3130
TY-101 0.65 : 12.645 : 19640
TY-105 ‘, 0.29 i 7.935 ' 27200

; TY-104 ; 0.96 L 3.040 5220

i C-110 : 0.38 i 7.996 21000
U-il2 0.34 5 £.379 =940

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

i Waste HI?_.ZC?VA 0.98 Fracdon Waste HDW Rev"t'; F0'9.8
T iction Precipitated T Frgcgon ' racoon
! ype | Precipitated : ype | Precipitated Precipitated
I MWL | | 5 0.98 SRR | L 098 |
MW2 | i ! 0.98 'CSRin L 0.98
i 1C1 | 0.6795 | 0.98 .CSR i 0 -~ 0.98
L 1C2 1 0.6791 0.98 ‘DE 1 :0.98
| 2CL ! 0.6065 0.98 ‘CEM | 0.98
| 2C2 . 0.241 0.98 NIT ! 0.98
;204 ’ 0.3363 | 0.98 ‘Salt L . 0.98
l | ‘Slurrv ?
| UR/TBP! L 3 0.98 pDW ! 1 0.98
|PFaCN1: 0.697 0.98 N 3 U 0.98 !
{PFsCN2! 0.697 ! 0.98 t Bin 098 |
' TFeCN - l ; 0.98 “B-SItCk: - 0.42 098 |
'|CF=CN| 0.715. | 0.98 Tl 098 |
i RI l 0.98 Ti-StCxi  0.2817 098
t R l 0.98 Rin - 0.98 |
* CWRI L . 0.98 ~ RSItCk : b 0.98
| CWRZ | L i 0.98  T2in ; :0.98 i
: ? 1 0.98 ? ; : |
Pl 1 ; 0.98 T2-SItCki 0 . 098 |
P l i 0.98 - BYm ¢ © 098
P2 l | 0.98 . BY- 0 098
.' : - SuCk : j
PLI | L ! 0.98 ©Slin 0.98 |
: CWP1 L 0.98 -§1-SitCk; 0 098
CWP2 | 1 ' 0.98 - 32in | 0.98 !
CWZrl L ; 0.98 $2-SitStr;  0.559 - 0.98 !
F OWW1 | 0 | 0.98 . Alin 098
oww2!l 0 | 0.98 | Al 0394 : 098 |
| | | SItCk | |
FOWWS 0 0.98 A2 ! ©0.98 |
L2 L | 0.98 COA2- 0 . 098
i ; i SISIr | ’
HS l : 0.98 P53 1 0.98 !
TH1 - 1 0.98 . PL2 1 ©0.98 |
TH2 | 1 0.98 . CWZr2 | 1 - 098
’ ; 0.98 { ;‘ -
AR 0 , - BP ! ~0.98
; : ‘Colx | '
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Table E-2. Fracdon Precipitated Estimates for HDW Rev.4 Mode! (Case 1) and
For 0.98 Fraction Precipitaced (Case 2).

—
Waste HDW RCVA 0.98 Fracrion Waste HDW Rev.4 0'98 i
T Frgc:_xon Precinitated Type Frgcgon Frgcgon ;

ype Precipitared 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

i .

This figure shows the ratio of HDW model to best-basis inventory 2stimate for all
of the tanks in the sample population. Data points representing the HDW. Rev.4
Model are based on solubility derived traction precipitated estumates. (Case 1) while the
aiternare dara represents a uniform iracuon precipitate estmate (0.98) tor all danford
Derined Wastes (Case 2). As shown by this piot. the results are 2ssentially
indistinguisiiable from one another. Fracuon precipitated estimates chosen for Case 2
(0.98) nave very little 2ifect on the ourpur of the mode! compared to estimates {or
Case |.

This non-linear response is due to other fearures in the mode! which limit the
distributon of analytes to the solids. In addition to the solids layers derined in the Tank
Layering Model (TLM porton of the HDW Model), the HDW Model aiso 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. {raction precipitated estimates, liquid void tracton. solids volume
fraction and densiry estimates 0 generate a liquid/solids split for each component by
waste type. Component contributions are then summed in a linear array to producs the
total inventory estimaces for the tank. When {raction precipitated astimates are
increased, as they were in Case 2, the model continues (0 allocate each component (0
the supernate, up to its defined solubiliry limit. and then to the solids. The solids
concentration is directly proportional to the solubility value due to the contribution trom
interstital liquid. but inversety propornonal o the solids volume fraction for that waste.
If the supernate volume is small and solubility limit low, most the marerial will be
allocated to the solids. as in Case | from the previous example. When the fraction
precipitated stimate is increased. as it was in Case 2. model response may be very
small because most of the material has be=n allocated (0 the solids and very little
remains n the supernate for rediswribudon (o the solids.
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E2.0 IMPROVING HDW MODEL PREDICTIONS FOR BISMUTH

Several other adjustments were made in order 0 improve the predictive
capabilities of the model. These adjusuments ‘nclude modifying the bismuth source
terms, the sotubility limits and the waste wansacrion records for cartain mansiers. The
HDW modei. for example shows that substantal amount or bismuth resides in the BY
Farm (in wanks 241-8Y-106, 241-BY-107, 241-BY-108 and 241-BY-110). These tanks
were previously included among the ferrocyanide watchlist tanks because of the
ferrocyanide treated UR/TBP wastes they conain. Scavenged UR waste was routed o
several anks in the BY Tank Farm in the 200 East Ar=2a (241-BY-106. 241-BY-107,
241-BY-108, or 241-BY-110) (Borsheim and Simpson 1991). Some of this sludge was
also wansferred to tanks 241-8Y-104 and 241-8Y-105. This siudge. wiuch was derived
from BiPO4 metal waste. is known as PFeCN1 and PFeCN2 waste in the HDW Mode!.
According o the BiPO4 flow sheet (Schneider 1951). the metal waste fraction only
contained about 642 ilograms or bismuth. The HDW Mode!l. however, indicates that
157.700 kilograms of bismuth exist. mosty in che form of PF2CN1 and PFeCN2
wastes. i tanks 241-BY-104, 241-BY-106, 241-BY-107, 241-8Y-108 and 241-BY-110.

Clearly, this is an ¢xample where the HDW mode! predic:ions are aot consistent
with the BiPO4 {low shest. or with sample data from tank 241-BY-110. The tank
characrerization database for tank 241-BY-110 contains more :han {,180 dawa points for
bismuth. including duplicates. standards and spike recovery samples. All of the
analytcal samples appear 0 be at the minimum deteczion limut for bismuth. including
those from fusion analysis and acid dissolunon or the core segment and composite
samples from cores 103, 107 and [13. The analytcal results are consistent with BiPO4
flow sheet and tank Tansacton cecords, which show cthat very limle bismuth was added
to these tanks. [n this case, it appears that che HDW mode{ aeeds w be revised to
berer reflect the actual inventory of bismuth in the @anks. When the PFeCN1 and
PFeCN?2 bismuth concantratons were reduced to zero, HDW model results were found
to be consistent with sample cesults 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 unportant because they highlight potental problems with the model or
problems that have occurred in developing the Best-Basis [nventory (BBI) 2stimates for
these @nks.

According to the BBI, ank 241-BY-107 currendy coneains 170 kilograms of
bismuth. This estumare is based on the compositon of BY salt cake because anaiytcal
results for the core composites were found to be at ¢he anaivucal derection (imit for
bismuth (less than 2.000 micrograms per gram based on fusion analysis of the (wo core
composite samples). [n addition to sait cake, UR. PFeCN1 and PFeCN2 wastes. ank
241-BY-107 also received a small amount or {C waste. wiuch contained several
thousand kilograms of bismuth. If the bismuth concentration is assumed 0 de at the
analvucal decection limit. the orojected inventory could be is high as 3.{70 kilograms.

-9
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This value is generally consistent with the BiPO4 flow shest 2stmate ot 9.800 kg for
the 241-BY-107/ 241-BY-108/241-BY-110 cascade. and aiso appears to be a beter
martch for the HDW Mode! derived sstimate of 1.493 kilograms ot bismuth. This
2xample is of interest because it shows how the HDW mode! can be used to improve
the quality of the Best-Basis [nventory astimates for certain analytes measured at the
analyucal detection limit. '

A parallel situation is also apoarent for tank 241-BY-108. The majority of the
bismuth analyucal data apoears (0 be art the analyucal detection limit but these values
were used (0 astimate the BBI for this tank 0 be less than 644 kilograms. The HDW
model! currently 2stmates an inventory of only 6 kilograms of pismuth in this tank.
This discrepancy highiights one ot the potential problems with the HDW Model.
namely the accurate idenuficartion of sludge layers in various :anks. Tanks 241-BY-107
and 241-BY-108 were operated as 3 cascade during the receipt of 1C waste in 1952. [n
the HDW Model. it is assumed that none of the |C waste was carried over to the
second tank in the cascade (241-BY-108). Sample resuits, however. suggest atherwise
mndicaung a small but measurable amount of bismuth laden i{C wasie in 241-BY-108.

Tank Tansaction records show tank 241-BY-110 recaived abour 2.755 kL of 1C
waste m 1931 and 1952. In the HDW Model. this aansrer is assumed 0 de a direct
Tansfer rom B-plant. Based on the projected amount of bismuch in the iC waste,
some 6.871 Glograms ot bismuth should have been added o tus ank and other
downstream @nks in the cascade. The HDW Model generated a prediction of
2.500 klograms of bismuth in this tank. Analydcal results. however. show that only
about 50 to 200 kilograms of bismuth were idded to chis tank. based on the analyucal
derecrion limur of acid dissoluuon samples from thres core composites. [n this case,
there appears 0 be a significant discrepancy between the HDW model and sample
results for tank 241-BY-110.

The HDW model relies extensively on the tank inventory records developed by
Anderson. aspecially for undocumented transters that occurred in the late 1940’s and
early 1950’s (Anderson 1990). For ank 241-BY-110. Anderson shows that the inidal
transter of 1C waste occurred during the fourth quarter of 1951. This period
corresponds to the dme frame when tanks 241-BY-107 and 241-BY-108 were also
being filled with 1C waste. However. the [ow bismuth inventory in ank 241-BY-110
suggests that this tank may have been operated as the third tank in this cascade. As the
third wank in the cascade. 241-BY-110 would have received verv little bismuth from 1C
waste. In chis case, the waste ransaction records used by the HDW model are not
consistent with sample results and thus may be in error for this ank.

Several parameters were subsequently adjusted. including chemical sourcs term
2stimates. 0 improve the {it berween the model and sample based sstimates for the
bismuth. The results are shown in Figure E-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 by doubling the amount ot dismuth 1 124 waste
(from 0.006 0 0.012 moles/liter). As meationed derore. the amounr Of bismurh in the
PF=CN1 and PFeCN2 wastes was also reduced 10 zero. Finaily, the solubiliry limirt for
BiPO4 was reduced from 0.004 :0 0.001 moles/liter. These changes are considersd
be reasonable in light or the qigh bismuth invemtories found in the 122 waste c=csivers
(B-200 and T-200 series of wanks). the absence of 2ismuch in 2F2CN1 1nd PF=CN2
wastes and ngh bismuth mventorzes found m several of the {C wasie rsceivers.
Otherwise. only the standard =DW mode! values were used :0 groduce :he cesults
rigure £-2. Tas {igure siows {wo separate correlauons. Tae {Irst oae. represeated oy
the light Zray squares. siows the rano of EDW r=v L mode! 0 3est 3asis nventory
(BBD) 2sumate. wiiie second one {diamond dara 7oints) saows the unoroved It berwesn
the modified EDW model and 3BI. Tais It appears 0 pe reasonaciv 3ood Jor most
anks 2xceor 3Y-110 and C-1!i. Table -2 provides 2 summary of Qe @0k nventory
astimares and TDW mode! 0 3BI ragos used i Figure =-21.
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Figure £-2. Rado of HDW Rev. £ Mode! 0 Best Basis ‘nvenrory Esurnates for
Bismuth (square dara pownts) and Modified ZDW Model o 3est 3asis [nveatory
Esumartes (diamond snaped data poinrs).
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Taple =-2. HDW Rev.i Mode! and 3est Basis nveatory Ssumates
Togecher vt Modified EDW mode: Resuits for Figure E-2.

SST | #CW | 3est |~DWRev 4¢:0| Modified #DW | Mocifieq ~DW

!

!
i Tanks Rev 4 3asis 3Bl RATIO I Mcdel Mode! 0 38! 5
! Moage!, \Inventery Kg Ratio !
S | k| | |
| %
A-107 7331 378 2.23 : 27 J.32 i
3-1°C 3.3831 23200 3.38 25075 ‘ 1.08 i
EREE 3.7%2) 27500 2.32 20884 i 3.37 |
3-201 343l 13000 2.0¢ 3734 Q.44 5
3-202 * 187Y 2000 2.30 3348 1,38 :
. 222403 2,097 2370 D.23 10273 1.70 :
P3-204 . 21331 Q700 2.20 CC63 J.54 i
1 3X-107 . 18.7291 41900 0.40 286258 Q.38 i
3X-112 3.7181 14200 Q.47 380 0.32 !
3Y-:04 3Z.3731 333 236.79 ‘8 Q.28 !
Y-iCEé . 270 165 Honibls 43 Q.25 %
3Y.1CT 132231 3170 318 14G3 : .47 !
3Y-"10 33,2841 Qs 313.13 2300 2721 :
Z-107 1C.783 17300 2.32 2°02¢ 122 \
C-1C8 TA32Y 2229 2.3¢ 27T 1.2 !
C-110 2.2301 16800 J.28 *3Q038 V.08 !
C-111 77T 482 3.35 3473 7322 ‘
T-'04 Z* 3371 10800 Q.32 33730 | 3.33 %
T-°08 3.2868i 7500 3.36 31G8 1.23
T-1Q7 3.2a) 11700 Q.78 ' 164CS 7.49
T-i11 ¢ ZC.38%381 36000 3.37 301385 0.20
T-201 - 2300 120C0 J.2¢ 3734 D.24
v-202 3231 111 3.30 4313 1.39 |
i T7-203 1,338 3430 Q.24 Tie2 112 :
i T-2C4 18700 3130 0.21 7308 2.26 i
| TY-i01 | 12.3431 15940 Q.83 i 23170 i 1.16 |
i TY-103 + T.8831 27200 . Q2.2¢ 14448 3.33 !
PTY-104 - 33401 3240 .86 ! 3218 175 !
i U-110 . T.8S6i 27000 2.38 *3828 3.74 ;
bog-12 ©.37TG 2840 J.ca 3087 * 28

Tae ft for 241-3Y-110 is mosdy arfected v the assumpton that 241-3Y-110 was
used 1s 1 primary receiver of LC waswe rom 3-plant. Sampie cesults. qowever, suggest
that 241-8Y-1.9 was used as 2 JownsTeam receiver (turd 2anik n a tires ank
cascade). If iwus is Tue. the waste Tansaciion cecords could de 2asily changed so the
mocei -ssuits ~ould il in line with the sampie data for dus ank. Tanik 22!-C-111
was 1iso used is the second @nk in a cascace ~ecetving 1C wasie. [n dhis zase. the
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mode! assigns a disprovoruonately large irmount Of waste {0 the second @ank @ the
cascade (221-C-111). Sample cesults Tom the 241-8Y-i07/241-BY-108 and
241-T-104/241-T-105 cascades show that about L3 percenr ot che LC waste carried over
to the second wank in the cascade. The HDW mode! i1ssumes chat about 23 percent of
the 1C waste carmed over © the downstreamn ceceiving ank. However. for the
241-C-110/241-C-1 11 cascade, the carryover only amounts 0 1.7 perceat of tie
(ncomung ¥aste, dased on the anaiytical casuits ‘or dismuth. Appareatdy, {or ceasons
that are aot uily understood. wasie sewling Jroperties and :arryover zificiencies were
aot necessarily uruform 2cross ill of e cascade :anks. [f :his discrepancy is correced
{or the 241-C-110/241-C-11] cascade. mode! jredicdons saould also become more
closely aligned with sample resuits Tom ank 241-C-[1].

Tais ismuth qral included 30 single-sheil anks (SSTs) with 1 sample-based
nventory of it least 500 ciograms of dismuth 2ach. The idjusied HDW model
srovided sstimares within —¢- 30 percenr orf cie sampie mventory {Or 73 gercemr of the
@anks. and ssumates witun ~/-100 percenr of e sample mventory for 93 percenr of
e anks.

[n 2 recenr comparison betwesn IDW Rev 5 mode! Jredicaons and sampie-
based ssamates. 2DW mode! predicions wers Sound [0 oe @ smausdcai agresment with
<0 20 30 gercear of the 1nalytes n ‘he sampie :ank poowlauon (17 :anks). Tais
comparison Jncs igain ughlights Joteanial inconsistencies a1 the EDW model. Hur also
siows. {or certam ipajyves. the mode! can Ye used 0 judge -he mrernal consistency of
our 2nalytical resuits and o augmenr the currenr database. Taus smdy was performed
ov PNNL (Hartey 2t al. 1996).

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

[n 2 r=iared smdy. HDW mode! sredictions were also compared 0 sample
derived S¢ ssumates in 47 singie-shell @nks. This group represents 1.5 perceat of
the anks and ¢ 4 percenr of the *Sc inventory in the SST darms (19,152,410 out of
12.958.300 Ci of ™®Sr n che SSTs). Tae inidal results are siown in Figure £-3. This
figure provides two differenr sers of astimates. Tae drst ser. wiica is preseated as the
rato of dDW model o best basis nvearory, was grogquced ov using the modei’s
standard solupility limit for ®Sc (0.034 Cijlicer?. [n dus olot. the :anks are artanged in
order of incr=2asing cato (with a raco of 1.0 represeanng 1 pertect it derwesn modei
and sample r=suits) and the dara points sewng oiotted as small squares. The second set
OF sstimates is dased on 1 revised soiubtlity iimir of 0.01 Ci/liter for °S¢. Tais
comparison is usetul secause it sdows chat EDW model oredicdons will aot aecessarily
improve simply changing the solubilicy dmut or Sr.

in
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Figure £-3. Rauo of HDW Rev. 4 Mode: 0 Best-8asis [nveatory Sstimates or
Bismuth.(Square Dara Points) and Modified HDW Mode! 0 3est-3asis [nve'ltory
Ssumares (Diamond Shaped Daca Pounrs).
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E4.0 IMPROVING HDW MODEL PREDICTIONS FOR SR-90

When the solubtiity imit is changed. the “ser frac” suprouane (Or marco) in the
modei recaicuiates he liquid/soiids disocioution “or sach anaivee 2y ¥asie (ype. This
croduces 1 aew set OF Taction Jrecipiared sstimates in che modei. Tae modef also
allows one 0 individuaily adjust the Facdon precipitated ssamares {Or 22C1 waste <ype.
cather than reiywng on 1 comumon solupiity timit for all waswes. Tae source (s n e
model can de agjusted. Joth ierms refanng o he disTibuucn of radionuciides cecwesn
wastes Or "erms -eiaung o e voiume Jf studge or supernate Tom z2aca waste. With
‘hese adjusuments. e modei can de svstemarcaily changed o mprove die potenaal It
wifl ‘ank sampie da@ Tom @rget ;ank Jopuiagon. Tae dnal sesuits of Jus xercise are
shown in Sigure Z-t. Taole E- Jrovides tne =DW modei 2nd idjustee dDW mode!
values and Best 3asis [nvearory 2samates dispiayed in Figure S—.
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Taoie E<t. Rados of HDW Rev.+ Mode!

[ QP ¢

0 Besi-3asis [nventory and

Sty 7 Sr-Q

Samoled Singie | ~OW Reva  Rewisea Moast 51-30 | Samole | Revised Modet (0| ~DOW Rev <10 samoie
Sheit Tank ' 3r-90 Esumate Zsumate b 3¢-30 Esumate | Samote 3r-90Ratio
! f - i = Ci | 3r-30Rawo ! !
=708 9 , 1288 . 3,420 i 315 : 1.002 i
.08 1381 . 205.207 265.000 i .33 o 3.004 i
7102 123 13.290 10.550 .43 . 1.004 -
PEE R 28.379 ©.140.000 . 1.335 J.01a !
U0 < JA7 '6.278 240.000 ; J.048 : 1.01a4 ;
--i02 ] 4.0a4q : 221.527 '82.200 , tT : J.022 '
3X-:09 . 1453 : 235.306 *39.000 i ] 1.024 !
~7.108 7282 221.:28 155.Q00 } 1.36 ).328 :
3-¢02 '8 160 49 v.A3 : 1.029 :
TGt 4328 13,504 147 J00 13 . 3,046 '
3-20 8 ; 477 287 T 38 3.06¢
3X-:08 21w ; *0.228 25.900 3.41 3.085 ;
e " 329 . 12,744 ‘Q.500 3.3 ' )3 |
-2 285,501 292.372 © 254.000 1232 : 3.20 i
3Y.:0a . 179.983 . 372,470 384 200 PR 132 |
207 .74 44 457 " 330.900 3.4 : P ;
/-0 49.573 - 147 343 32 300 L3 333 |
203 © 198,378 . Tl b ", 380.200 3.32 PR !
3X-:Q7 13.087 38..27 '8.300 .39 3.0 !
T/t is 240 42.:58 21,300 il .73 ;
3Y-:36 230.J00 368..7° 236.500 123 .77
2-iC4 324,08 336.461 324300 132 : .38 {
=132 124928 :26.704 *35.800 N .32 i
3-:07 379.796 '56.008 <G4 JCo 3.29 ‘ J.34
S3-:01 300.920 . 285,428 325.300 J.2a J.38
3-:04 339.337 . "25.375 349.200 3.23 .58
3Y-i:0 . 281,330 : 395.199 53.300 3 ©37
=0 : 3.286 ‘4,311 < 360 138 !
3Y-:G8 2L 2835.:61 "35.200 i +
>-iC8 3.363.208 3.128.564 = 77C.000 a9 25
J4-:C8 138.769 191 300 '38.J00 73 29
J-i0% : 210,433 : 12,332 : "S4 Q00 .37 137
3-170 ; 134 338 . 45,508 135.200 PP 7
Z-:09 ; 349,322 337.783 327.300 143 3
3X-:1¢ : 3,309 *9.097 4 320 .3 273
A-:C2 284.312 128.325 *48.200 .37 © 32
4-102 54 399 149357 31.200 il .34
A-:06 1.372.328 2,37*.3%1 324 300 2.:8 2.19
gt 33.351° 33.480 i2.°00 EE] .36
~-i31 +80.328 37" 412 1 32.200 3.7 3.2
T-i04 9.34% 31220 3,350 3.2 3.3
Ebh 30.322 759.483 :0.' 20 3.3 3.3
Tt 3.395 19.317 - 20 i3 3.3
3.1 1354 017 240.387 25- Jaag 1.3t 3.3
.-:08 R 323.282 23.<00 3.2 32
(3.2 32

a7 ] <60.413 323,246 3200
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{

HDW modei oredicaons in Figure £~ were improved i 3 variety of ways.
Fracuon prec:piated ssumates were varied Dy waste fype {Or s0me ‘anks (O unprove the
fit wh sample data. Someumes. dis invoived ca00sing 1 compromuse vaiue that
would collecuvety minimize the deviaton for 2 group of @anks. Radionuciide
dismbution source erms wers 1iso incrsased for some of the coaung wastes. including
CWRL. CWP1 and CWP2. 10 increase the amouant of °Sc in the coaung wasie ceceivers
(tanks 241-C-102. 241-C-10s, 24]1-C-{07. and 221-C-111). The ongmal values in he
HDW modei call for 1).4 gercent of the -adionuciides being disarouted 0 die coaang
waste. Due 0 the igh sampie wventories in e <oarng waste cecsivers. chese vaiues
were increased 0 2 percsnt. < gercenr and ! jercant. respecdvely, for CWRI1, CWP1
and CWP? wastes. Whule tese ranos may ot e die opamum caoice. they qad 1
sosiuve erfect on reducing deviaons Jecwesn Jode!l and sampie grediczons for the
coaang waste @anks. Taoie -3 Jrovides a list O -he origimai {racon precipicaced
asurnates by waste cype i1 DWW Rev. + :ogesher wun the set of :sumates Jeveloped
Tom dus sudy and a durd sec Jf 2sumates developed rom {undamental sonsiderazon
of chemusTy conditons n te mnks (Soiubuicv ~ise 3 ssumates. ses Secmon J.1).
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Table £-5. Fracuon Precivitared Esumares for Sr-90 Based on BEDW Rev.+ Model, Revised
HDW Mode! i1nd Basic Chemusav Condinons {Soiubiiity Case 3 Esumares).

i Naswe iype ;| =DW | Revised #OW ;| Chemisuy | WNasie 1ype | ADW Rev.+| Revised HOW Semusay | |
; L Rev.s ‘ Moaa | Canattions z Moaet Modet . Conaigons |
i | Vodet | ! (Casa © ‘ l (Case 3 i
i l ] | Ssumates) ! | | Ssmates) |
i 5y T 7381 SSR T : 3380
w2 ] 1 2.384 JE ; : A 2,381
11 : AN .2 3.38] ZM T 3.981
T2 7 300 7,381 NIT y SXT]]
Ct S 3.31 3.281 3ait Slurry ! . 1
1C2 31 2.31 ).281 oW i T 3.58
134 A 3.5l 1.381 N " T 3.38
JR/T3P ] 1.32! 3.981  33itCx 3 " !
IC4CN1 5,281 ).381 3T T-3itCx n B]] :
SCaCN2 3.381 7.981 M 3sicx N I |
TFeCN | J.381 ).38 ) Te-SitC« Yo: 7t 3.9l '
1CF=CN 2.331 .33 )} 3Y-SitC« ).31a37! 3.2944
1 .35 3. S.38F  51-30tCx .. 87+ ).738l i
2 e 3.363! 1,38l 32-3itSir 35811 .337" |
TWR1 b]] [} 2,38 A1SiCx ).583! 2.383)
SNWR2 bt} . 3 1,38} A2-SitSir ).3al ).3al 1
34 3.381 1.365i .. 581 33 ).386i ).956i 3.381
ER] ..349) I :.38| 2 n 2.381
a7 1.557" 3.397! 1381 Wi ] N 3.981
TR bl 1,381 3PICatx . B]i
WP 2l 1.981 ).381 3P/Ncaix ; al
NP2 i 3,381 3.381 3aSF i o 2.981
SNZ 5]] B 3.3 sotdimit. . 5.<0E-32! 1.00E-00! !
' : . Totest | | ’ ]
JWWA1 ] T 3.381 {
IWW2 BT 7 3,38} '
SWW3 B] ! .38 i
Z By] 3,381 .38
~S 3. 380 3.3291 B | 1
“H1 B B]] 338t i
THZ 2.708i 3371 )T I :
H : ' ;
AR ) .92 1.978l .38 . : i
! : ; | | l l
3 33481 3.3671 158 v I
ETR i 3.51% J.S&B! ).38 ; i , i
: : ! ; : | i
! ! : : i i
b N ]
SRR 1366 3,302 3

Far :hose ranks whers :he mode! 0 sampie deviauons wer2 subsantial. che
aXtent of s deparwers Tom sampie data clearty 2xceeded e 35% conridence mrervals
defined in HDW Rev. L. [n otrer words. the 35% CI in the HDW Mode! does aot
iruiv represent the wide rang= 3T vaniapiiity found n the 3¢-90 rank jopulanon.
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Four of the wanks with unusually high modei gredicuons conwain !C1 and (C2
wastes (241-BX-112, 241-C-109, 241-C-110. and 241-104). This suggests dat 2 bewer
fit qught be obrained if the assumed [0 perceat split for BiPO4 radionuciides is r=ducsd
0 apout 3 percent {or the [C1/1C2 waste. The adjusted mode! predicuons {or @nk
241-T-111 also appear 0 de sxcassively high. As 3 2C1/2C2 waste receiver, the St
nventory @ ank 24[-T-111 ts aot consisteatr with the amount in tanks 241-8-{:i0 and
241-3-111, but these lamer anks aiso cecstved a smail amount of digh-‘eve! PUREX
(P2) waste. Obviously, more aeeds (0 de done 10 calibrate the atfect or P2 waste. Tae
remaining -anks @ chis popuiauon mostly coneain sait cake wastes. Secause sait sake
waste zenerally contains only 1 small amount of ™Sr. there may be other fearures n e
mode! that ®end (o =xaggerate tne St inveatory in :he sait cake ceceivers. This
propiem couid Se caused by 2rrors @ the waste Tansacuon cecords. Czrmain {eawurss in
the SMIM ocoruon of the HDW modef could aiso ‘ead 0 unusually ugh orediclons.
These discrepancies ge=d 0 be swdied in @ore decail before 1y canclusions can e
reached regarding the reliabilicy of the modei tor che sait cake laden @anks.

Chemisayv based Taction prec:pitated ssumares (Solubility Case 3) in Taoie =-3
groduced siigady heter cesults than those o the r2vised SDW model. 3oth sews
oroduced 1 wo foid reducuon @ scacer somparsd 0 HDW, Rev. L.

Sample dara can aiso de used © ideanfy other areas 3t improvement in e EDW
modei. The HDW mode! °Sc 2stmate is 10 dmes qugher than “he sampie derived
sstymnate cor ank 24i-S-111. Tae waste Tansaclon records mdicate dus ank was used
as the second wank in 2 REDOX waste cascade Tom 1952 0 1957. As the seccnd ank
in the cascade. the HDW mode! aas assigned an :nveatorv of 250 kL (66 kgal) of R1
siudge <0 this @ank. compared <0 an mventory of 336.3 kL (39 kgal) of suca siudge w
the primary receiver (ank 241-S-110). Tae 1966 core sampie Tom ank 241-5-111
(core {49), however, shows zhat ajl of the waste <onsists Of sait cake. wes salt. J101st
sait or drv salt at the bottom of the cank. The oniy siudge iayer :hat was found :$ one
from segment 4. close © the top of the zieven segment core. According the aormai
chronoiogy or sucl deposits, tus siudge layer must 1ave deen added at some tater darte.
and saould agot consist of R1 waste is aileged in the IDW model. This ooservauon s
comnsistent aot only with the ohysical 2videncs Tom the core, dut also with the 0S¢
results obrained Tom the core composite.

1
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E3.0 [DENTIFIED LIMITATIONS IN THE HDW MODEL

To investgate the potendal for improving sank-hy-ank wveatory oredicuons. the
HDW Mode! vas compared (0 sample based astmates or dismuth and ®Sr. The
bismouth aial inciuded 30 SSTs wih a sampie-oased wventory of it least 300 ‘Giograms
Of bismuth 2ach. Taese anks collecaveiy conram apout 70 cerceat af die 0wl Nsmuth
invenrory it danford. The HDW Mode! was adjusted o improve e {it berwe=a mode!
and sampie Yased estmartes for these :anks. Tae idjusted ZDW mode! orovided
astimates within —/- 30 percent of the sample mvexntory for 73 Jerceat of die anks. and
sstumates wiun +/-100 sercenrt of :he sampie ‘nveatory for 93 percear of ‘he @nks. A
similar sudy was ilso persormed for <7 singie-saeil -anks wich sampie derived Se
mventories (best dasis wveatories). Thoe resuits spow that the adjusied =DW moaqet
orovided asumates within <-/-100 sercsat of :0e sampie 2siumate for 36 Jercsar of the
@anks. ind ssumates within ~/-200 perceat of the sampie 2stmate ‘or 30 oercaat of the
@anks (38 out of +7 ranks ‘n che sample ank populadon). Taus. pproximately
80 sercenr of the tanks had predicted inovenrones withun 1 fIczor Jr dree Or :dhe sampie
derived 2sumates. ~or chose :anks wiere the mede! 10 sampie devianons were 1iga.
tese Jevianons cleariy :xceeded die 95 jercenc comridence intervals defined m SDW
Rev. <. [n owner words. the 5 sercent CI in EDW, Rev. & does 10t Fuiy represext the
wide cange of variabiiity found in the °S¢ :ank sopulation

There ire 1 Jumber or Jotenual desficiencies in the SDW modei. Oue limicacion
mvolives :he iccurate idenaficadon or il studge lavers in :he :anks. Tais may se 1
generic grobiem Jor many @nks. One wvay (0 reduce the gossibie axteat o dus 2ITOr S
0 cross check the HDW mode! TLM (Tank Layering Modei) orotiie against =2
sampie profiles Tom those @nks hat aave besn core sampied. Tae second source of
2ITOr qIvoives e disgiounon Of waste (0 die second or third anks n 3 cascade. [ae
disTibudon assumouons (n the model aesd © de checked igainst the sample daa Jor the
downsream :anks in the cascade. Tae ‘hird source of 2rTor imveives die composigon Of
such waste o die dJownsTeam receiver anks. tae HDW mode! issumes ‘har hese
wastes have ‘he same composiicn drotile. Since various comroneats semie at differsat
rates. degending on the solubility and size of grecipiaates that irs ‘ormed. e
downsTeam tanks prooadly <ontun a studge <hat is different in ~ompositon Tom the
siudge in the orimary cecsiver @nks. Sor some radionuciides. such 1s °Sr. carrier
precipitation grocesses n e orasence Of {erTic iron may be more umporwanc n the
primary semling ank than in one of the downstream @nks woers less iron s :xpeced in
the waste. Co-orecipitauon with iron could dias che axpecied disaiouuon garern for
*Sc. [f orgasmic complexanrs are present. a significant aczon 9f the °Se might aot
precipicate 2ven in the presencs of ron. CherusTy sondiuons @ <he ;ank c2n 2ave an
umpormant 2fes: on the behavior of Tacs radionuctides. For dis reason. one saouid
aiways TV 0 caiibrate cow e modei 1nd underiying assumpuons m the mode! witl
sampie data Tom the @arge: ©ank bopuiadon.
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The HDW Mode: can be used in a variery of ways 0 rationalize the distribudon orf
trace fadionuclides. (0 test the consistency of sample based estimates. or (0 @st the
validity and accuracy of the waste ansaction records for csrmain tanks. The mode! can
also be adjusted 10 minimize possible discrepancies berwesn mode! and samvle derived
ssumates. With such adjusunents. the mode! can be used 0 oroducs more celiable
prediczons {or those @nks with common waste types that have aot been sampled. Since
many of ese adjusanents can de ilso made for analvtes wiere fie sample data 2xists.
it should be sossible to railor the mode! ourpurt for groups of radionuclides :hat 2xaibit
common chemisay dehavior. For sxample. S couid e used o simuiate @e dehavior
of insolubie cadionuctides. suca 1s the actinides. *"**Eu could ve used for the semi-
soluble radionuciides: and ¥"Cs could be used ro simuiate :he beaavior of solubie
cadlonuciic  Tus approach wouid presumably lead :0 a deger disaribuuon of te
radionuclic.. ud sigmficandy unproved iank invemtory aredicuons.
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