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1.0 INTRODUCTION

The Best-Basis Inventory (BBI) is the official database for tank waste inventory estimates at the
U.S. Department of Energy (DOE) Hanford Site. Estimates are based on the “best” available
information to describe in-tank waste contents. This includes sample-based information (when
available), process knowledge calculations, waste type templates based on sample data, and
Hanford Defined Waste (HDW) Model estimates (RPP-19822, Hanford Defined Waste Model —
Revision 5.0). The BBI process involves developing and maintaining waste tank inventories
comprising 25 chemical and 46 radionuclide components for 177 underground storage tanks.
The BBI provides waste composition data for safety analyses, risk assessments, waste retrieval,
waste treatment, and waste disposal. Inventories for other miscellaneous tanks may also be
generated, as needed, to support customer needs.

Development and maintenance of the BBI is an ongoing effort. The tank waste inventories are
updated as a result of new sample data, waste transfers into or out of tanks, and advances in
process knowledge.

Primary objectives of the BBI process are:

e Maintaining current inventories, accounting for waste transfers and new information, and
e Ensuring traceability of the methods and input data used to derive the inventories.

Secondary objectives include:

e Providing detailed reports and electronic access to approved users, and
e Notifying customers of inventory changes.

History and background of the BBI process and the basis for these objectives are presented in
Appendix A.

Sample data are not available for every constituent and for every tank. “Best available”
information means process knowledge model estimates in these cases. Model-based results are
the only available information for many of the standard radionuclide constituents. Model-based
values for tank waste radionuclides are derived from fuel irradiation and plant process records.
A previous assessment of limitations to the HDW model provided in HNF-3273, Hanford
Defined Waste Model Limitations and Improvements, showed that tank-specific HDW model
estimates and tank sample results can vary by one to two orders of magnitude. A detailed
discussion of BBI uncertainties and HDW model limitations is included in DOE/ORP-2003-02,
Environmental Impact Statement for Retrieval, Treatment and Disposal of Tank Waste and
Closure of Single-Shell Tanks at the Hanford Site, Richland, WA: Inventory and Source Term
Data Package.

Other factors that may affect application of BBI data include proper understanding and use of
saltcake and sludge liquid volumes, unmeasured retained gas in the tanks, hierarchy rules used
for selecting “representative” sample data, handling of “less than detect” and reagent blank
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analytical values, and treatment of entrained solids. These and other issues are discussed in
Section 4.0.

Users should evaluate whether a BBI based on “best available” information is adequate for their
specific data needs. Support from personnel that develop and update BBIs are available for this
evaluation.

2.0 DOCUMENT PURPOSE AND SCOPE

The purpose of this document is to provide guidelines for developing and updating the BBI for a
tank. The guidelines are needed for the following purposes:

1. To ensure development and update of tank waste BBI are performed on a consistent
basis.

2. To determine if a BBI and the input data are adequate for the specific data needs of the
user.

3. To be used as a training tool for new personnel.

A description of the BBI is provided in Section 3.0. Section 4.0 discusses the mathematical and
statistical methods, the protocol for using input data, the step-by-step process for developing
BBIs, and review and crosschecking of BBIs. Section 5.0 describes the BBI development tools
and reports. Section 6.0 provides the references cited in this report. Sections 1.0 and 3.0 of the
report are required reading before accessing electronic BBI reports on the Tank Waste
Information Network System (TWINS).

A brief description of the automated tool for updating BBI, called the BBl Maintenance (BBIM)
tool, is provided in this report. A more detailed description of the BBIM tool is documented in
RPP-5945, Best-Basis Inventory Maintenance Tool (BBIM): Database Description and Users
Guide. The basis and concept of sample-based and model-based waste type templates are
presented in Section 4.0, but derivation and source values for waste type templates are included
in RPP-8847, Best-Basis Inventory Template Compositions of Common Tank Waste Layers.

Appendix B provides checklists for the review of BBI updates. Procedure TFC-ENG-DESIGN-
C-52, “Technical Reviews,” states that technical documents that are not defined as “engineering”
documents are to have their own method of checking defined. TFC-ENG-DESIGN-C-52 defines
“engineering” documents as “Any technical baseline document or other document that originates
within Engineering and relates to the design, procurement, manufacture, test, or inspection of
systems, structures, or components (SSCs).” Best-Basis Inventory does not relate to the design,
procurement, manufacture, test, or inspection of an SSC. Therefore, the checklists in

Appendix B provide the checking method for BBI updates in accordance with TFC-ENG-
DESIGN-C-52. These checklists embody the experience of many years of performing Best-
Basis Inventories.
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3.0 BBIDESCRIPTION

The BBI provides waste inventories for 177 single-shell and double-shell tanks on the Hanford
site. An established methodology with a single set of creation rules is used to ensure consistency
in the BBIs. Waste inventory estimates for catch tanks and other miscellaneous tanks may also
be developed as needed.

Inventory estimates are available for individual waste phases and for all the waste in a tank. The
waste phases are: supernatant, saltcake solids, saltcake liquid, sludge solids, sludge liquid,
drained voids, and retained gas. Figure 3-1 shows an example of in-tank waste phase
configuration. Where saltcake solids and liquid or sludge solids and liquid are analyzed together,
the combined phase is reported as “saltcake” or “sludge.” For single-shell tanks (SSTs) in
general, separate saltcake solid and drainable interstitial liquid estimates are provided, while the
sludge is not separated. For double-shell tanks (DSTs), separation into saltcake and sludge
liquids and solids depends on the available data.

Inventory for each standard BBI analyte (25 chemicals and 46 radionuclides) are provided for
every waste phase. Inventories for up to 112 supplemental BBI analytes are included only when
sample data are available for all waste phases in a tank or process knowledge values can be
calculated from combined sample results. Standard and supplemental BBI analytes are shown in
Tables 3-1 and 3-2, respectively. The standard analytes account for approximately 99 weight
percent (wt%) of the chemical inventory (not including percent water, free hydroxide, bound
hydroxide or oxygen associated with metallic oxides) and the radionuclides account for over 99
percent of the activity (Ci), in terms of short and long-term risk (WHC-SD-WM-TI-731,
Predominant Radionuclides in Hanford Site Waste Tanks).

Figure 3-1. Tank Waste Phases in BBI

- /_\
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Table 3-1. BBI Standard Analytes

Standard Analytes (25 Chemical / 46 Radionuclide)

Al 106Ru
Bi 13mcq
Ca 125G
Cl 12650
TIC as CO; TIC reported as equivalent CO; !
Cr 134Cs
F 137CS
Fe 187mBa  |Calculated from *¥'Cs
Hg 151gm
K 12Ey May be calculated from 5“Eu
La B4EY
Mn =] May be calculated from >*Eu
Na 226Ra
Ni 2IAC
NO, 28Ra Calculated from ?°*Th
NO; 229Th
Oxalate  |May be calculated from TOC 231pg
Pb 232Th
PO, BBI reports P as equivalent PO,  [22U May be calculated from UTOTAL
Si 233y May be calculated from UTOTAL
SO, BBI reports S as equivalent SO,  [2**U May be calculated from UTOTAL
Sr May be calculated from %Sr 235y May be calculated from UTOTAL
TOC 236y May be calculated from UTOTAL
UTOTAL |May be calculated from U isotopes |*"Np
Zr 238py May be calculated from 2°Pu or Total Alpha
°H 238y May be calculated from UTOTAL
4C 23%py May be calculated from 2%2°Py or Total Alpha
Nij 240py May be calculated from 23%240py or Total Alpha
Co 21Am May be calculated from Total Alpha
3N 241py May be calculated from 2*°Pu or Total Alpha
9Se 242Cm May be calculated from ?**Am or Total Alpha
05y 242py May be calculated from #*°Pu or Total Alpha
0y Calculated from %°Sr 23Am May be calculated from ?**Am or Total Alpha
3Zr 243Cm May be calculated from 243244Cm, !Am or Total Alpha
SMNb 244Cm May be calculated from 23244Cm, **Am or Total Alpha
99TC
Notes:

TIC = total inorganic carbon
TOC = total organic carbon
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Table 3-2. BBI Supplemental Analytes

Supplemental Analytes (112)

Total Alpha* Te Chloroform

2391240py > Th Cresol

24302440 m* Ti Cyclohexanone
144Ce/Pr Tl Di-n-butylphthalate
2B8AC Vv Di-n-octylphthalate
228Th wW Ethyl acetate

20Th Y Ethyl ether

%Nb Zn Ethylbenzene
Aroclors (Total PCB) 1,1,1-Trichloroethane Fluoranthene

Ag 1,1,2,2-Tetrachloroethane Formate

As 1,1,2-Trichloro-1,2,2-trifluoroethane Glycolate

B 1,1,2-Trichloroethane Hexachlorobutadiene
Ba 1,1-Dichloroethene Hexachloroethane

Be 1,2,4-Trichlorobenzene Hexone

Br 1,2-Dichlorobenzene Isobutanol

Cd 1,2-Dichloroethane m-Cresol

Ce 1,4-Dichlorobenzene Methylenechloride
CN 1-Butanol Morpholing, 4-nitroso-
Co 2,4,5-Trichlorophenol Naphthalene

Cu 2,4,6-Trichlorophenol Nitrobenzene

Eu 2,4-Dinitrotoluene N-Nitroso-di-n-propylamine
Free OH** 2,6-Bis(1,1-dimethylethyl)-4-methylphenol | Pentachlorophenol

Li 2-Butanone Phenol

Mg 2-Chlorophenol Pyrene

Mo 2-Ethoxyethanol Pyridine

Nb 2-Methylphenol Sulfide

Nd 2-Nitrophenol Tetrachloroethene
NH; 2-Nitropropane Toluene

Pd 4-Chloro-3-methylphenol Trans-1,3-Dichloropropene
Pr 4-Nitrophenol Tributyl phosphate

Rb Acenaphthene Trichloroethene

Rh Acetate Trichlorofluoromethane
Ru Acetone Vinyl chloride

Sh Benzene Xylene (m & p)

Se Butylbenzylphthalate Xylene (0)

Sm Carbon disulfide Xylenes (total)

Sn Carbon tetrachloride

Ta Chlorobenzene

Notes: *Analysis used to calculate specific radioisotopes. Analysis may not be available for all waste phases.
** Free OH will be automatically calculated from NO; based on Environmental Simulation Program (ESP)
free OH to NOs ratios if no other data are available.
PCB = polychlorinated biphenyl
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Additional details regarding waste phases and constituent inventories in the BBI are discussed
below.

« Saltcake and sludge solids are drained solids (i.e., they contain nondrainable liquids).

o Entrained solids (i.e., sludge particles in saltcake) are included in sample-based
inventories. However, entrained solids are not estimated by the HDW model and,
therefore, are not included in model-based template inventories.

o Saltcake and sludge liquids are “drainable interstitial” liquids. Liquid volumes are
percentages of the total saltcake or sludge volume and are based on interim stabilization
pumping drainable porosity calculations. If measured values have not been reported,
average drainable porosity values of 17 and 24 percent (HNF-2978, Updated Pumpable
Liquid Volume Estimates and Jet Pump Durations for Interim Stabilization of Remaining
Single-Shell Tanks) are used for sludge and saltcake, respectively. The BBI liquid values
include liquid which would otherwise be drainable in the capillary region based on the
drainable porosity. It should be noted that this differs from drainable interstitial liquid
(DIL) in monthly report HNF-EP-0182, Waste Tank Summary Report, which does not
include capillary liquid.

e Intanks where the surface level is above the interstitial liquid level (e.g., tanks which
have undergone salt well pumping), the solids above the interstitial liquid level do not
have an accompanying drainable interstitial liquid phase. These solids are referred to as
“drained saltcake” or “drained sludge.” The drained pore spaces in the capillary region
which no longer contain interstitial liquid are referred to as “drained voids.” The drained
voids are assumed to occupy a volume based on the drainable porosity described above.
Drained void compositions are not presented.

e Retained gas is only included for 11 tanks for which retained gas measurements were
made or estimated. For these tanks, the retained gas volume is subtracted from the
saltcake or sludge phase. Retained gas composition is not presented.

e Inventory values have associated decay and effective dates. The decay date is the
common date to which the radionuclide inventories are decayed. Half-lives and specific
activities are based on the Nuclides and Isotopes, Fifteenth Edition of the Chart of the
Nuclides (Parrington et al. 1996) with the exception of "°Se and *26Sn which were
updated to the Nuclides and Isotopes, Sixteenth Edition of the Chart of the Nuclides
(Baum et al. 2002). Currently, the BBI is undergoing an update of the decay date for
radionuclide analytes from January 1, 2008 to July 1, 2015. This is an incremental
process and, therefore, decay dates for tanks will differ during the transition. After the
transition is complete, all BBIs will have a radionuclide decay date of July 1, 2015. The
effective date is the date at which the inventory is effective. The published inventories do
not account for changes due to waste transfers, chemical additions, water additions or
water evaporation that occur after the effective date. Sample data published up to 90
days prior to the effective date may also not be reflected in the inventories.
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e Inventory values may be sample-based, calculated, engineering-based, or template-based
in accordance with protocol in Section 4.0. In general, sample-based values and direct
calculations have the highest level of certainty, engineering-based values utilizing sample
information are next, and templates have the lowest level of certainty (i.e., the highest
uncertainty).

— When available, sample analyses are the preferred basis for information. Sample-
based data (S) are based directly on analytical results. Means and confidence
intervals are determined by sample events. “Less than detect” values are included in
the means calculations.

- Direct calculations (C) are calculated values based on correlations with another
analyte (e.g., ®°Y derived from %°Sr).

— Engineering-based values include values based on pre-1989 analytical results, results
for one tank applied to another, and engineered process knowledge calculations
(e.g., material balance estimates to account for tank transfers).

—  Waste type templates, sample-based (TS) and model-based (TE), are used to estimate
tank inventories if tank-specific analyses or process knowledge calculations are not
available. Waste type templates are described in Section 4.0.

o Tank waste volumes are based on surface level measurements, solids level
measurements, tank transfer records, and waste process historical records. The waste
volumes were not re-estimated in HDW model Revision 5, so the HDW model
Revision 4 estimates (LA-UR-96-3860) are still sometimes used for volume, but not for
analyte concentrations.

o Uncertainty estimates for inventory, volume, concentration, and density are determined
for sample-based results (S) and sample-based templates (TS). The uncertainty estimates
are relative standard deviations (RSDs) presented as fractions. Inventory uncertainty is
calculated by combining volume, concentration, and density uncertainties (See
Section 4.0).

Figure 3-2 illustrates the BBI inputs and some past and current applications.
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Figure 3-2. BBI Inputs and Applications
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4.0 BBIDEVELOPMENT PROCESS AND INPUT PROTOCOL

The process and protocol for developing BBI are described in detail in this section. Section 4.1
discusses the mathematical and statistical methods for calculating BBI. Sections 4.2, 4.3, and 4.4
discuss the protocol for using the BBI inputs: waste composition, density, water content, and
volume. Section 4.5 provides a step-by-step description of the BBI update process. Section 4.6
describes the review and crosschecking of BBI results.

41 MATHEMATICAL AND STATISTICAL METHODS FOR DEVELOPING BBI

A summary of the mathematical and statistical methods for developing BBI is provided here.
Additional details are provided in RPP-6924, Statistical Methods for Estimating the Uncertainty
in the Best Basis Inventories. For each waste phase (or “component” in the BBIM), the equation
for the inventory of an analyte is given by:

[=CXDXV

where | represents the inventory, C represents the analyte concentration (also referred to as the
“component concentration” or “adjusted concentration”), D represents the waste density (also
referred to as the “component density”), and V represents the volume of the waste in the
particular phase (also referred to as the “component volume”). Note that the term “density” is
used to denote “Bulk Density” or “Specific Gravity,” depending on whether the waste phase is
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solid or liquid. Specific gravity measurements are not adjusted for temperature; a specific
gravity of 1.0 is taken to equal 1 g/mL.

For each waste phase in a tank, the component density D is the best estimate of the density of
that phase as it resides in the tank. The component density is generally the density of the
preferred vector after accounting for any water addition, evaporation, etc. The component
volume V is the volume of that waste phase based on surveillance data or other information. The
component concentration C, also referred to as the “Adjusted Concentration” in TWINS
inventory reports, is the concentration of that analyte after accounting for water additions,
evaporation, radioactive decay, or other factors.

Assuming that the three variables C, D, and V are independent of each other, the uncertainty in
the inventory is calculated as follows:

RSD? = RSDZ + RSD2Z + RSDZ

where RSD is defined as the relative standard deviation, i.e., the standard deviation (SD) divided
by the mean. The subscript identifies the specific variable with which the RSD is associated.
Also, for liquids, the density is not used in the inventory calculation, since the concentrations are
reported on a volumetric basis (ug/mL or pCi/mL). Thus the corresponding RSD is omitted from
the uncertainty calculation.

4.1.1 Multipliers

Multipliers are sometimes used to adjust sample concentrations, process knowledge estimates, or
waste type templates for component density and water content. Because of evaporation of water
from a tank or dilution of waste due to the addition of water, the concentrations measured for a
sample taken prior to the concentration or dilution event may need to be adjusted to the current
density and water content of the waste. In addition, archived samples are known to “dry out”
during storage and must be adjusted to the density and water content at the time the sample was
obtained. The following formula is used to calculate a multiplier to adjust the concentration.

o pp 100 — wt% water,,
Multiplier = — X
Pa 100 - wt% water,

where p = density
a = the secondary sample or template being adjusted, and
b = the “preferred” or most representative sample.
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When sample results, templates, or other concentration data are adjusted by a multiplier, the
equation for the inventory of analyte R becomes:

IR:CRXDRXVXM

where 1, C, D, and V are as previously defined, R denotes analyte R, and M is the
multiplier.

Using a multiplier introduces additional uncertainty in the inventory estimate. However, the BBI

does not account for the uncertainty associated with the multiplier at this time.

To account for evaporation or dilution in a tank, most liquid samples concentrations are only
adjusted using a volume ratio (Vinitiat / Viinat OF V1/V2), as shown below. Since evaporation or
dilution does not change the inventory of analyte R,

IR :CRXDRXV]_XM]_: CRXDRXVZXMZ
Note that Cr and Dr are the concentration and density, respectively, of the preferred vector for
analyte R. Mz is the applicable multiplier at volume V1 prior to dilution or evaporation. Mz is
the applicable multiplier at volume V2 after dilution or evaporation. Simplifying,
Vi X M1=V2 X M2
Therefore, C2 = C1 X V1/V2, and the multiplier becomes V1/V2 times the original multiplier M.
Another case where a multiplier is applied occurs when the volume of a waste phase changes due
to evaporation or dilution. If volumes are assumed to be additive, the density and percent water
can be adjusted by mathematically adding or removing water from the waste.
If a supernatant layer with initial analyte concentration Cu, initial density D1, initial weight
percent water W1, and initial volume V1 undergoes evaporation or dilution to volume V2, the final
concentration Cz, density D2, and weight percent water W2 can be estimated as follows.
This estimate assumes that volumes are additive, that only water is removed during
evaporation, that only water is added during dilution, and that the density of water is
1 g/mL.
Mass m1 before evaporation/dilution = D1 X V1
Mass m after evaporation/dilution = D2 X V2

If the mass change is attributed to the addition or loss of water with a density of 1 g/mL,
then,

mz = mz + (V2- V1), which equals D2 X V2=D1 X V1 + (V2- V1).

10
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Dividing both sides of the equation by V2, the density after dilution or evaporation is:

Dy xVy + (Vo= V)

D, =
2 v,

The mass of water after dilution or evaporation is the original mass of water plus the
amount of water added or removed, attributing all volume changes to the addition or
removal of water with a density of 1 g/mL. In the BBI, mass of water is expressed as a
weight percentage (wt% H20).

(Wt% H20)2 X DZ X VZ = (Wt% H20)1 X Dl X Vl + (VZ - Vl)
Rearranging this equation, the percent water after dilution or evaporation is:

D, xVi+ (V= V;)

(Wt% H20)2 = (Wt% Hzo)l D2 » VZ

Because liquid concentrations are expressed in volumetric terms,
CixVi=C2X% Va.

Therefore C2 = C1 X V1/V2, and the multiplier (M) becomes Vi/Vo.

4.1.2 Interim Stabilization Tanks

Tanks which have undergone interim stabilization require special treatment. Saltcake layers are
typically represented by a saltcake solids fraction and a saltcake liquid fraction. In a volume V of
a saltcake waste type with a drainable porosity P, the volume of saltcake liquid is P x V, and the
volume of saltcake solids is (1-P) x V.

During interim stabilization, much of the drainable liquid was removed, without appreciably
changing the bulk volume of the saltcake waste phases. This resulted in “drained” saltcake
layers above the interstitial liquid level where there is no drainable liquid phase to accompany
the saltcake solids phase. Therefore a “drained void” phase is added to occupy the volume
formerly occupied by the drainable liquid. Since the drained void spaces are filled with air, no
density or percent water values are provided, and constituent concentrations are set to 0. The
saltcake solids composition is the same in the drained saltcake as in the liquid-saturated,
undrained saltcake solids below the interstitial liquid level.

4.2 WASTE COMPOSITION
The BBI baseline development process and update process are similar for determining waste

composition. The primary difference is that a waste inventory is defined and data sources have
already been evaluated for baselined data. When the waste composition changes or new data are
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obtained, previous data sources and new sources are again evaluated to select the best
information for current tank waste concentration estimates.

The BBI concentration values are based on the following sources of information. Sample-based
values are assumed to be more reliable and have the least uncertainty. Calculations and process
knowledge values are generally based on sample results. Waste type templates have the most
uncertainty and are used when no data are available or when only high “less than detect” results
are available.

The following designations are used in BBI to show the basis for analyte concentrations
presented.

1. Sample Based (S): Values based directly on mean calculations for analytical results in
TWINS/TCD (Tank Characterization Database for samples collected from the same tank
and waste phase to which the concentrations are applied).

2. Calculations (C): Calculated from other sample data (e.g., U and Alpha isotopes, *'mBa,
0V, Sr, 152Eu, 1°Eu, ??®Ra, free OH and oxalate).

3. Process Knowledge: (E) Inventory values include:

e Concentrations generated via spreadsheet based on combined information (e.g., new
data, weighted average values for waste transfers, reconstituted values for centrifuged
samples or precipitated solids). Generally derived from sample-based results, or a
combination of sample-based and template-based results.

e Concentrations generated for tank transfers using a material balance.
e Data not listed in TWINS/TCD (pre-1989 sample data).
e Sample data from one tank or waste phase within a tank applied to another.

4. Template (TS or TE): Used to characterize a waste type where tank-specific sample data
are not available.

e Template Sample (TS) values are average values for a waste type derived from
analytical results from two or more tanks.

e Template Engineering (TE) values are from Revision 5 of the HDW model
(RPP-19822). Values are based on fuel activity estimates, separation plant process
records, and waste transfer records. Most liquid templates and radionuclide values
are TE.

12



RPP-7625 Rev. 12

4.2.1 Sample Based Data

The following rules are used to select and evaluate data to estimate means and confidence
intervals for sample-based BBI. Altered data on TWINS, data from the TWINS historical
section (pre-1989 data), or other data not available in the TWINS TCD are not reviewed or
included in sample-based results. These values are used as needed, but vectors (i.e., sets of
concentration estimates for BBI analytes) derived from this information are designated as
engineering based (process knowledge) (E).

4.2.1.1 Screening the Data

Sample analyses are performed in accordance with laboratory quality standards and the data
undergo multiple reviews by laboratory chemists and quality assurance (QA) personnel prior to
issuance. Therefore, the BBI data review focuses primarily on potential outliers and data with
laboratory quality control (QC) flags. Potential outliers are screened by using existing data in
TCD (see Appendix C for more details). Data with QC flags are reviewed to determine if the
data are acceptable for use in the BBI. Certain data are also reviewed for consistency with
process knowledge of the waste.

The RESOLVE tool on TWINS was created to automatically screen laboratory data to reduce the
amount of data requiring “human” review. Data requiring “human” review are flagged
“Resolution in Progress” until the review is completed per a data review checklist. The
RESOLVE tool runs nightly as new data are entered to the TCD on TWINS. After data have
been screened or reviewed by a human, it is flagged, as “Reviewed,” “Suspect,” or “Not for
Inventory.” The rules that are programmed into the resolve tool and a data review checklist are
included in Appendix C.

Field and reagent blank analytical values are not subtracted from sample results. Blank results
are used primarily to verify that the samples were not contaminated. However, if a blank result
is a large fraction of the associated sample results, i.e., it indicates possible significant
contamination, the sample results may be declared suspect.

4.2.1.2 Means and Confidence Intervals

Means and variances for each set of sample data may be calculated using the AutoStat Tool. The
AutoStat Tool was created by Pacific Northwest National Laboratory (PNNL) using a web-based
interface. After the data are reviewed, the BBI author determines which samples or segments
should be used to best represent the tank waste phase or type. For example, separate mean
reports may be generated for segments that comprise saltcake and sludge layers. Separate means
may also be generated for supernatant and drainable interstitial liquid. The AutoStat Tool
maintains information on specific samples and criteria used to generate a means report.

Means may also be generated for circumstances requiring a different statistical approach from
those available in the AutoStat Tool. For example, the means of some samples or segments may
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need to be weighted to represent layering within a supernatant or due to uneven sample recovery.
The means for these special circumstances are generally calculated with the support of a
statistician.

The basic rules (shown below) apply to the means that are calculated.

e Generalized least squrares estimator (GLSE) methodology, using weights calculated from
the analysis of variance (ANOVA) estimates of the variance components, is used
to estimate the mean and variance of laboratory samples within a waste type. This
variance includes analytical and spatial variability within waste types. Additional
description of the methodology is provided in RPP-6924.

e Averaging of sample-based concentration numbers is at the same aggregation level
(i.e., core samples are not averaged with grab samples and composite analyses are not
averaged with segment analyses).

e When data are available, means and confidence intervals are determined for supplemental
BBI analytes (analytes that are in the BBIM tool, but not one of the standard 25 chemical
and 46 radiochemical constituents) and included in sample and process knowledge
vectors.

e For tanks with multiple sampling event dates, individual analytical concentration results
are averaged separately for each sample event, device type (e.g., auger, grab, core), and
waste phase in each tank.

e |f a waste phase contains more than one waste type, as determined by waste transfer
records from revision 4 of the HDW model (LA-UR-96-3860), the waste types
are either averaged separately, or combined, based on the variation of the analytical data.
In cases where there is not a clear separation, a single sample average may be applied to
both waste types. In many cases, there are insufficient analytical data to determine the
waste composition for all waste types in a tank.

e “Less than detect” analytical values are included in means and confidence interval
calculations unless marked “suspect” or “not for inventory.” This conservative approach
may bias mean calculations high. However, the alternative to ignore the “less than
detect” values would also bias the mean; assuming a “0” for all “less than detect” values
would result in a low bias.

e When analytical data show separate waste types in distinct layers within a waste phase
(e.g., two or more types of sludge in the sludge phase), separate means are calculated for
each waste type. However, when more than one waste type is expected in a phase but the
waste layers cannot be distinguished by sample data or visual observations, a single set of
means is calculated and applied to all waste types within the region represented by the
sample(s).

14
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Means for total polychlorinated biphenyls (PCBs) cannot be computed like other analytes
because analyses are reported for individual Aroclors. The conversion of Aroclors to
total PCBs is made using the guidelines in RPP-7614, Data Quality Objectives to Support
PCB Management in the Double Shell Tank System.

o If all Aroclor concentrations are “less than detects,” the maximum Aroclor 1254
concentration was selected as the total PCB concentration. This is by far the most
commonly detected Aroclor in tank wastes.

o If only one Aroclor is detected (e.g. Aroclor 1254), the mean of all concentrations
for that Aroclor including “less than detects” is calculated. 1f 50% or more of the
concentrations used in the mean calculation are detected, then the mean total PCB
concentration is considered a detected value. Otherwise, it is a “less than detect.”

o If multiple Aroclors are detected (e.g. Aroclors 1248 and 1254), the mean of each
detected Aroclor including “less than detects” is calculated. If 50% or more of
the Aroclor values used in the mean calculations are detected, then the mean is
considered a detected value. The mean total PCB concentration is estimated by
summing the means of the detected Aroclors.

o Ifresults are reported as a dry-weight basis, concentrations are converted to a wet
weight basis via the following formula, where wet and dry weights are in
concentration units:

100 — wt% water
100

Wet weight = dry weight X

Means and confidence reports for newer sample data are included in the BBI derivation
reports for the tanks of interest. Means and confidence interval reports for older sample
data are located in the 2009 Auto-TCR document for the specific tank (located on the
TWINS ”Characterization Documents” tab).

Analytical Hierarchy Rules

The following rules are used in evaluating various sample sets for tank phase/type, and selecting
the “best” concentration for each analyte.

Total uranium is estimated as the sum of detected isotopes by inductively coupled
plasma/mass spectrometry (ICP/MS) (if both 23°U and 28U are detected) or from

238 1 0.993 (if 2°U is not detected). If no mass spectrometry data are available and for
low concentrations of U (< 1,000 ppm), the phosphorescence method is selected over
inductively coupled plasma (ICP) for UtoraL. For large concentrations of U

(> 1,000 ppm or ten times the detection limit), ICP is selected over phosphorescence.
Appendix D shows Specific Activity values used in BBI.
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e For inductively coupled plasma/atomic emission spectroscopy (ICP/AES), acid digest
results should be used for the sample vectors, especially for saltcakes. For sludge
samples, use fusion digest results if they are consistently and significantly higher than the
acid digest results (> 10% higher) and if they appear reasonable. Some exceptions to the
above rules:

o Fusion digest results are preferred for Si and may be for Al, Ce, Mn, and Zr
because acid digest may not always completely dissolve refractory oxides.

o Fusion digest generally involves higher dilutions (resulting in higher detection
limits and greater variability) than acid digest. Therefore, acid digest results are
generally preferred if fusion digest results are near or below laboratory detection
limits.

e [fresults from two data sets are “less than” values, select the smaller “less than” value.

e For S and SOsanalyses of solids samples, the order of preference is: ICP analysis: acid
digest (ICP:A), ICP analysis: fusion digest (ICP:F), ICP analysis: water digest (ICP:W),
and ion chromatography: water digest (IC:W).

e For P and POs analyses of solids samples, the order of preference is: ICP: A, ICP:F.
ICP:W. IC:W results generally should not be used because of non-water soluble POy, if
present, would be omitted from analysis.

e For POq, P, S, and SO4analyses of liquid samples, the order of preference is: ICP,
ICP:A, IC.

e Protocol for Mass Spectrometry analyses used in BBI is shown in Appendix D
(Table D-1).

o 239240py resylts from alpha spectrometry are selected over 2*°Pu results from ICP/MS.

e 2%LAm results from alpha energy analysis (AEA) are preferred over ICP/MS. ICP/MS
results are preferred over gamma energy analysis (GEA).

e %9Tc results by ICP/MS are preferred over liquid scintillation results due to potential
interference in the radiochemistry method. Un-oxidized “pertechnatate” results do not
include all the **Tc in a sample and should not be included in the means.

e Thorium and 2%2Th should be equivalent. Thorium is usually analyzed by ICP while
232Th is analyzed by ICP/MS. ICP/MS results are preferred because this method is
generally more accurate and sensitive.

Supplemental analytes (Aroclors [Total PCBs], Ag, As, B, Ba, Be, Br, Cd, Ce, CN, Co, Cs, Cu,

Eu, Free OH, Li, Mg, Mo, Nb, Nd, NHs, Pd, Pr, Rb, Rh, Ru, Sb, Se, Sm, Sn, Ta, Te, Th, Ti, TI,
V, W, Y, and Zn) should be included in the sample vectors when sample data are available.
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Miscellaneous organic compounds may be included to support specific projects (e.g., SST
Retrieval and Closure).

4.2.1.4  Hierarchy Rules on Means

The following protocol is used for selecting sample means to represent a tank waste.
e The priority (order of preference) for an update not involving a waste transfer is:

— For solids, core segment data have the highest priority, followed by core composite
data, solids grab data, then auger data. After that, the sample priority is from most
recent to oldest data. Caution should be used when applying composite data, because
bias may be present related to sampled and unsampled layers within a tank.

— For liquids, the most recent data have the highest priority because the
representativeness of these data are less likely to be affected by evaporation or
precipitation. After that, the priority is grab data, core segment data, core composite
data.

e The priority for an update involving a waste transfer is:

— Samples obtained after the most recent transfer have the highest priority. When
results from more than one set of samples taken after the most recent transfer are
available, the priority are the same as above (i.e., for an update not involving a
transfer).

— When results from samples taken prior to a transfer are used, the priority is: core
sample data, grab sample data, core composite data, and auger sample data. If more
than one set of data is available for each type of sample data, the most recent set is
preferred.

e The mean for a given analyte in the preferred data set should be used if it is based on
detected results. However, if the preferred data set has a “less than detect” value, use this
as an upper limit and evaluate the means from the other data sets in the following order of
priority.

— If the data set that is next in priority has a detected value that is below the upper limit,
select the detected value from this data set.

— Ifthe data set that is next in priority has a “less than detect” value that is less than the

upper limit, use this lower “less than detect” value as the new upper limit and look at
the data set that is next in priority.
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— If there are no data sets with detected values, select the lowest “less than detect” value
or select a template value if template values are lower than the lowest “less than
detect.”

— Do not select a detected value if it is higher than the “less than detect” value in the
preferred data set.

Select the template value if no sample-based calculations or process knowledge vectors
are available. A “0” value is included in templates only if documented evidence shows
that an analyte was not included in the waste process (e.g., no mercury or strontium was
produced in some waste processes).

NHs grab sample data are preferred over core sample data, because grab samples have
been observed to generally have higher NHs results than core samples. NH4" results are
converted to NHs equivalent prior to inclusion in the vector.

Free OH should be selected when the selection is a sample result or is calculated from
sample results (as is often the case with process knowledge vectors). Free OH
concentrations in the vectors may be based on free hydroxide analysis or on pH analysis
results converted to free hydroxide, when data review has concluded that the pH is more
indicative of the actual free hydroxide concentration. Free OH may also be selected from
sample based templates or process knowledge estimates. If no selection is made, the free
OH will be automatically calculated by the BBIM based on the NO2 inventory using OH
to NOz2 ratios obtained from 2002 ESP runs.

If “less than detect” results are identified as the “preferred” result for Sr and the template
result is “0,” make no selection because Sr detection limits may be orders of magnitude
higher than the actual concentration. The BBIM will calculate Sr from *°Sr to ensure a
realistic relation is maintained between the chemical element and the radionuclide (see
Section 4.2.2, “Calculated Inventories”).

If a “less than detect” result is identified as the “preferred” result for oxalate, compare to
the value calculated from a ratio with TOC (see Section 4.2.2, “Calculated Inventories™),
and make no selection if the calculated result is lower.

If current total PCB concentration is not available from sample data or transfer estimates,
use default concentrations based on the template PCB concentrations from
RPP-RPT-26878, Best-Basis Inventory Templates for Polychlorinated Biphenyls. The
PCB concentrations in RPP-RPT-26878 are on a dry weight basis and must be adjusted
for the percent water of the waste component. No density adjustment is made. No
multiplier adjustments are made for default liquid concentrations, since the
concentrations in RPP-RPT-26878 are based primarily on detection limit values.
Guidelines for estimation of total PCBs are outlined in letter 7G410-04-DMN-001,
“Polychlorinated Biphenyls Best Basis Inventory.”
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The hierarchical sequence for alpha emitters is:

—  Analyses for 2Am and 23%240py are the preferred basis for estimating concentrations
of the other major alpha-emitting isotopes (**Pu, 2#2Pu, 2*Am, ?42Cm, 2**Cm and
244Cm) when measurements for these nuclides are unavailable. When detected,
24LAm and 2%9240py data take precedence over total alpha or mass spectrometry data.
Note that ?*'Pu (a beta emitter) can also be estimated based on 2*°Pu. The sum of
241Am and available Pu and Cm isotope concentrations should be compared to the
total alpha concentration as additional check of the data.

— Detected total alpha analyses are second in priority. Total alpha can be combined
with either 222Am or 239240py if it is detected.

— If 22Am, 2%9240py, and total alpha are all “less than detect” values, compare the
measured total alpha value, the sum of the 2*:Am and 23¥2°Py, and template total
alpha value (or other process knowledge estimates for total alpha). Use the lowest
measurement-based value if it is less than the template/process knowledge estimates.
Otherwise, select the template or process knowledge estimates.

— The BBIM tool will calculate the remaining alpha emitting isotopes.

If (1) data for a supplemental analyte are available for all waste types and phases and (2)
all results for the analyte are either detected values or “less than detect” values below

100 pg/g, 100 pg/mL, 100 uCi/g, or 100 puCi/mL, calculate the inventory of the analyte.
Otherwise, do not calculate the inventory of the analyte in any waste type. Do not
calculate inventories for organic analytes, 226Ac, 228Th, 2°Th, or **Nb unless requested by
a project (SST Retrieval and Closure or Operations). Exceptions include:

— If information for a supplemental analyte is not available for one or more solid waste
types and these waste types total no more than 10 percent of the total solids volume,
calculate inventory of the analyte.

— If the analyte is expected only in waste types for which sample information is
available (CN in a ferrocyanide waste, for example), calculate inventory of the
analyte.

— If significant concentrations (100s of parts per million or greater) are encountered in
solid samples, but the liquid concentrations for a insoluble species are unavailable (or
have a “less than detect” value above 100 pug/mL or 100 uCi/mL), and the inventory
would not change more than 10 percent if the analyte were present in the liquid at
100 pg/mL or 100 pCi/mL (or at the high “less than” value), calculate inventory for
the analyte.
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4.2.1.5 Decay Inventories
Radionuclide inventories are decay corrected as follows:

« All radionuclide inventories are automatically decayed to the specified date in the BBIM
tool. Currently, the BBI is undergoing an update of the decay date for radionuclide
analytes from January 1, 2008 to July 1, 2015. This is an incremental process and,
therefore, decay dates for tanks will differ during the transition. After the transition is
complete, all BBIs will have a radionuclide decay date of July 1, 2015. Analysis dates
must be provided for sample data (see bullet below). Waste type templates are entered
into BBIM using a decay date at January 1, 2001. Second order decay corrections for
9MNb, 22’ Ac and 2**Am are included.

o Calculate a start date by taking the mean “Analysis.Date.Time” of the fast decaying
analytes of 8°Co, 4Eu, *Eu, *¥'Cs, and *Sr. “Analysis.Date.Time” information can be
found in TWINS. If none of these analytes have “Analysis.Date.Time,” then check the
data report to determine the analysis date and document the source, or estimate from
sampling and report dates.

o Radionuclide decay values and specific activity values used in BBI are shown in
Appendix D (based on Parrington et al. 1996 with the exception of "°Se and 26Sn, which
were updated to Baum et al. 2002).

e Second order decay calculations account for isotopes which are themselves produced by
radioactive decay of other isotopes, as described in Appendix G. Second order decay
calculations assume that the parent and daughter isotopes have been in the same waste
layer from the starting date to the ending date. If transfers, dissolution, or precipitation
have changed the proportion of parent and daughter isotopes during this time interval,
negative values could result when calculating from a later to an earlier date.

4.2.2 Calculated Inventories

The following analyte inventories may be calculated by the BBIM tool from inventories of other
analytes:

« ¥’mBainventory is calculated by using the equation: ¥*’mBa inventory = 0.944 x ¥'Cs
inventory. The factor of 0.944 was derived from RPP-13489, Activity of Fuel Batches
Processed Through Hanford Separations Plants, 1944 through 1989, assuming that the
only source of cesium was the reactor fuels.

o 2Cm and ?**Cm inventories are calculated from 24¥244Cm inventory and the isotopic
ratio of the distribution vector.

« %Y inventory = °Sr inventory.

o Srinventory = 2.4436 E-5 x %°Sr, assuming a minimum °Sr abundance of 30 wt%.
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« ??Rainventory = %2Th inventory.

o Oxalate inventory = Factor x TOC /0.273. Factor is a waste type specific ratio
developed from analytical data available in TWINS. The specific ratios for each waste
type were originally developed in 7G410-04-DEP-001, “Estimation of Oxalate Based on
Total Organic Carbon.” Updated ratios are provided in Appendix E.

« 2Ey and °Eu inventories may be calculated from **Eu and template isotope ratios.
The BBIM will automatically estimate the *>2Eu and **°Eu inventories (from >*Eu) if the
selections for either or both of the two isotopes is left blank, and if >*Eu is detected in the
distribution vector.

e For daughter products, use algorithms already programmed in BBIM.

e For U isotopes, use detected ICP/MS results if UtoraL is based on ICP/MS. Otherwise,
the uranium isotope inventories will be automatically calculated using the process
knowledge or sample-based UrotaL and isotope ratios in the distribution vector
(frequently the waste type template).

o Free OH inventories will be calculated by the BBIM if no selections for free OH are
made. The calculation is based on the layer NO2 inventory and the free OH to NOz ratio
obtained from 2002 ESP runs made by PNNL (see Appendix F).

o For alpha emitters, use the sample-based Pu, Am, and/or total alpha results as outlined
above. The remaining alpha isotopes are normally calculated from Pu, Am, and total
alpha sample data and waste type template isotopic ratios.

4.2.3 Process Knowledge Spreadsheets

Process knowledge spreadsheets are used for material balance calculations due to waste
transfers, and to reconstitute centrifuged samples or solids that precipitated or gelled in the
laboratory at lower temperatures than in the tank.

4.2.3.1 Material Balance Spreadsheets

A material balance spreadsheet may be used to calculate a tank inventory that had changed due
to a transfer of liquid waste into the tank. Following a transfer, inventory estimates are updated
for both the source and receiver tanks. Inventory of the solid phase is generally assumed to be
unchanged by a supernatant transfer. The material balance process knowledge spreadsheets are
described further in the Hanford Information Systems Inventory (HISI) (Identification

Number 3095).
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The spreadsheet starts with waste concentrations reported in the previous BBI Calculation Detail
Report. When waste is only removed from the tank, no waste concentration changes are made
and the material balance calculations are not normally needed. When waste is transferred into a
tank, a weighted average waste concentration is calculated using the equation below.

_ 2GixXVi
VFinaI

Adjusted Waste Concentration for each analyte

where i denotes each waste stream, C is the concentration (radionuclide concentrations
must be decay-corrected to the same date), and V is the volume.

Differences between transferred volumes and the final volume in the tank are normally attributed
to flush water or water evaporation. The spreadsheet is typically set up with different worksheets
to keep track of the concentration of all transferred waste, the volume and date waste is
transferred, calculations, and adjusted tank waste concentration. Calculations are not carried
forward if data are not available for an analyte. Each spreadsheet includes a vector worksheet
which formats the composition information for input to the BBIM tool and supporting
worksheets which compile composition information, perform a step-wise material balance,
perform radioactive decay, etc. All worksheets contain notes describing the source and logic for
information and calculations presented.

The spreadsheets include built-in checks for the isotopic distributions of uranium and plutonium
and a comparison of uranium and the sum of the uranium isotopes. The spreadsheets are single-
use spreadsheets which are exempt from TFC-ENG-DESIGN-C-32, “Utility Calculation
Software Management” and are checked per TFC-ENG-DESIGN-C-10, “Engineering
Calculations” and formally released to the Integrated Document Management System (IDMS).
Copies of the spreadsheets are also maintained on the Stdinv shared drive. The checklist
provided in Appendix B may be used to assist with the spreadsheet checks.

4.2.3.2 Reconstituted Samples

Results of samples that are separated by centrifugation prior to analyses may be reconstituted to
represent the composition of the waste as it exists in the tank. Samples are reconstituted by
combining results from the liquid and solid fractions of a waste phase in appropriate mass ratios.
For example, centrifuged saltcake liquid and solid results may be recombined to give a total
saltcake concentration. If not reported, the wt% solids are calculated from the volume percent
(vol%) centrifuged solids providing that the density of the centrifuged solids is recorded. The
sample portion field in TWINS identifies the centrifuged samples.
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The equation used for reconstituting samples is:

Reconstituted sample conc. (%g)

t% solids
= [Conc. centrifuged solids ('L;Tg) X u]

100
Conc. Liquid (_#{QL) 100 — wt% solids
- — X
SpG of the centrifuged liquid 100

Liquid samples that precipitate (or form a gel) following removal from a tank were also
mathematically reconstituted by combining the liquid and solid fractions that were analyzed to
arrive at the original liquid concentrations in the tank. The reconstitution formula for a
precipitated sample is:

L HY
Conc.of samples before precipitation (ﬂ)
= [Conc.precipitated solids (%) X solids density (i) X

mL
o UG 100 - vol % solids]
. — ) X
+ [Conc liquids (mL) 100

vol % solids
100

The corresponding density and wt% water of reconstituted or precipitated samples is also
calculated if not measured directly. The equations for density and water reconstitution are:

Reconstituted Density = [Density Centrifuged solids (%) X
100 - vol % solids
100 ]

vol % solids
100

+ [SpG Centrifuged liquid X

Reconstituted Weight % Water
wt% solids

= [Wt% water in solids X 100

y 100 - wt% solids
100 ]

] + [wt% water in liquid

Reconstitution is normally performed on a segment by segment basis, with a concentration
average calculated from the reconstituted segment results. If only composite data are available,
reconstitution may be done after the means of the centrifuged data are calculated.

Like the material balance calculations, process knowledge spreadsheets are used to calculate

reconstituted analytical concentrations. When values are reconstituted, they should no longer be
considered sample-based, but designated as process knowledge vectors (E).
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4.2.3.3 Entrained Solids

Entrained sludge particles may be present in the saltcake waste phase and saltcake particles in
designated sludge waste. The total inventory of these particles is included in the designated
phase for sample-based data and not reported separately because analytical methods such as acid
digestion dissolve saltcake and sludge together for analysis. Similarly, entrained solids may be
present in the supernatant as suspended solids. Entrained solids are not included and cannot be
quantified where model-based template values (TE) for specific waste types are used. In general,
the relative contribution of entrained solids is expected to have little overall effect on inventory
estimates. However, the BBI user should consider potential implications of this BBI limitation.

4.2.4 Waste Type Templates

Waste type templates are used to fill data gaps when no other information exists. The templates
describe the expected composition of a given waste type. Two types of information are included
in the templates: sample-based template estimates (TS) and HDW model-based estimates (TE).
The development of waste type templates and values used for each template are described in
RPP-8847.

Sample-based template concentrations are combined average sample results from two or more
tanks that contain a given waste type. Most templates are made up of average sample results
from several tanks. The solid waste type templates are based on the analysis of the solids
fraction of core sample segments and are considered to be indicative of waste layers drained of
free flowing liquid. In general, sample data are the basis for 23 of the chemicals, up to eight of
the radionuclides, and density and water content. Total Uranium, 22%240py, 2Am, and Gross
Alpha sample data were used to calculate values for 16 additional isotopes of U, Pu, Am, and
Cm. RSDs have been calculated for TS values in BBI.

The remainder of the chemicals and radionuclides are based on the Revision 5 HDW model
estimates (RPP-19822). The HDW model compiles fuel activity records, plant processing
records, and waste transfer records to estimate waste concentrations as of January 1, 2001. The
waste types defined in the HDW model are used in BBI. Templates include “0” values for an
analyte if the analyte was not generated in a process or is not expected to be present and if
sample results are “less than detect” values. Inventory values of “0” are only for templates and
calculations based on templates.

Multipliers are used to adjust template concentrations to the same density and water content basis
as sample results for each tank.

Liquid waste type templates are primarily model-based (TE) for both SSTs and DSTs. Liquid
templates for Al, A2, S1, S2, and T2 saltcake include sample data.
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43 COMPONENT DENSITY AND WEIGHT PERCENT WATER

The inventory for each waste phase may be estimated from a variety of sources as described in
the previous sections. This may include multiple sets of sample data, process estimates, or
template data. Each set of data may include a different density and wt% water based on sample
conditions and analysis. To reduce confusion, a single value is reported for each waste phase
and type based on the preferred set of data (referred to as the “Component Density”” and
“Component Wt% Water”). Other concentration data sets are generally normalized to this value
using a multiplier. These results are reported in the “Tank Density and Percent Water” report on
TWINS.

Weight percent water, if not measured directly, may be estimated from: (1) wt% solid analysis
(wt% water = 100 — wt% solids), or (2) weight loss transition data.

The component density and component wt% water for supernatants are adjusted to reflect water
additions or significant evaporation that has occurred since the sampling event. The mass
balance calculations assume that changes in the supernatant volume are entirely due to water loss
or addition (i.e. there is no significant change in liquid volume due to the changes in the analyte
concentrations).

44 WASTE VOLUMES

Waste volume is updated when waste is transferred into or out of a tank. Also, liquid volume is
adjusted if level measurements in a tank indicate a significant evaporation. Solids volume is
adjusted if new solids level measurements provide a more accurate estimate of the solids volume.

Waste volume is updated based primarily on liquid and solids level measurements. Level
measurements are available on the Surveillance Analysis Computer System (SACS), the
Surveillance Data Display System (SDDS), or taken from field measurement data sheets.

Tanks undergoing saltcake dissolution, sluicing, or other retrieval techniques may also require
special volume assessments. Direct transfer of solids or changes in volume due to dissolution or
solids formation may occur. These are evaluated on a case-by-case basis and take into account
various process information. Tanks that receive evaporator slurry may also require volume
reassessments if solids formation is documented (sludge level measurements).

441 Total Waste Volume

Waste surface level surveillance readings from SACS (i.e., ENRAF, manual tape, or liquid
observation well [LOW)]) are evaluated against other data to confirm the best total waste volume
estimate. Information is reviewed during the update process to ensure the most recent level data
has been considered. For tanks with liquid waste surfaces, the surface level measurement is the
best source of information. For tanks with solid surfaces, surfaces level readings do not always
provide the best waste volume estimate because of saltcake ledges, irregular surfaces, or
measurements in a surface depression. Other sources that may be used to determine average tank
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waste surface levels and waste volumes are shown in Table 4-1. The basis of total waste volume

used for each tank is described in the BBI derivation report.

Table 4-1. Waste Volume Data Types Available By Source (2 sheets)

Data Source

Type of Information

LA-UR-96-3860, 1997, Hanford Tank Chemical and Radionuclide
Inventories: HDW Model Rev. 4, Los Alamos National Laboratory, Los
Alamos, New Mexico.

Total Sludge Volume
Total Saltcake VVolume
Waste Types

Analytical Data calculation (Sludge and Saltcake)

Total Sludge Volume
Total Saltcake Volume

WHC-MR-0132, 1990, The History of the 200 Area Tank Farms,
Westinghouse Hanford Company, Richland, Washington.

Total Waste Volume
Total Solid Volume
Supernatant Volume

Core Recoveries

Total Solid Volume

RPP-5556, 2000, Updated Drainable Interstitial Liquid Volume Estimates for
119 Single-Shell Tanks Declared Stabilized, Rev. 0, CH2M HILL Hanford
Group, Inc., Richland, Washington.

Sludge Solids Volume
Saltcake Solids Volume
Interstitial Liquid Volume
Supernatant VVolume

HNF-2978, 2003, Updated Pumpable Liquid Volumes Estimates and Jet
Pump Durations for Interim Stabilization of Remaining Single-Shell Tanks,
Rev. 5, CH2M HILL Hanford Group, Inc., Richland, Washington.

Sludge Solids Volume
Saltcake Solids Volume
Interstitial Liquids Volume
Supernatant VVolume

In-tank photographs and/or video (letters detailing an evaluation of these may
also have been written)

Presence of supernatant
Surface variations information

Interim Stabilization letters

Total Solid Volume
Total Interstitial Liquid Volume

PNNL-13000, 1999, Retained Gas Sampling Results for the Flammable Gas
Program, Pacific Northwest National Laboratory, Richland, Washington.

Retained Gas Volume

Personal Computer Surveillance Analysis Computer System (PCSACS)
surface levels (ENRAF)

Total Waste Volume
Solids Level

PCSACS surface levels (Neutron)

Total Waste Volume
Interstitial Liquid Height

PCSACS surface levels (Gamma)

Total Waste Volume
Interstitial Liquid Height

SD-WM-TI-302, 1987, Hanford Waste Tank Sluicing History, Rev. 0,
Westinghouse Hanford Company, Richland, Washington.

Sluicing information used to
correct LA-UR-96-3860 in some
cases

Zip cord reading, sludge weight reading

Total Waste Volume
Total Solid Volume

Densitometer

Solids Level

Post-retrieval documentation of Video Camera/Computer-Aided Design
Modeling System (CCMS) or volume displacement methods for waste
volume estimates.

Waste volume

Historically, surface levels were converted to volumes using the following equations.

For DSTs and flat bottom 100 series tanks in AX and A Farm:

Waste Volume (gal) = 2750 gal/in. X Surface level (in.)
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For 100 series tanks in B, BX, BY, C, S, T, TX, TY, and U Farms (i.e., tanks with a
12 in. [approximately 12,500 gal] dished bottom):

Waste Volume (gal) = [Surface level (in.) -12 in.] X 2750 gal/in.+ 12,500 gal

Note: This equation is for the surface level based from the bottom center of the
tank.

For the SX Farm tanks which have a 14.9 in. dished bottom and a dish volume of
18,500 gal:

Waste Volume (gal)
= [Surface level (in.) -14.9 in.] X 2750 gal/in.+ 18,500 gal

For the 200 series SSTs:
Waste Volume (gal) = [Surface level (in.) - 6 in.) X 196 gal/in.+ 590 gal

The preceding equations have historically been used for tank surface level to volume conversions
(HNF-2978 and HNF-EP-0182, Waste Tank Summary Report) and have been determined to be
sufficient when the tank waste volume is above the dished region. However, these equations do
not take into account dish volume variability based on the radius of the bottom knuckle region of
the tank, nor when the waste extends above the cylindrical part of the tank into the dome region.
This variability could be significant for dished tanks with small volumes of waste such as the 200
series tanks or single-shell tanks that have been retrieved. Some total waste calculations are
adjusted to account for this variability. RPP-13019, Determination of Hanford Waste Tank
Volumes and its replacement, SVF-1770, “Waste Volume Calculator,” provide a more precise
estimate for this lower region. For current and future BBI updates, SVF-1770 shall be used to
calculate the volume of waste.

4.4.2 \Waste Phases

One or more of the following phases are assigned to the waste in each tank: supernatant, sludge
solids, sludge liquid, saltcake solids, saltcake liquid, drained voids, and retained gas. More than
one supernatant layer may be present in a tank. More than one supernatant volume may be
reported if volume and concentration data are available to calculate inventories of the individual
layers. If the supernatant layers have the same waste type, the waste layers are distinguished by
adding “upper (liquid),” “middle (liquid),” or “lower (liquid)” to the waste type {e.g., NA Upper
(liquid)}. For most tanks, sludge solids and sludge liquids are combined into a total sludge
phase. Saltcake solids and saltcake liquids are also combined into a saltcake phase for many
DST tanks.
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Total volume of solids are determined based on the following information in order of priority.
Total waste and total solids are the same if no supernatant is apparent based on previous
stabilization records, tank videos/photographs, or waste samples:

1.

Sludge weight, zip cord, densitometer, ENRAF surface level instruments operated in
densitometer mode, and ball rheometer measurements are used, if available, to determine
the level at which solid material is found in the tank. Densitometer and ball rheometer
measurements reflect the top of the density transition between supernatant and solid
material (“soft sludge”), whereas slack tape reading from sludge weights or zip cords
measure the lower edge of this transition region (fully compacted or “hard sludge”).

Additionally, solids levels determined from sludge weights or zip cords may be reported
as “first resistance” or “first contact”, which will be interpreted as “soft sludge”
measurements for BBI purposes. When readings corresponding to both “soft” and “hard”
sludge are available, the average will be used for the BBI as this best corresponds to the
bulk density and mean concentrations used in calculating chemical and radionuclide
inventories. If readings are only available for the top or bottom of the transition region,
the readings will be used without adjustment as there is significant variability in the
observed differences between “hard” and “soft” solids readings for only a limited number
of tanks (all of which have received recent waste transfers).

If sludge level measurements are not available, lengths of core segments are evaluated to
assess the liquid/solid interface.

LOW neutron or gamma readings or temperature profiles may also be used to estimate
solid levels in a tank.

For waste transfers known to include solids, transfer data may be available to estimate the
changes in the solids inventories of the sending or retrieving tank. In this case,
assumptions must be made about the properties and settling characteristics of any newly
formed solids layers.

Lacking any other information, waste transfer histories in LA-UR-96-3860 and
WHC-MR-0132 are used as a basis for total solids estimates.

For tanks containing supernatant, the supernatant liquid volume is calculated as the difference
between the total waste volume and solids volume. It may also be estimated following interim
stabilization based on tank videos/photographs when surfaces are uneven or liquid exists in pools
on the surface. When more than one supernatant layer is present, volumes of the individual
layers may be estimated based on waste transfer material balance.

Note: Notify responsible SST Retrieval and Closure Project personnel prior to any changes in
SST supernatant volumes which could potentially alter the interim stabilization status as reported
in HNF-SD-RE-TI-178, Single-Shell Tank Interim Stabilization Record.
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443 Retained Gas

Measured retained gas fractions are subtracted from the solids volume. Retained gas volumes
are included for 10 tanks for which retained gas measurements were made (241-A-101,
241-AN-103, 241-AN-104, 241-AN-105, 241-AW-101, 241-S-102, 241-S-111, 241-SY-101,
241-U-103, and 241-U-109). Retained gas data were also available for tanks 241-AX-101,
241-BY-109, 241-S-106, and 241-SX-106, but were not used in the BBI because of the small
volume. The retained gas volume is determined by multiplying the measured fraction of retained
gas (PNNL-13000) by the saturated solids volume in which it was measured. The retained gas
fraction is a measure of gas bubbles in the waste and was as high as 20 percent. Tank
241-SY-103 did not have retained gas directly measured, but the content is estimated in
RPP-10006, Methodology and Calculations for the Assignment of Waste for the Large
Underground Waste Storage Tanks at Hanford Site. Retained gas does not include air voids in
the unsaturated portion of the tank. The retained gas volume is subtracted from the saltcake
and/or sludge volume. Inventory estimates for gas are not included.

Retained gas measurements were directed by the Flammability Program and confined to those
tanks expected to retain the largest fraction of gas. Other tanks are expected to contain smaller
fractions of retained gas. Gas estimates based on barometric pressure readings have been made
for DSTs, but for purposes of the BBI, these values were excluded. No reduction in volume or
corrections to laboratory-measured density was made for retained gas. Consequently, except for
the tanks where retained gas was measured, inventory estimates for tanks that may contain
retained gas may be biased high.

When waste is transferred from a tank, as in saltwell pumping, it is assumed that the fraction of
retained gas remains constant below the saturated level of the waste. Above the saturated level,
the retained gas is dissipated and the gas volume is assumed to be “zero.”

4.4.4  Saltcake/Sludge Designations

Solids are designated as sludge or saltcake. A formula, based on the ratio of key soluble analytes
to key insoluble analytes, is used for the designation. The formula is:

Ratio of key soluble to key insoluble analytes
K + Na

TAl+Bi+Fe+Ca+Mn+Lla+Ni+Si+U-+2Zr

The concentrations of analytes listed in the formula are the average of primary, duplicate, and
triplicate laboratory analyses. Comparisons are made for each grab sample, core segment, or
partial segment. Ratios below 2.5 are designated sludge and ratios above 2.5 are designated
saltcake. When the ratio is 2.5, the solids are designated based on the nearest core segments or
grab samples. “Less than detect” results are not used in saltcake/sludge ratio calculations. Note:
the sample descriptions (e.g., wet sludge, moist salt, etc.) in core profile diagrams are based on
visual properties of the samples and may differ from the waste phase determined from analytical
assessments.
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For some tanks, core samples were not taken or waste was composited, therefore, saltcake or
sludge designations could not be made based on samples. Also, many SSTs are believed to
contain a thin sludge heel layer in the bottom of the tanks, but samples were not collected from
this level. In these cases, the volume of saltcake and/or sludge may be based on waste transfer
records (LA-UR-96-3860 and WHC-MR-0132). The saltcake volume was then determined as
the difference between the total solids and sludge volume estimate.

445 Waste Types

Solids waste types are based on tank waste transfer information (LA-UR-96-3860) or sample
results. When available, sample results are compared to the concentration estimates for the
HDW-defined waste types that are identified for the tank. Results often indicate that the
individual samples or core segments consist of more than one waste type. On rare occasions,
layering can be distinguished based on analytical differences or physical appearance of samples.
When analytical data show different layers, sample results from each layer are used to calculate a
set of means for that layer. Otherwise, all the samples are used to represent all waste layers
intersected by the samples. The following rules are followed in determining the waste types in a
tank.

e Only HDW waste types (RPP-19822) are used. Waste type designations are listed in the
solids and liquid template files on the StdInv share drive.

e The designation of waste types is needed for the generation/selection of template-based
concentrations.

e Waste types identified in the previous BBI are generally not changed unless reviewers
identify an error in waste type designations when compared to transactions histories or
new analytical results. Changes in waste type designation from LA-UR-96-3860 are
documented in the Best-Basis Derivation report.

e |f the HDW waste types no longer apply to a tank (e.g., the supernatant is a mixture of
waste from several sources), no waste type is specified. Allowable nomenclature for
unknown or unspecified waste types are: NA for retained gas, NA (Liquid) for
supernatant or interstitial liquid, NA (SItCk) for saltcakes and NA (Sludge) for sludge
layers. Note that there could be multiple layers in a tank with the same unspecified waste
type. There can also be multiple layers in a tank with the same waste type from different
sources (e.g., 1C From C-107, 1C From C-108).

The volume of each waste type is based on correlation of core sample elevation with analytical
data, transfer history, or on the volume ratios in LA-UR-96-3860 if lacking other information.
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4.4.6 Interstitial Liquid

Saltcake or sludge drainable liquid volumes are determined as a fraction of the total saltcake or
sludge volume by multiplying the saturated solids volume by the drainable porosity estimate.
The BBI liquid volumes include liquid in the capillary region based on the drainable porosity.

The saturated solids volume is the volume of waste below the liquid level within the solids
matrix as measured in a LOW using a neutron probe. If a LOW is not available, dip tube
measurements obtained after saltwell pumping are used for many tanks. Dip tube measurements
are corrected to include capillary height within the waste. Capillary heights are assumed to be

6 inches in a saltcake and 24 inches in a sludge.

Drainable porosity is calculated by dividing the volume of liquid pumped from a tank by the
interstitial liquid draw down volume measured after the liquid level equilibrates. The liquid
draw down level is determined from dip tube or LOW readings. Drainable porosity values for
different tanks are available from several sources. For tanks interim stabilized after

January 1, 2000, an interim stabilization letter for that tank is used for tank waste volume and
waste porosity information. For unstabilized SSTs, HNF-2978, Updated Pumpable Liquid
Volume Estimates and Jet Pump Durations for Interim Stabilization of Remaining Single-Shell,
provides drainable porosity estimates. For SSTs stabilized before January 1, 2000, drainable
porosity estimates are taken from RPP-5556, Updated Drainable Interstitial Liquid Volume
Estimates for 119 Single-Shell Tanks Declared Stabilized. Average drainable porosity estimates
presented in HNF-2978 are used for DSTs and any SST where tank-specific calculations are not
presented in RPP-5556. The average drainable porosity values are 24 percent for saltcake tanks
stabilized by jet pumping and 17 percent for sludge tanks. Core sample recovery information is
not used to estimate porosity.

The following guidelines are used for determining the drainable interstitial liquid volume.

SSTs interim stabilized after January 1, 2000:
1. Use volume and porosity from interim stabilization letter.

2. If liquid volume is based on dip tubes, BBI interstitial liquid volumes should include an
added capillary volume.

SSTs stabilized prior to January 1, 2000:

1. Use drainable porosity from RPP-5556 if traceable to measured saltwell production
volumes and liquid levels. Otherwise use interim stabilization evaluations (HNF-SD-RE-
TI-178). If neither the RPP-5556 or HNF-SD-RE-TI-178 estimate is credible, the
default drainable porosities for saltcake and sludge should be used. Notify responsible
SST Retrieval and Closure Project personnel prior to any changes which could potentially
alter the interim stabilization status as reported in HNF-SD-RE-TI-178.

2. Use liquid level measurements for the date of interim stabilization, with LOW neutron
monitor measurements preferred because the readings will include the capillary
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height. The liquid level measurement should be near the date of interim stabilization
because the porosity can change with time due to waste compaction, drying, cooling,
chemical adjustments, or buildup of retained gas. Normally, a neutron monitor
measurement should be no later than three months after interim stabilization, but this time
can be extended if the readings appear stable. Dip tube measurements should be used if
suitable neutron monitor measurements are not available. A capillary height must be
added if the liquid level is based on dip tube measurements.

3. If no liquid level data were available near the date of interim stabilization (usually applies
to tanks which were not saltwell pumped), data from later LOW installations may be
used.

4. The liquid level for some tanks may exhibit a relatively rapid liquid level increase
followed by a steady, more gradual increase. The rapid increase should be interpreted as
drainage of interstitial liquid from the upper region of the waste and this volume needs
to be included in the drainable interstitial liquid volume. Straight lines should be
separately fit to the initial increase and the later gradual increase. A neutron monitor
reading near the intersection of the two lines will be selected as the best representation of
the tank liquid content.

Measurements from LOWSs installed after January 1, 2002 should be used for interstitial liquid
level determination only if no prior data are available. These LOW readings should be used for a
second surface level measurement only if the indicated liquid level is higher than the surface
level measurements.

For DSTs, both sludge and saltcake waste phases represent the combined liquids and solids
unless sample data for the drainable interstitial liquid are available. If sample data are available,
the sludge and/or saltcake are split to the drainable liquids and solids. In many cases, a separate
drainable liquid is not observed during extrusion of saltcake or sludge samples. However, the
sample may be centrifuged, with the centrifuged solids and liquids analyzed separately. In these
cases, the liquids and solids may be reconstituted to represent the waste (non-drainable) as it
exists in the tank, or interstitial liquid may be based on centrifuged data.

For SSTs, interstitial liquids often drained from the saltcake in the laboratory and the liquids and
solids were analyzed separately. Separate saltcake liquid and solids inventories are generally
reported. However, because sludges rarely drain in the laboratory, concentration estimates are
not usually available, separate sludge liquid inventories are not calculated, and the sludge sample
analytical results represent the total sludge solid/liquid matrix. When a separate inventory for
sludge liquid is not made, sludge drainable liquid volumes are estimated and included in the BBI
derivation report.

45 BBI UPDATE PROCESS STEPS

The BBI is updated for tank waste transfers, new sample data, waste type template updates, and
other miscellaneous reasons. These are described below.
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The BBI is updated quarterly to reflect tank waste transfers in the previous quarter. Tank waste
volumes and inventories are subtracted from the transfer tank and added to the receiver tank
(refer to previous section). The new information is entered into the BBIM tool and inventories
are recalculated.

When new sample data become available, the data are reviewed by using the sample data review
checklist (Appendix C). The statistical means and variance of analytical data are calculated and
the results added to the BBIM radio button report. If the new data are preferred per the data
selection rules in Section 4.2, the new values are selected and the BBIM tool calculates the
revised inventories.

The templates described in RPP-8847 may be changed because of new sample data or changes in
model estimates. RPP-8847 will be revised per TFC-ENG-DESIGN-C-25, “Technical
Document Control” before incorporating new template results to BBI.

Any BBI user may submit a request to change the BBI based on evidence that the current
inventory may have inaccuracies or inconsistencies. The request may impact the inventory for
one tank, multiple tanks, or the global inventory. The requested change is reviewed to determine
whether the change should be incorporated to the BBI. The steps of the update process are listed
in TFC-ENG-CHEM-P-53, “Best-Basis Inventory Evaluation” and is summarized in Table 4-2.
Exceptions to these steps are documented in the BBI derivation report.

Table 4-2. BBI Process Steps. (2 Sheets)

Responsibility Task

1. BBI Lead Identify tanks to update and assign an author and reviewer for each
BBI to be updated.

2. Author Review current BBI derivation report and electronic reports in
TWINS.

3. Author For an update involving a waste transfer, obtain new volume
information. If no new sample data, skip to step 7.

4. Author or Review new data by completing the data review checklist in

designee Appendix C.
5. Author Determine the approach for calculating means for sample results (i.e.,

identify which segments to include in a phase, which analytical
methods to use, etc.).

6. Author or Calculate new sample means and confidence intervals.
Statistician
7. Author For means calculated using the AutoStat tool, if new concentration

vectors are needed, generate BBI sample vectors using the
AutoVector tool. The AutoVector tool is available via the web based
interface on BBIM.
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Table 4-2. BBI Process Steps. (2 Sheets)

Responsibility

Task

8.

Author

For process knowledge vectors (material balance or waste
reconstitution spreadsheets), generate a spreadsheet documenting
calculations and metadata. Blank process knowledge (PK) vector
spreadsheets are available in the “Waste Type Templates” folder
under “BBI” on the StdInv shared drive. In-process spreadsheets for
selected tanks are available from previous BBI update files in the
“Tank Updates” folder under “BBI” on the Stdinv shared drive.
These are preferred, if available. Add columns to an existing sheet as
needed and resave with a new name for the new quarter. Include
notes in the spreadsheet as needed to document the source of
information used for calculations.

Submit completed PK spreadsheets to the assigned reviewer. Copy
the BBI lead.

Spreadsheet
Reviewer

Review spreadsheets using TFC-ENG-DESIGN-C-10. The BBI
spreadsheet checklist may be used as a supplemental aid in the
spreadsheet review.

10.

Author

Make changes to the radio button report for each waste phase (see
Section 5.2.1 “BBIM Reports™) to add new concentration
information.

11.

Author

Redline current BBI derivation report and update with new
information. Save revised BBI derivation report to new name.

12.

Author

Update BBI by using the BBIM tool to reflect the BBI derivation
report. Also load draft PK vector spreadsheets and draft BBI
derivation report to “Tank Updates” folder under “BBI” on the
StdlInv shared drive for the selected tank and quarter.

13.

BBI Reviewer

Review the draft BBI derivation report and BBIM reports and
complete the independent BBI review checklist (Appendix B) in
“Checklists” subfolder of “Guidance” under “BBI” on the StdInv
shared drive. Resolve comments with the author.

14.

Author

After resolving comments from the BBI reviewer, issue the BBI
derivation report. Release associated spreadsheets per

TFC-ENG- DESIGN-C-10. If retrieval operations or waste transfers
altered the HTWOS water wash or caustic leach factors, calculate
new wash/leach factors and update the factors using a data deficiency
form (DDF).

15.

BBI Lead

Post final electronic BBI derivation report and “Pending Changes”
file to the “TIR” folder on the StdInv shared drive.

16.

BBI Lead

Review checklists, ensure update is complete, and approve update

17.

BBI Lead

Send e-mail with attached “Tank Comparison” report (see Section
5.2.1), saved with a file name containing the words “Pending
Changes,” and updated BBI derivation report of approved BBI
updates to BBI customers identified by the manager.
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Table 4-2. BBI Process Steps. (2 Sheets)

Responsibility Task

18. BBI Lead Publish changes and load updates to TWINS. If requested for a
project, BBI may be published more frequently. However, BBI
Customers must be notified prior to publishing changes to TWINS.

19. BBI Customer Send any questions to the BBI lead via e-mail.

20. Author/BBI Respond to customer questions via return e-mail
Lead

Note: HTWOS = Hanford Tank Waste Operations Simulator, PK = Process Knowledge

4.6 REVIEW AND CROSSCHECKING BBI RESULTS

The primary crosscheck for BBI results is to compare tank-specific calculations with global
inventory estimates (i.e., sum of tanks). Any tank radionuclide inventory that is >10 percent of
the tank inventory sum (see Best-Basis Summary report) is evaluated to verify that the proposed
inventory is reasonable based on knowledge of waste streams and expected waste concentration.
After revised templates are loaded to the BBIM, new tank inventories are compared against the
Oak Ridge Isotope Generation and Depletion Code (ORIGEN2) plant totals (adjusted for 3H,
14C, 99T¢, and 21 losses and 2°Sr/*3'Cs recovered/stored at Waste Encapsulation and Storage
Facility [WESF]) (RPP-13489).

Other crosschecks (listed below) are also performed to ensure material balances and
radioisotopic relationships are maintained. These comparison checks are made in the BBIM
Tool (“Inventory Checks” report). Further evaluation is performed when a crosscheck criterion
IS not met.

e Uranium balance check: The elemental uranium (UtotaL) value should be comparable to
the sum of U isotopes expressed in mass units.

e 23U check: The ?®U mass should be less than 1% of the sum of the U isotopes inventory
mass.

e 28 check: The 238U mass should be between 99 and 100% of the sum of the U isotopes
inventory mass.

e 28py check: For most tanks, the 28Pu total inventory activity should be between 0.3 and
15% of the sum of the 2%*Pu and 2*°Pu inventory activity.

e 299py check: The 2%Py total inventory mass should be 1-8% of the sum of Pu isotopes
inventory mass.

e Thorium check: The 2*2Th inventory should be equivalent to the reported Th inventory.
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e Oxalate check: The total oxalate carbon content (ratio 24/88) should be less than the total
TOC inventory.

e Miscellaneous isotope ratios: Verify ratio of ¥’ mBa to *’Cs (0.944), °°Y to *Sr (1.0),
and ™*Eu to **°Eu (0.8 - 11).

e Check for negative inventories: Check for any inventories that are less than zero.

e Mass balance check: The mass of all BBI analytes should be approximately 85 -115 % of
the total mass. The mass of the BBI analytes is equal to:

The sum of standard BBI analyte conc - [0.273 X oxalate conc]

17.01 16 +17.01

+ [Al conc X 26.98 X 3]+ [Feconc X (

16
m X 2] + [ZT conc X
+ [component wt% water X 10%]

+ [Si Conc X 91224

The mass balance check uses only standard BBI analytes in the calculation. The Al, Fe, Si,
and Zr components in the above formula account for the mass of oxygen and bound
hydroxide likely to be associated with these solids.

5.0 BBIDEVELOPMENT TOOLS AND REPORTS

Figure 5-1 identifies development tools used in BBI. This section discusses each of the tools and
describes BBI reports.
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Figure 5-1. BBI Development Tools

5w Model TWINS/TCD
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< AutoStat / Means Tool
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Templates AutoVector Tool
Spreadsheets > BBIM

l

TWINS/BBI Reports

5.1 BBIDEVELOPMENT TOOLS

511 TWINS/TCD

TWINS provides access to a wide variety of Hanford Site waste tank databases and data sources,
and to a number of related websites. The TWINS website is organized as a library, providing the
user the ability to navigate by various means: by browsing through different "systems" within
TWINS, browsing by media type, or performing a search that spans all systems to locate any
item of interest. User Guide information and Help is provided to assist in the operation of each
screen. The TWINS home page is shown in Figure 5-2. TWINS allows users to query and
retrieve data from multiple relational databases. Data are returned and loaded into Microsoft®
Excel®®. BBI reports are on the “Best-Basis Inventory” menu item.

! Microsoft® and Excel® are registered trademarks of the Microsoft Corporation, Redmond, Washington.
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Figure 5-2. TWINS Home Page

Tank Waste Information Network System

Quick Links Best-Basis Inventory HTWOS  Level/Temp  Sample Analysis  Source Term  Tank Transfers  Vapor
TWINS Home TWINS
Characterization Reports Welcome to the Tank Waste Information System (TWINS) Home Page. This website provides access to several different
RPP-7625 heterogeneous databases including:

Miscellaneous * Best Basis Inventory

Make Data Inquiry + Measurements (Surveillance Analysis Computer System)

Make Webpage Inquiry + Tank Characterization

Related Sites p
* Vapor
Hanford Intranet Home TWINS is operated and maintained by the Pacific Northwest National Laboratory for Washington River Protection

Solutions. Anyone who has a PNNL or HLAN account has access to this site. Other persons who reguire access to
TWINS data may do so by requesting authorization to TWINS via an external website. Requests may be made to
DOE Reading Rcom matthew_rodgers@ri.gov or call (509) 376-2993.

Historical and Technical Info

Sacurity & Privacy

512 HDW Model

The HDW model is composed of four parts:

1. Compilation of transaction records up to January 1, 1994 for all of the tanks - called the
Waste Status and Transaction Record Summary (WSTRS);

2. Derivation of solids in each tank based on the history of primary waste additions - called
the Tank Layer Model (TLM);

3. Calculation of supernatant blending and concentration — called the Supernatant Mixing
Model (SMM); and

4. Derivation of compositions for about fifty Hanford Defined Waste types based on waste
generating process knowledge and transaction records.

This information and Hanford Site irradiated fuel and separation plant process records (defined
using the ORIGEN2 model, RPP-13489) are combined together in a spreadsheet format to
produce total chemical and radionuclide compositions by waste type. Results of the HDW
model are documented in RPP-19822. These estimates comprise 33 nonradioactive species, four
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properties (density, water wt%, TOC wt%, and sludge void fraction), and 46 radionuclides. The
33 nonradioactive species in the model are Na, Al, Fe, Cr, Bi, La, Hg, Zr, Pb, Ni, Sr (stable), Mn,
Ca, K, OH, NOs, NOg2z, COs, PO4, SO4, Si, F, Cl, citrate, N-(hydroxyethyl)-
ethylenediaminetriacetic acid (HEDTA), ethylenediaminetetraacetic acid (EDTA), glycolate,
acetate, oxalate, dibutyl phosphate (DBP), butanol, ammonia, and ferrocyanide. However, some
of the model estimates (OH, COs, NHs, CN, and organic compounds) are considered unreliable.

The forty-six radionuclides and radioactive species are: 3H, *C, >°Ni, ®Ni, ®°Co, "°Se, %°Sr, 9,
93Zr, 93mNb, 99TC, 106Ru, 113mCd, 125Sb, 1268n, 129|, 134CS, 137CS, 137mBa, 1513m1 152Eu, 154Eu,
lSSEU, 226Ra, 228Ra, 227AC, 231Pa, 229Th, 232Th, 232U, 233U, 234U, 235U, 236U, 238U, U'Total (M),
BTNp, 28py, 29y, 240py, 241py, 242py, Pu-Total (g/L), 2*Am, 22Am, 222Cm, 24°Cm, and 2*/Cm.
Note that ®°Y and *’mBa are both short-lived daughters of °Sr and *3Cs, respectively, and that
total Pu is calculated as g/L and total U as mol/L. The five radionuclides H, 1*C, **Ni, ®Ni, and
®0Co are formed primarily by activation. Tritium (*H) can also be formed as a fission product
fragment. The half-lives and specific activities of radionuclides are based on Parrington et al.
1996. Radionuclides in the HDW Model were decayed to January 1, 2001.

The HDW model values are used in BBI to fill gaps in templates where sample data do not exist
for a waste type or analyte and as a check for “global” inventories. The BBI Template values
use the waste type composition information (see bullet 4 above) from the HDW model. This is
utilized because of extensive changes in waste volume estimates since January 1, 1994, and
because recent data show that some of the waste types in the HDW model were improperly
allocated to specific tanks. The waste type composition portion of the HDW model was revised
to reflect new information obtained since the last revision. This was issued as HDW Revision 5
and was incorporated into BBI templates to account for new information obtained since the last
revision. Tank farm transactions were not changed in this revision. Also, Revision 5 of the
HDW model still uses waste transaction information only through January 1, 1994. The revision
includes (1) incorporation of ORIGEN?2 fuel activity estimates (RPP-13489) updated to current
neutron capture cross sections for actinides and important activation products, fission product
half-lives and specific activities, fission product yield values, and fuel and cladding impurity
history; (2) calculation of losses of tritium to the soil column, **C, and *?°I to the atmosphere, and
9T ¢ with uranium shipments; (3) update of the distribution of radionuclides to various separation
plant waste streams; and (4) update to the waste solubility data. It did not include an update to
the individual tank inventory estimates.

5.1.3 Waste Type Templates

Waste type templates are discussed in Section 4.2.4. Specific template values are programmed
into the BBIM on TWINS and derivation is documented in RPP-8847.

5.1.4 AutoStat Means Generation Tool

The AutoStat tool is a TWINS support application used to calculate means and confidence
intervals for new sample data. This application was implemented in July 2004. It allows the

39



RPP-7625 Rev. 12

BBI author to group data for statistical calculations and to automate the statistical process. It
also provides a direct electronic link to create sample vectors in the BBIM Tool.

Statistical softwares may also be used to calculate means and confidence intervals for special
circumstances. These include when data requires weighting to account for layering or when data
are not available from the TCD.

5.1.5 Auto Vector

Auto Vector is an electronic interface on TWINS support applications to create new
sample-based vectors in the BBI. The form is formatted to facilitate entry of the data into the
BBIM including sample-based concentration and uncertainty information. After being
completed, the new auto vector is entered into the BBIM. It also allows selection of preferred
data if multiple analysis methods were used.

5.1.6 Process Knowledge Spreadsheets

Material balance and solids reconstitution spreadsheets are discussed in Section 4.2.3.

5.1.7 Best-Basis Inventory Maintenance Tool

The BBIM is a computer database application with built-in calculations that are used to estimate
the chemical composition of the Hanford Site tank wastes. The BBIM tool is used to facilitate
calculations, store information, and input inventories to TWINS. The BBIM is described in
RPP-5945, Best-Basis Inventory Maintenance Tool (BBIM) Database Description and Users
Guide.

The BBIM System consists of several major components as described in Table 5-1. These
components work together to provide the ability to enter data, review the calculated results,
publish data into the public view via TWINS, run predefined queries and reports, and create
ad hoc queries in support of ongoing site operations such as waste retrieval and treatment.
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Table 5-1. BBIM System Components.

Component Description

BBIM database Structured Query Language (SQL) Server working database
where data are entered and calculated results are reviewed and
approved prior to publication in the public domain. This database
contains the database integrity logic, and the best-basis
calculations and dependency logic. A limited access web-based
interface is the primary user interface for entering data into this
database.

BB_Published database | SQL Server database where the BBIM inventories and other
subsets of the BBIM database needed for reporting are stored
when a tank is published. A limited access web-based interface is
the primary user interface for entering data into this database.

Web Based BBIM User interface used the BBI authors/reviewers to enter input data,
Interface check calculated results, review data, produce reports in the
BBIM database, and compare changes to published data. It is
also used to control, document, and record the publication of data
to the BB_Published database. Note: Access is limited to BBI
authors.

The BBIM relational database structure was designed to represent the structure of the tank waste.
This was done to provide the best ability to describe tank waste, and to develop queries and
reports in support of tank waste analysis and tank farm operations. Figure 5-3 depicts the
structures and relationships used in the BBIM.

The BBIM uses vectors and a radio button report to document the origin of the fundamental
parameters used to derive the inventories. A vector contains a set of concentrations and density
for named analytes. It also contains a description for a particular data set which may be based on
samples, process knowledge, or template.
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Figure 5-3. Physical Waste Representation in BBIM
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waste type for a particular tank. Each tank may contain a unique combination of sample vectors
and templates.

** Template Vector — Combination of concentration sample data and HDW Model estimates for a
given waste type.

The inventory of a constituent (C) (in kg or Ci) is calculated by the BBIM using the following
formulas.

Inventory(C) = Conc.(C) X Rho X Vol x Mult x UnitAdj[solid units of concentration]
Inventory(C) = Conc.(C) X Vol X Mult x UnitAdj[liquid units of concentration]
Inventory(C) = Conc.(C) X MW(C) X Vol x Mult » UnitAdj{molar units of concentration]

where:

Rho = the density of the Vector in grams per milliliter,

Vol = the volume of the waste Component (in kL),

Conc. = the constituent concentration in that waste component,

UnitAdj = Adjustment factor to compensate for unit conversions (e.g., .001 kg/g),

Mult = Multiplier used to adjust a vector to a standard wt% water and density or
adjust for evaporation, etc. — typically equals 1 except for templates, and

MW = the molecular weight of the constituent.
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Because the density of the vector is used in each inventory calculation, a different density may
appear for different analytes. To reduce confusion, a report was generated identifying a single
preferred density and wt% water for each waste phase in a tank. This preferred data is referred
to as the “component density”” and “component wt% water.”

The multiplier is used to adjust vector concentrations to account for the modification of a
specific parameter. It is typically used to adjust template analyte concentrations when

wit% water or density for a waste type template differs from wt% water or density sample results
for a selected tank. Template multiplier calculations are performed as described in section 4.1.1,
“Multipliers.”

5.2 BBI REPORTS

BBI reports consist of working (draft) copies in the BBIM tool and issued copies on TWINS.

521 BBIM REPORTS

Reports in the BBIM tool are working copies of in progress (draft) BBI updates, and are only
available to BBI authors and reviewers.

e Calculation Detail. Shows the details of the calculations used to compute the inventory
for each tank/waste phase/constituent combination. Similar to the TWINS calculation
detail report, but a working copy for in process updates.

e Tank Comparison Report. Provides the published inventory value and the pending
BBIM inventory value by analyte and the relative percent difference (RPD) between the
two values, any comment to be published, and the associated change log number.

e Waste Component Reports. Include “Radio Button Report” as well as “Inventory” and
“Component, Vector and Inventory Data” reports. The Radio Button Report identifies
which concentration value was selected for each analyte by waste phase/type to generate
the analyte inventory. Analytes are generally shown in their original reported units,
though some sample data may have been reconstituted or converted from dry to wet
weight basis. A second report “Radio Button Report (Std Units)”” was developed to
provide the same information as above, but all analytes are converted to a single set of
units (ng/g), and all radionuclides are decayed to a common date. This second report
allows for easy comparison between data sets.

e Inventory History. Allows review of inventory by waste phase/analyte for a selected
publication date

e History Changes. Provides side-by-side comparison of total inventory, by analyte, for
each publication date.

43



RPP-7625 Rev. 12

Tank Summary. This report is accessed through the “Data Entry/BBI Updates” under
“Tank Reports.” It shows the volumes, vectors, waste types, and waste phases for each
tank. Vector density, multipliers, and overall waste phase density and wt% water are also
shown. The summary is similar to a table in the recent BBI Derivation report. It also
provides the vector used for isotopic ratios used to distribute alpha and europium
isotopes.

Total OH Inventory. Provides a rough crosscheck of the current BBI by estimating
hydroxide inventory in a tank using a charge balance. This check is considered
acceptable if the bound hydroxide inventory is positive.

Inventory Checks. Summarizes data used for many of the inventory checks specified in
Section 4.6.

These reports, inputs to generate the reports, and BBIM process control are described in more
detail in RPP-5945.

522

TWINS REPORTS

Best-Basis Derivation report. Documents the data sources, assumptions, and
methodology used in BBI preparation. This is a stand-alone document and is the only
report that is generated outside the BBIM tool. The report includes a summary table
showing waste phases, waste types, sources of information used for a tank (vectors),
waste type density, multipliers used, and waste volume. The report then describes
derivation of information presented in summary table and includes discussion of
exceptions to BBI protocol rules, unique data calculations, and primary changes since the
last BBI update. It also provides the “effective date,” i.e., the cutoff date for
incorporating new information. These report are accessible via IDMS and can also be
found on TWINS under the “Characterization Reports” tab.

Calculation Detail Report: Microsoft® Excel® file showing inventory, concentration,
density, uncertainty, and calculations by waste phase and analyte for “Standard BBI
analytes.”

Calculation Detail Report - Supplemental Analytes: Excel file showing inventory,
concentration, density, uncertainty, and calculations by waste phase and analyte for
available “Supplemental BBI analytes” (the current listing of Supplemental BBI Analytes
is provided in Table 3-2). Supplemental analytes are only sample-based or process
knowledge values calculated from combined sample results with two exceptions:

(1) total PCB inventories are calculated for all waste phases using default concentrations
if sample data are not available and (2) free OH inventories are calculated for all waste
phases using one of several methods.

Calculation Detail Report — Miscellaneous Tanks: Excel file showing inventory,
concentration, density, uncertainty, and calculations by waste phase and analyte for
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miscellaneous tanks (e.g., 244-BX, 244-S, 244-TX). Model estimates are not available
for these tanks, so inventories for all BBI primary analytes may not be reported.

e Waste Type Volume by Tank: Shows the volume of each best-basis waste type by tank.

e Best Basis Summary: Excel file that presents total inventories (kg or Ci) for standard
BBI analytes for all tanks.

e Best Basis/TCR Tank Inventory: Excel file that presents total inventories (kg or Ci) for
standard BBI analytes by tank and analyte.

e Tank Density and Percent Water: Excel file that identifies the preferred assay or
estimate of the density and percent water for each waste phase and waste type in a tank.

e Change Control Status: This query provides users with a summary of previous and
current changes to the best-basis data set contained in TWINS.

e Specific Activities for Constituents: Excel file showing the specific activity used in
BBI of each radioisotope (measured in Ci/g of isotope). These are used in the conversion
of mass spectrometry data from pg/g to uCi/g, and pg/mL to pCi/mL.

e Wash Leach Factors: Excel file showing wash and leach factors currently used in the
Hanford Tank Waste Operations Simulator (HTWQOS) model by waste tank and analyte.
The factors are not used for the BBI directly.

The TWINS reports are accessed via the data portion of TWINS, with one exception. Recent

best-basis derivation reports that document the BBI preparation are available via the
”Characterization Reports” tab on TWINS.
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Al1.0 HISTORY AND BACKGROUND

Beginning in 1944, the Hanford Site produced special nuclear material (primarily plutonium) for
defense and research. Radioactive waste was accumulated as part of the process of producing
plutonium. Chemical separation processes were developed that initially separated plutonium,
and later uranium, from irradiated reactor fuel. The plutonium was manufactured for nuclear
weapons production. Uranium was recycled into new reactor fuel elements. These processes
produced alkaline liquids together with precipitated sludge that contained most of the
radioactivity. These wastes were discharged to underground storage tanks. At that time,
analytical data were obtained for process control, determining concentrations of key analytes that
affected the efficiency of plutonium production and by-product treatment. The chemical
composition of the resultant waste streams was estimated using the process control data and a
material balance.

National attention turned to retrieval and disposal of a 50-year legacy of nuclear waste at the
conclusion of the cold war (September 27, 1991). New environmental laws and regulations such
as Resource Conservation and Recovery Act (RCRA) and Comprehensive Environmental
Response, Compensation and Liability Act of 1980 (CERCLA) were introduced in the 1970s and
1980s. Although the DOE sites regulated radioactive releases, in 1987 the DOE and Hanford
Site began to apply RCRA and CERCLA. Some time was required to come into compliance
with these regulations, so the DOE negotiated an agreement with the primary regulatory
agencies—the State of Washington Department of Ecology and the U.S. Environmental
Protection Agency (DOE 1991).

In 1988, Congress established the Defense Nuclear Facilities Safety Board (DNFSB) as an
independent federal agency. The DNFSB's mandate under the Atomic Energy Act is to provide
safety oversight of the nuclear weapons complex operated by the DOE. The DNFSB ensures
that the DOE carries out tasks in a manner that protects the public, workers, and the
environment.

On July 19, 1993, the DNFSB transmitted Recommendation 93-5 on the Hanford Waste Tank
Characterization Studies to the DOE. This recommendation noted that there was insufficient
tank waste technical information to ensure that Hanford Site wastes could be safely stored, that
associated operations could be conducted safely, and that future disposal data requirements could
be met (DNFSB Recommendation 93-5, 1993, Hanford Waste Characterization Studies ).

The DOE responded to the DNFSB with an implementation plan that was accepted in

March 1994 (DOE/RL 94-0001, Rev. 0). The plan had several revisions, but initial response
commitment 6.2 stated that a plan would be developed identifying implementation plans for
improving data accessibility, data control, and data readability. The DOE response further stated
that “(t)he old Characterization Program had not established any controlled, accessible database
for data users, nor had it created an atmosphere of sharing key information...(r)eports were not
user-friendly.” A Characterization Data Management Process Improvement Work Plan
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(WHC-SD-WM-WP-276) was written in response to the initial commitment. This Work Plan
described approximately 25 different databases being used at the time to make decisions
regarding handling of high-level wastes. Recommendation 93-5 (DOE/RL 94-0001) was revised
to include Milestone 5.6.3.1.f to establish “Standard inventory estimates for all tanks.”

In September 1995,WHC-SD-WM-TP-311, Work Plan for Defining a Standard Inventory
Estimate for Wastes Stored in Hanford Site Underground Tanks was released. This document
introduced the concept of the best-basis inventory. All existing sources of data are screened to
assess the acceptability of the data. When sources provide conflicting values for the same
parameter, a methodology for distinguishing between conflicting data is established and
documented. The best-basis characterization information was to be entered into the existing
TCD.

WHC-SD-WM-WP-311 provided four key attributes for the best basis:
e The system would present data in a usable fashion for all data users.

e The data would provide the best values based on present-day information sources. The
technical basis for the reported data would be documented.

e The data would be available on a hierarchical basis; e.g., a global (total inventory) basis,
on a tank-by-tank basis, and on a waste phase basis.

e The data would be updated periodically to reflect current information using configuration
control procedures.

In August 1997, HNF-SD-WM-TI-740, Standard Inventories of Chemicals and Radionuclides in
Hanford Site Tank Wastes, was issued with total (global) tank inventory estimates. These
estimates were based only on process knowledge.

In September 1998, individual tank inventory estimates were completed for all 177 SSTs and
DSTs. HNF-SD-WM-TI-740 was updated to include a comparison of the global inventory
estimates with the sum of the individual tank estimates. Sample data were used for many of the
individual tank estimates, but many estimates were based on Revision 4 of the Hanford Defined
Waste Model (LA-UR-96-3860). HNF-SD-WM-TI-740 was revised to include a comparison of
the global to “sum of tanks” estimates.

A configuration control board (CCB) was established to review each BBI write up.
Tank-by-tank inventory results were reconciled with global results, and BBI protocols were
established for total tank inventories. After the 1998 deliverable, BBI results were incorporated
as part of Tank Characterization Reports (TCRs). However, BBI values were only updated for
scheduled TCRs. Also during this time, an electronic process for TCRs/BBIs (also known as
automated TCR or Auto-TCR) was started, replacing previous hard copy TCRs/BBIs.

From 1999 to 2000, increasing requests were received to provide inventories by phase, to update
BBI for all tanks as needed, and revise uncertainty estimates for BBI values. A few BBIs were
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updated to changing protocol and changing format. By 2001, there was a clear need to enhance
BBI production, to establish and document BBI protocol, and to baseline all tanks to that
protocol to better support projects. The CCB was dissolved and senior reviewers were assigned
for an electronic streamlined BBI production process. The original RPP-7625 (Revision 2)
document was established to document protocol for “Accelerated BBI Baselining.” Rules and
protocol were developed from December 2000 to January 2001 by a multi-disciplined team.
From January 2001 to November 2001, the BBI values were baselined to the established
protocol. Products of the Accelerated BBI Baselining task included:

e BBI inventories updated to January 1, 2001 or later and revised “Recent Best Basis
Derivation report” for all 177 DSTs and SSTs.

e Review and resolution of sample data in the TCD on TWINS. Based on the BBI creation
rules, the data were evaluated and either rejected or accepted for the BBI by the BBI
author.

o For liquid samples that gelled or where solids precipitated, in-tank liquid concentrations
were reconstituted for use in the BBI. For solid samples that required reconstitution from
liquid and solid sample analysis, the weight fractions of liquids and solids and specific
gravities and densities were required for the calculation.

o Documented new or revised BBI creation rules, including tank-specific rules.

During fiscal year (FY) 2002, an internal management assessment was conducted to assess
compliance with BBI requirements and prioritize BBI improvements. Assessment results are
reported in RPP-10365, Best-Basis Inventory Assessment Report.

In October 2001, a value engineering session was conducted to identify BBI customer needs and
prioritize improvements as part of the management assessment. Four priority improvements
were presented to management at the conclusion of the session. These were:

1. Develop uncertainties for all BBI values,

2. Revise HDW model calculations and documentation,

3. Improve BBI process, and

4. Incorporate additional Interface Control Document (ICD)-23 data to BBI.

A schedule and a task plan were established to complete these items. Task 1 was partially
completed. Sample-based (S and TS) uncertainty values have been completed and are reported
in calculation detail reports. Development of uncertainties for other BBI values (E, C, and TE)
was put on hold indefinitely due to reduced resources and shifting priorities. Task 3 is an
ongoing activity. Many improvements to streamline the process have been implemented, and
new items are incorporated as needed. Task 4 was reviewed and determined that past ICD-23
data, other than that previously incorporated to BBI, do not provide added value.

For Task 2, a second workshop was held in March 2002 to determine needed HDW model
improvements for specific analytes. The workshop identified the need to first revise the
ORIGEN2 code waste fuel production estimates and incorporate these results into a revision of
the HDW model. The ORIGEN2 model revision was completed in September 2002
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(RPP-13489, Activity of Fuel Batches Processed Through Hanford Separations Plants, 1944
through 1989); HDW model revisions were completed in March 2004 (RPP-19822, Hanford
Defined Waste Model — Revision 5.0), incorporated into the waste type templates (RPP-8847
Best-Basis Inventory Template Compositions of Common Tank Waste Layers), and implemented
in the BBI in July 2004. Another change made in BBI during 2002 was switching hydroxide
from a primary to supplemental analyte. Previously, a free OH inventory was estimated for each
waste phase when data were available, and total hydroxide within the tank was calculated by
charge balance. Because of limitations of the charge balance, some total hydroxide inventories
were negative. Also, the sum of the individual phases did not equal the total hydroxide reported
(as it does for other analytes), leading to confusion for BBI users. Consequently, free OH was
reported as a supplemental analyte (i.e., only when sample-based data are available). The
protocol for free OH was modified in 2009. Free OH remained a supplemental analyte, but a
free OH inventory is required for all waste phases.

In the spring of 2003, the BBI process underwent a DOE audit. As a result, the Best-Basis
Inventory Data Defensibility Assessment was issued as an attachment to Notice of Finding,
03-TED-059; A-03-AMTF-TANKFARM-002 by the ORP. The audit concluded that BBI rules
and processes were adequate to meet the tank farm contractor requirements. However, there
were four findings and ten observations. The majority of the findings and observations directly
associated with the BBI were related to communication issues, and documents not clearly
defining processes and limitations. A corrective action plan was developed to respond to each of
the findings and observations under PER-2003-1588. Activities on the plan included an update
to the BBI process document, RPP-7625 (Rev. 4), the BBI desk instruction (TFC-ENG-CHEM-
D-09), and the waste type template document (RPP-8847) to clarify processes and limitations of
the BBI, and training for end users of BBI data. It also included an update to all SSTs and DSTs
to incorporate updated waste type templates. All items in the corrective action plan were
completed and the associated PER was closed on August 14, 2004.

From April to July 2004, all 177 DSTs and SSTs were reviewed and updated. The primary
purpose of this was to incorporate template updates (and HDW model), but also included the
following:

e The standard decay date was updated from January 1, 2001 to January 1, 2004. This
means that all BBI radionuclide inventories reported in TWINS will be decay
corrected to January 1, 2004 (subsequently revised to January 1, 2008 on February
29, 2008, and to July 1, 2015 on October 1, 2015).

e Volumes for solids and interstitial liquids were updated to reflect current average
porosity estimates. This only affects tanks that did not have tank-specific porosity
estimates.

e Oxalate became a standard BBI analyte (available for all tanks), and is calculated
from TOC if sample data are not available. Previously, an oxalate inventory was only
provided if it was available for all waste phases within a tank.

e Total PCB estimates were made available for all 177 tanks.
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Radionuclides half-lives for several radionuclides were updated to reflect Nuclides and Isotopes,
Fifteenth Edition of the Chart of the Nuclides (Parrington et al. 1996). Impacts were minor. The
half-lives and specific activities of "°Se and 26Sn were subsequently updated in November 2006
to reflect the changes contained in Nuclides and Isotopes, Sixteenth Edition of the, Chart of the
Nuclides (Baum et al. 2002).

Minor updates to second order radionuclide decay were completed in 2008. The second order
decay for 22Ra was discontinued as ??®Ra is now in secular equilibrium with the parent 2Th
radionuclide. Analytical results for 24¥24Cm were split into 2**Cm and 2**Cm using decay
calculations and the designated distribution vector rather than using fixed 0.04/0.96 fractions
which would become inaccurate with future decay. In 2009, free hydroxide estimates were
added for all waste layers in the 177 tanks as a supplemental analyte.

In 2009, a decision was made to eliminate the Auto-TCRs. The decision was based on a number
of factors including (1) records indicate Auto-TCRs were used very little in the previous years,
(2) most of the Auto-TCR contents was not updated due to a lack of resources, and (3) hardware
and software for maintaining the Auto-TCRs were out-of-date and replacing them would be
costly. Prior to the elimination, a hard copy of the Auto-TCR for each tank was released as a
stand alone document. Derivation descriptions for BBIs issued since then have been issued as
engineering reports. The issued Auto-TCRs and recent BBI derivation reports are accessible via
the “Characterization Reports” tab on TWINS and on IDMS.

In 2015, a “drained void” waste phase was introduced to better account for the composition of

drained saltcakes above the interstitial liquid level of interim stabilized tanks. Procedure TFC-
ENG-CHEM-D-09 was replaced with TFC-ENG-CHEM-P-53.
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APPENDIX B

BBI REVIEW CHECKLIST AND BBI SPREADSHEET CHECKLIST
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INDEPENDENT BBI REVIEW CHECKLIST FOR TANK 241-__ -

Reviewed by Date Comments

Files required in order to do review:
e Draft BBI Derivation report

e BBIM Tank Summary Report

e BBIM Radio button Report (Found under Component Reports)
e BBIM Tank Comparison Report

e BBIM Calculation Detail Report

e BBIM Inventory Check Report

e Accessto TCD

e Process Knowledge Spreadsheets

e Means and Confidence Intervals report

A REVIEW DRAFT TEXT
1) Title: Derivation of Best-Basis Inventory for Tank 241-XX-XXX

2) Check that the following introductory text is used (some variation in wording
allowed):

1st paragraph:

The Best-Basis Inventory (BBI) effort involves developing and maintaining waste tank
inventories comprising 25 chemical and 46 radionuclide components in the 177 Hanford
Site underground storage tanks. These best-basis inventories provide waste composition
data necessary as part of the River Protection Project (RPP) process flowsheet modeling
work, safety analyses, risk assessments, and system design for waste retrieval, treatment,
and disposal operations.

2nd paragraph for a tank with new data:
Development and maintenance of the best-basis inventory is an on-going effort. Since

new sample data were recently made available for -shell tank 241-XX-XXX, a re-
evaluation of the best basis inventories as of [enter appropriate effective date] was
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performed and is documented in the following text. The following information was used
in this evaluation:

2nd paragraph for transaction tanks (modify 3rd sentence as appropriate):

Development and maintenance of the best-basis inventory is an on-going effort. The
inventories for certain tanks are changing as the result of waste being transferred into or
out of the tanks. Transfers of saltwell liquid from single-shell 241-XX-XXX into double-
shell tank 241-XX-XXX have occurred since the last best basis update. A re-evaluation
of the best-basis inventories for tank 241-XX-XXX, as of [enter appropriate effective
date], was performed and is documented in the following text. The following
information was used in this evaluation:

3) Confirm that the bullets following the 2nd paragraph of the BBI derivation report
contain:
e The sampling events used in the BBI and references to the laboratory reports and

reference to Means and Confidence Intervals reports where appropriate.

e The process knowledge vectors used. These may contain sub-bullets with supporting
information used in their development.

e The templates used in the BBI.

4) Check the contents of the summary table in the derivation report for completeness,
accuracy, and consistency

e Ensure that the waste phases are limited to supernatant, saltcake liquid, saltcake solid,
sludge liquid, sludge solid, drained voids, and retained gas. Saltcake may be used
instead of saltcake liquid and saltcake solids. Sludge may be used instead of sludge
liquid and sludge solids.

e Ensure that analytical results are used for the saltcake solid and sludge solid
designations per the key soluble/insoluble analyte calculation (RPP-7625), or note
reason for not using the calculation.

e Ensure that correct waste types/templates are used, or that the waste type field is
marked as unspecified; use NA for retained gas, NA for drained voids, NA (Liquid)
for supernatant or interstitial liquid, NA (SItCk) for saltcakes or NA (Sludge) for
sludge.

e Ensure phase volumes add up to the total volume.

e Check conversion between kgal and kL using 3.785 as conversion factor.
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Verify vectors and vector handles. Vector handles should have 3 digits after the tank.
Vector handles for templates begin with TE or TS (e.g., TE/U204/005)

Densities
Multipliers (3 digits after the decimal)
Volume by waste phase and type

Columns for density, multiplier, and volume should be centered.

5) Verify that the BBI derivation report contains the following and appropriate protocols
were used in the development:

An explanation of how the total tank volume and phase volumes were determined

The correct interstitial liquid volumes. (Porosities of 17% and 24% for sludge and
saltcake, respectively, from HNF 2978, Updated Pumpable Liquid Volume Estimates
and Jet Pump Durations for Interim Stabilization of Remaining Single-Shell Tanks,
should be used for the SSTs addressed by that document and for DSTs if other
interstitial liquid volume data are not available.)

A discussion of excluded tank volumes (i.e., retained gas) where appropriate

A discussion of the sample concentration data used and selection hierarchy,
including:

o Which segments/samples are included in each set of means,

o Reason for excluding data from segments or samples, or entire sample events
(e.g. dilution of surface sample, intrusion of head fluid, etc.),

o Use of centrifuged liquid and solid data.

Discussion of any reconstituted samples used in the BBI. Densities and wt% and/or
vol% solids and liquid used in the calculations are identified.

Discussion of process knowledge vectors (when used). Enough detail should be
included to be able to understand how the spreadsheet was developed (source tanks,
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chemical addition info, etc). Note the final density and wt% water that are calculated
by process estimate.

An explanation of the source of the density values and an explanation if the densities
do not correspond directly to the concentration data.

A discussion of unique data treatments of specific analytes. This discussion generally
appears at the end of the report but may also appear in the discussion of concentration
data. For example, the calculation of uranium isotopes and/or alpha emitters. Alpha
distribution discussion should note what isotopic ratios are used in distribution
calculations (templates or process estimates).

A discussion of PCB inventory similar to the following: A total PCB inventory is
estimated based on concentration information provided in RPP-7625. Default PCB
concentrations of 25 pg/g (wet weight) and 0.2 pg/mL were used for solids and
liquids, respectively, when current sample data were not available.

Delete text that is no longer applicable. In particular, delete or modify references to
Auto-TCR reports or Means and Confidence Interval Standard reports.

A discussion of multipliers used for sample or process knowledge vectors (e.g.,
multipliers to account for evaporation or dilution since the sample event). Check
calculation.

A discussion of template vectors, if used. The generic description follows. In
addition, if template vectors were adjusted to sample vectors, the % water and density
values used and their sources should be stated. Check multiplier using calculations
described in section 4.1.1, “Multipliers.”

Templates are based on sampling data from tanks that contain the same waste type as
tank 241-XX-XXX, supplemented with Revision 5 HDW model data. A multiplier is
used to scale the template vector to the sample data using the sample wt% H20 and
density. A more detailed description of template data is found in RPP-8847,
Best-Basis Inventory Template Compositions of Common Tank Waste Layers..

The following text regarding the rules:

The inventories in this BBI were developed in accordance with the BBI creation rules
documented in RPP-7625.

Exceptions to the rules in RPP-7625 are documented.
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6) Verify that the following text is included.

All inventory calculations were performed using the Best-Basis Inventory Maintenance
Tool. The updated BBI values for tank 241 -XX- XXX can be found in the Best-Basis
Calculation Detail Report and the Best-Basis Calculation Detail-Supplemental Analytes
report in TWINS. A condensed version of these reports is included in Appendix A.
Radionuclides in these reports are decay corrected to July 1, 2015.

7) Verify a section on “Summary of Changes” is included. Section should contain a
summary of the changes and discuss large inventory RPDs as appropriate. Examples:
“Receipt of tank transfers caused all inventories to increase <10 percent.” “The 134Cs
inventory decreased because the sludge concentration was corrected to match BBI
protocol — a high ‘less than’ value was selected previously.” State if there are no phase
changes (e.g., no concentration or volume changes were made in the solids layer).

8) Verify that documents referenced are correctly listed in the Reference list and that
acronyms and units are defined. References should use formatting shown in TFC-BSM-
AD-STD-02.

9) Check the attached Calculation Detail Reports (condensed) and the Means and
Confidence table.

VERIFY DATA (Verification limited to NEW data. Indicate N/A if there is no new
data)

1) Ensure Sample Means are generated per protocol and as described in the text, i.e.,
proper combination of data was used - appropriate segments are combined to be
representative of the waste phase (segment or composite basis, average of segments
within a core prior to average of cores, etc.). Check calculation of at least 3 analytes.

2) Ensure all data analyzed are reported in Means and Confidence Intervals report as
appropriate

3) Ensure that the proper sample data set was copied/transferred into the BBIM (Radio
Button Report) by spot-checking data against the Means and Confidence Intervals
Standard Report. Spot check at least 7 numbers per vector.

4) Verify that the proper units are shown.

5) For each analyte below in the vector (Radio button report), check to ensure that the
associated analytical value is correct.

e For analytes with results from more than one digestion method or analytical method,
ensure that the correct analytical method was selected.
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For solids S and SO4 data, the hierarchy is ICP:A, ICP:F, ICP:W, IC:W.
For solids P and PO4 data, the hierarchy is ICP:A, ICP:F.
For liquid S, SO4, P and PO4 data, the hierarchy is ICP, ICP:A, IC.

Estimate UTOTAL from ICP/MS if available. If not, if UTOTAL < 1,000 ppm,
select phosphorescence method. If UTOTAL > 1,000 ppm, select ICP method.

For 238U, the hierarchy is ICP/MS, ICP/AES.

239/240py and 2*LAm results by AEA. are selected over ICP/MS results.

ICP:F results for Zr and Ni should be reviewed carefully before incorporating into
the vector, to ensure no sample contamination occurred during analysis.

%Tc results from ICP/MS are selected over liquid scintillation (*Tc).

Th and %2Th should be equivalent. ICP/MS results are preferred.

Ensure data marked as “suspect” in the TCD is not included in the vector.

Compare measured free OH values with free OH values as calculated from pH.

AMU-93, AMU-238, AMU-242, AMU-243, and AMU-244 are treated as (labeled)
937y, 238U, 242py, 243 Am, and #*4Cm, respectively.

Be careful when both of the values are reported as detected values, but one or more
are flagged with an asterisk (meaning that some “less than” values were used in mean
calculation). Verify that high “less than” results do not skew the means.

If results from two analytical methods are “less than” values, ensure the smaller “less
than” value was selected.

6) Check data status (Current, Utilized Pre-Transfer, or Pre-Transfer) of all data for the

tank .
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C. VERIFY SPREADSHEETS (N/A if no changes to verified spreadsheets)

____ 1) Verify process knowledge spreadsheets per TFC-ENG-DESIGN-C-32. The BBI
Spreadsheet Verification Form may be used to support this review. Verification not
required if spreadsheet was verified during a previous update and no changes were made.
Verification of updated spreadsheets may be limited to unverified portion of the
spreadsheet.

Spreadsheet Verification Checklist #

D. VERIFY SUMMARY INFO IN BBIM TOOL

1) Confirm consistency between summary table in the derivation report and the BBIM
Tool Summary Report for:

e \Waste Phases

e Waste Types [including designation for NA waste types: NA for retained gas , NA
(Liquid) for supernatant and interstitial liquid, NA (SItCk) for saltcakes or NA
(Sludge) for sludge]

e Concentration Data (including vector name and handle)
e Vector Densities (reported to three significant figures)

e Component Density and Percent Water

o Component density and water should match that of the preferred vector after
accounting for any porosity, evaporation, or other adjustments.

o Ensure component density and water are updated to new data, if applicable.
e Multipliers

e Volumes

2) BBIM Tool Summary Report shows proper Distribution VVector is used for each waste
phase containing radionuclides (note that the BBIM will not perform 2nd order decay if a
distribution vector is not specified)
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3) Verify the correct BBI Effective Dates for all component waste layers.

4) Verify that the confidence intervals have been added for all DST component densities
when sufficient analytical data are available. Update the DST density confidence limits
for small supernatant water addition or evaporation volume changes.

5) Verify relative standard deviations (RSDs) for component density and volume. Values
for RSDs designated as “Fixed” should be checked. “Fixed” density RSDs should be
used only if there is only one vector designated as “S” or “TS” in the component.

VERIFY RADIOBUTTONS

1) Confirm that correct data sets were copied into BBIM from process knowledge
spreadsheets. (Sample Means were checked in Section B.)

2) Check date of analysis (decay date) was entered properly using the BBIM Tool
Summary Report

3) Check that values were selected according to best-basis conventions. Following are
the general data selection rules (assuming a two-vector comparison; rules are same for
more than two vectors). Ensure multipliers and radioactive decay are taken into account
when making selections (Use Radiobuttons (Std Units) Report).

e Confirm data hierarchy stated in text matches RPP-7625 protocol and is followed in
the radio button selections.

e For a particular analyte, if the result for the first choice in the data hierarchy is
detected, select result (unless an exception is noted).

e I[fthe result for the first choice in the data hierarchy is a “less than” value, and there
are sample based values that fall between the upper and lower limits as defined in
RPP-7625, select the value from the data set with the highest priority.

e Ifresults from all sample data sets are “less than” values, select the lowest “less than”
value that falls between the upper and lower limits as defined in RPP 7625, or the E
based value (if the E based value falls between the limits), whichever is lower.

e If no sample values (detect or non-detect) fall between the upper and lower limits, but
the E based value does fall between the limits, use the E based value.

e If no result from the other data sets fall between the upper and lower limits, select the
“less than” from the preferred data set.
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Supplemental analytes should only be selected if available for all waste phases or if
missing waste phase(s) makes up less than 10% of the solids inventory (by volume).
Do not select organic analytes unless requested by a project (SST Retrieval and
Closure or Base Operations). Free OH is selected when detected in any phase. See
RPP-7625 for rules for selection of “less than” values for supplemental analytes.

Some special data issues to be aware of:

NHs grab data are preferred over core data.

1Ey and *°Eu should be on the same order of magnitude. “Less than” values may
skew this relationship. Look for alternative means of calculating if possible.

Inductively coupled plasma/mass spectrometry (ICP/MS) U isotope results are
selected over UTOTAL inductively coupled plasma/atomic emission spectroscopy
(ICP/AES) and UTOTAL phosphorescence. If all U isotopes are present in the
ICP/MS results, sum the isotopes to calculate UTOTAL. If all U isotopes are not
present or some are “less thans”, divide the 28U result by 0.993 to calculate
UTOTAL . Enter the calculated UTOTAL value to BBIM. Specific activities may be
found in Table D-2 and the SVF-2866 Rev 0 EZDK Multi-use Spreadsheet. Contact
the laboratory to evaluate “order-of-magnitude” inconsistencies between calculated
UTOTAL and measured ICP/AES or phosphorescence values.

For alpha emitters, select any detected individual isotope values. If the Am and/or Pu
isotope values are “less than” values, the total alpha value may be selected. If Am
isotopes, Pu isotopes, and total alpha are all “less than” numbers, use either the sum
of Am and Pu or total alpha, whichever is smaller. The BBIM tool will calculate the
remaining alpha emitting isotope concentrations.

Beware of high “less than” values for minor radionuclides such as 1%Ru and ??°Ra

Compare %Tc by different methods (Specific activities may be found in the EZDK
spreadsheet, SVF-2866 Rev 0). ICP/MS is preferred. Un-oxidized “pertechnetate”
results should not be used in BBI.

The BBIM tool calculates *'mBa, °°Y and ?*®Ra inventories; these should not be
selected.

Ensure that isotopes of the same element are selected from the same vector.
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e Be aware of the spacing of samples within a waste layer to make the means as
spatially representative as possible.

e Do not select Percent Water.

e For transfer receiver tanks, select radio buttons only for analytes that were in both
sender and receiver tanks.

CHECK INVENTORY OUTPUT
1) Review BBIM Tool Calculation Detail Report for the following:

e Aninventory is shown for each analyte in each waste phase defined in summary
table, or that missing phases would be expected to add <10% to the total inventory.

e Inventory uncertainty values are shown for all “S” and “TS” based inventories

2) Review BBIM Tool Tank Comparison report and investigate any unexpected or
unusual changes.

3) Evaluate the need to update the HTWOS wash and leach factors for tanks involved in
retrieval operations or waste transfers. Initiate updates as required.

4) Global and phase specific checks. Review BBIM Tool Inventory Checks report and
identify/resolve issues outside the normal range (e.g., large negative total OH inventory
predicted, negative analyte inventories, poor U balance).

5) Verify the accuracy of the condensed calculation detail reports and the means and
confidence interval reports included in Appendix A of the BBI derivation report.
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BBI SPREADSHEET VERIFICATION CHECKLIST

This checklist may be used in conjunction with the single-use spreadsheet review process
prescribed by TFC-ENG-DESIGN-C-10, “Engineering Calculations”

File Name:

Confirm Input Data:

Verify new or modified data.

__ 1. Verify tank volumes (e.g., check against PCSACS waste level measurements, waste
transfer data sheets, or the Surveillance Data Display System).

___ 2. Verify solid phase volumes against tape readings, sludge level measurement data sheets or
other appropriate source documentation (such as the HDW model or retained gas
documents).

3. Electronically download concentration data from BBI Calculation Detail Reports, Means
and Confidence Interval Reports or the Best-Basis Inventory Maintenance tool and
compare to the original spreadsheet data with logical comparison functions or visually if
the data can be laid side by side. Alternately, a manual comparison can be made to a
hardcopy document, checking at least 10% of the data. Check all data if errors are found.

General Spreadsheet Checking:
___ 1. Verify that data are appropriately referenced and the units labeled.

___ 2. Verify that all radionuclides are decayed to the same common date (usually 1/1/94,
1/1/01, 1/1/04, 1/1/08, or 7/1/15) whenever waste sources are combined in the material
balance.

___ 3. Verify that mass spectrometry results for radionuclides have been converted to uCi/g or
pCi/mL.

___ 4. For any unusual equation, perform a dimensional analysis to assure that unwanted units
cancel and the final result has the proper units. Note that percentages (wt% and vol%)
actually have implied units (for example wt% centrifuged solids = g centrifuged solids/g
total sample and vol% settled solids = mL settled solids/mL total sample).

___ 5. Verify that VLOOKUP or HLOOKUP ranges are fixed ("$" signs before both the
columns and rows). Otherwise, the lookup range will "walk" as the equation is copied to
adjacent cells.
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___6. When converting inventories to concentrations, verify that a factor of 1000 is included for
chemicals (to convert kg to g).

___ 7. Remove extraneous data/calculations or obsolete information that does not support the
purpose of the spreadsheet.

Spreadsheet Checks for Liquid Waste Transfers:

___ 1. Verify that the sum of the uranium isotopes converted to a mass basis is within 1% of the
Urotal cONcentration, that the 23Pu activity is between 0.3 and 15% of the 23%24%py
radioactivity, that the wt% 24°Pu is between 1 and 8 wt% of the total Pu, that the 23U
concentration is < 1 wt% of the total uranium and that the 28U is between 99 and
100 wt% of the total uranium.

2. Examine the trend of analyte concentrations with time. Can abrupt changes be assigned to
new transfer or composition data?

___ 3. Verify that the wt% water and density equations include the contribution of added water
(both equations are different than the mass balance equation for the analyte
concentrations). Compare the wt% water and density trends to the sum of the chemical
analytes (total chemical or mass concentration). The density should move in the same
direction, whereas the wt% water should move in the opposite direction.

___ 4. Verify that concentration calculations are discontinued when data for individual analytes
is not available for all input streams.

Spreadsheet Checks for Reconstitution of Centrifuged Solid and Liquid Data:
___ 1. Verify that the equations for calculating the wt% centrifuged solids are correct.

___ 2. Verify the first unique instance of the reconstitution equation.

Conc of settled solids = wt% Centrifuged solids X

Conc of centrifuged solid +
Conc of liquid

100% — wt% Centri d solids) X
(100% — wt% Centrifuged solids) Density of liquid

In particular, note that only the second term in the above equation requires a density correction.
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Spreadsheet Review Closeout:

___1. Make any required changes in the spreadsheet (reviewer) and flag the changes with color
highlighting. The reviewer will also electronically record the review at the bottom of
each worksheet reviewed (Reviewed by: Name, Date, and SVF Number)

___ 2. Marked changes have been reviewed and resolved (author).

___3. Remove error-highlighting, lock all cells, password protect the worksheets and transfer a
copy to the BBI Tank Updates directory of the Stdinv shared drive (author).

References:

TFC-ENG-DESIGN-C-10, “Engineering Calculations,” as revised, Washington River Protection
Solutions, LLC, Richland, Washington.
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APPENDIX C

DATA REVIEW/RESOLUTION
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C1.0 DATAREVIEW

New data are evaluated after being entered into TWINS. The criteria in Section C2.0 and C3.0
are used in determining validity and representativeness of analytical data. The Resolve Tool and
data review checklist (included below) are used to facilitate this process. After completion of the
review, data are designated with the following “Review Status”:

e Reviewed- Data are acceptable for use. This corresponds with the “Approve” button in
the RESOLVE tool.

e Reviewed: See Comment — Data are acceptable for use but see review comment for
additional information. This correxponds with the “Approve” button in the RESOLVE
tool.

e Reviewed - Not for Inventory — Data are not representative of the tank’s contents and
should be excluded from mean calculations. For example, a surface sample may be
excluded because it has been diluted by flush water. This corresponds with the “Not for
BBI” button in the RESOLVE tool.

e Data Suspect — See Comment - Data are not acceptable for use — see review comment for
reason. This corresponds with the “Reject” button in the RESOLVE tool.

C2.0 REJECT DATA

The following results should be excluded from averaging for purposes of inventory calculation,
but not deleted from TWINS. These data should be flagged in TCD with the review status “Data
Suspect: See Comment.” The comparison against Table C-1 and flagging of the review status is
done automatically in the Resolve Tool.

« Analytical concentrations greater than concentrations allowed by assuming a pure
compound (see Table C-1):

Table C-1. Analyte Limiting Concentrations. (2 Sheets)

Analyte Limiting Species (dry) MW Reject Limit pg/g
Al Al,O3-H,0 (boehmite) 120.0 4.50E+05
Bi Bi2Os 496.0 8.43E+05
Ca CaCO; 100.1 4.00E+05
Cl NaCl 58.4 6.07E+05
TIC as CO3 Na,CO3-H,0O 124.0 4. 84E+05
Cr Cr,0s 152.0 6.84E+05
F NaF 42.0 4.52E+05




RPP-7625 Rev. 12

Table C-1. Analyte Limiting Concentrations. (2 Sheets)

Analyte Limiting Species (dry) MW Reject Limit pg/g
Fe FeO(OH) 88.9 6.29E+05
Hg HgO 216.6 9.26E+05
K KNO;3 101.0 3.87E+05
La La(OH)s 189.9 7.31E+05
Mn MnO; 86.9 6.32E+05
Na NaOH 40 5.75E+05
Ni Ni(OH), 92.7 6.33E+05
NO. NaNO, 69 6.67E+05
NOs3 NaNOs 84.99 7.30E+05
OH NaOH 40 4.25E+05
Pb Pb(OH), 241 8.60E+05
PO, NazPO, 163.9 5.79E+05
Si NaHSiO3 100.1 2.81E+05
504 Na2504 142.0 6.76E+05
Sr SrCO3 147.6 5.94E+05
TOC NaHCO; 68.0 1.77E+05
UTOTAL Na,U,07 634 7.51E+05
Zr Zro; 123.2 7.40E+05
Notes:

MW = molecular weight

e GEA results for Pu

o Results for samples where hydrostatic head fluid/LiBr solution intrusion contributes
> 50% of wt % water in sample.

e Data already flagged “Data suspect: see comment” in the TCD.
e Any analyte concentration > 100% by mass (>1E+06 ppm).

e Ammonia results when time between sampling and analysis is equal to or greater than
180 days or if holding time cannot be determined.

C3.0 RESOLVE DATA

The following results shall be evaluated before being included or excluded from the means. If
included in the means, the results should be flagged in TCD as “Reviewed” or “Reviewed: See
Comment.” If not included in the means, the results should be flagged as “Data Suspect: See
Comment” or “Reviewed — Not for Inventory.” These comparisons are also made using the
Resolve Tool. The data status is marked as “Data Resolution in Progress” until reviewed and
changed. Resolution of the data may involve quality checks, comparison with previous tank data
or the BBI, or further review by the laboratory.

e ICP/MS results for ¥’ AMU (*¥'Cs) should be labeled as “Reviewed - Not for Inventory.”
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Evaluate ICP: fusion results for Zr. If a suffix “z” is found on the laboratory sample ID,
a Zr crucible was used for fusion digest of the solids. Zirconium results are likely to be
biased high. If acid digest results are available, compare acid and fusion digest results to
determine if the Zr results are useable.

Evaluate ICP: fusion results for Ni. If a suffix “f” is found on the laboratory sample 1D,
a Ni crucible was used for fusion digest of the solids. Nickel results are likely to be
biased high. If acid digest results are available, compare acid and fusion digest results to
determine if the Ni results are useable.

Compare oxalate and TOC results. The oxalate concentration times a factor of 0.273
should be less than TOC concentration.

Compare OH and pH results. Calculated free OH (calculated from pH) and measured

free OH should not differ by a factor of 2 or more. Use Table C-2 as guidance for
selecting the appropriate hydroxide measurement.

Table C-2. Resolution for pH and Free OH Values.

Result Actions/Resolution
pH <12 or Use pH. pH is generally more reliable at low OH
OH < 0.01 M concentrations. Titration is not reliable in this range. Low OH
' concentration may be due to incomplete titration.
pH > 13 or Use OH. The pH meter is not calibrated in this range.
OH > 0.1M Titration is more reliable at high OH concentrations.
12<pH<13o0r Areas of uncertainty in both measurement methods. Use OH

0.01M < OH< 0.1 M unless the above OH and pH checks indicate otherwise.

Evaluate density and specific gravity results. Density or specific gravity results should be
within the following ranges: between 1.0 and 1.6 for liquids and between 1.0 and 2.0 for
solids.

Evaluate europium isotopic results. The ratio of **Eu to*>°Eu should be between 0.8 and
11 when both results are above detection limits. Also, >°Eu detection limits can be ten
times as high as the **Eu detection limits. If *°Eu is reported as a “less than” and if a
better upper bounding concentration for ***Eu can be calculated by using ***Eu and
isotopic ratios, the >°Eu analytical result should not be used for the inventory calculation.
In that case, the calculated value should be used.

Evaluate recoveries of laboratory standards. Laboratory standard recoveries should be
between 50 and 150%. If not, compare data to other results which have standard

Cc-4



RPP-7625 Rev. 12

recoveries within the 50 to 150% range. If comparable, the results should be considered
usable.

Evaluate whether sample results are outliers. Compare sample results to the
concentrations listed in Table C-3 to screen for potential outliers. The concentrations in
Table C-3 are the 98" quantile results in TCD (as of August 1, 2004). These data include
all current, pre-transfer, or utilized/pre-transfer data, but exclude suspect data and data
with null standard values. Constituents with only one or two measurements in a phase
were not included. Densities were grouped into the following three groups and the
resultant quantile used for each density name within the group: 1) bulk density, density
before centrifuging, liquid density, solid density, density, and settled solids density (the
distinction between liquid and solid phases was kept), 2) centrifuged liquid density,
centrifuged supernatant density, and density after centrifuging, and 3) centrifuged solids
density and density after centrifuging. Compare results exceeding the corresponding
values in Table C-3 to existing data and process knowledge to determine if they are
outliers.
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Table C-3. Concentration Limits for Resolution File. (7 Sheets)

Constituent Liquid Units Solid Units
/Acetate 3.90E+03 pg/mL 3.84E+03 pg/g
/Acetone 5.00E+00 pug/mL 2.70E+01 ug/g
Actinium-228 5.54E-01 puCi/mL | 6.61E+01 uCi/g
Aluminum 6.19E+04 pg/mL 1.48E+05 ng/g
Americium-241 2.00E+00 uCi/mL 8.44E+01 uCi/g
Americium-243 434E+00 | pCi/mL | 3.87E+01 uCi/g
Ammonia 1.74E+03 pg/mL 1.58E+04 ug/g
Ammonia (Nitrogen) None N/A 6.24E+01 pg/g
Ammonium 2.01E+03 pug/mL 9.34E+03 ug/g
Ammonium lon by IC 1.03E+03 pg/mL 4.76E+02 ug/g
Antimony 7.21E+01 pg/mL 1.35E+03 pg/g
Antimony-125 2.39E+00 uCi/mL 3.92E+01 uCi/g
Aroclor 1016 1.70E-01 pg/mL 1.86E+00 ug/g
/Aroclor 1016 (dry weight) None N/A 4.40E-01 pg/g
/Aroclor 1016 (wet weight) None N/A 8.81E-01 pg/g
Aroclor 1221 5.00E-01 pg/mL 5.47E+00 ug/g
/Aroclor 1221 (dry weight) None N/A 1.41E+00 pg/g
Aroclor 1221 (wet weight) None N/A 1.32E+00 pg/g
Aroclor 1232 4.60E-01 pug/mL 5.03E+00 pg/g
/Aroclor 1232 (dry weight) None N/A 2.43E+00 pg/g
Aroclor 1232 (wet weight) None N/A 8.81E-01 ng/g
Aroclor 1242 2.60E-01 pug/mL 2.85E+00 pg/g
/Aroclor 1242 (dry weight) None N/A 7.32E-01 ug/g
Aroclor 1242 (wet weight) None N/A 8.81E-01 ug/g
Aroclor 1248 1.30E-01 pg/mL 1.42E+00 pg/g
/Aroclor 1248 (dry weight) None N/A 3.53E-01 ug/g
IAroclor 1248 (wet weight) None N/A 8.81E-01 ug/g
Aroclor 1254 1.30E-01 pg/mL 1.42E+00 pg/g
Aroclor 1254 (dry weight) None N/A 8.38E+00 pg/g
/Aroclor 1254 (wet weight) None N/A 1.47E+00 pg/g
Aroclor 1260 1.70E-01 pg/mL 1.86E+00 ug/g
Aroclor 1260 (dry weight) None N/A 5.86E-01 pg/g
/Aroclor 1260 (wet weight) None N/A 8.81E-01 ug/g
Aroclor 1262 1.30E-01 pg/mL 1.43E+00 ug/g
/Aroclor 1262 (dry weight) None N/A 3.44E-01 ng/g
Aroclor 1262 (wet weight) None N/A 1.30E-01 pg/g
/Arsenic 1.20E+02 pg/mL 2.18E+03 ug/g
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Table C-3. Concentration Limits for Resolution File. (7 Sheets)

Constituent Liquid Units Solid Units
Atomic Mass Unit 90 1.99E+02 pg/mL 2.70E+04 pg/g
Atomic Mass Unit 93 None N/A 3.47E+02 pg/g
/Atomic Mass Unit 137 9.04E+00 pg/mL 2.22E+02 ug/g
Atomic Mass Unit 151 3.49E-01 pg/mL 3.45E+01 pg/g
Atomic Mass Unit 232 2.11E+01 ug/mL 1.17E+03 pg/g
/Atomic Mass Unit 238 8.64E+01 pg/mL 4.18E+04 ug/g
/Atomic Mass Unit 241 6.24E+00 pg/mL 2.88E+01 ug/g
Atomic Mass Unit 242 5.49E+00 ug/mL 1.13E+01 ng/g
Atomic Mass Unit 243 5.13E+00 pg/mL 1.52E+01 ug/g
/Atomic Mass Unit 244 4.46E+00 pg/mL 1.40E+01 ug/g
Barium 6.01E+01 pg/mL 1.16E+03 pg/g
Benzene 1.32E+00 pg/mL 2.09E+01 pg/g
Beryllium 6.00E+00 pg/mL 1.10E+02 ug/g
Bismuth 1.21E+02 pg/mL 5.38E+04 pg/g
Bismuth-212 1.62E+01 | uCi/mL | 3.58E+03 uCi/g
Bismuth-214 8.81E-01 uCi/mL | 1.44E+02 uCi/g
Boron 1.14E+02 pg/mL 1.13E+03 ug/g
Bromide 1.63E+04 pg/mL 2.92E+03 pg/g
Bulk Density 1.58E+00 g/mL 1.89E+00 g/mL
Cadmium 6.67E+01 pg/mL 7.31E+02 pg/g
Cadmium-109 1.60E+01 | uCi/mL | 8.26E+02 uCi/g
Calcium 5.57E+02 ug/mL 1.80E+04 ng/g
Carbon-14 None N/A 1.53E-02 uCi/g
Carbon-14 2.12E-03 uCi/mL 3.67E-05 uCi/mL
Carbonate 2.27E+04 pg/mL 1.05E+05 ng/g
Centrifuged Liquid Density 1.55E+00 g/mL None N/A
Centrifuged Solids Density None N/A 1.85E+00 g/mL
Centrifuged Supernatant Density 1.55E+00 g/mL 1.52E+00 g/mL
Cerium 1.20E+02 pg/mL 2.21E+03 ug/g
Cerium/Praseodymium-144 5.11E+00 uCi/mL 1.50E+02 uCi/g
Cerium-144 None N/A 3.29E+01 uCi/g
Cesium 1.70E+00 ug/mL 1.00E+03 pg/g
Cesium-133 2.76E+01 pg/mL 2.41E+01 pg/g
Cesium-134 1.53E+00 | pCi/mL | 1.04E+01 uCi/g
Cesium-135 2.30E-03 uCi/mL 6.71E-03 uCi/g
Cesium-135 8.99E+00 pg/mL 2.92E+01 ug/g
Cesium-137 1.97E+03 | pCi/mL | 7.78E+02 uCi/g

C-7




RPP-7625 Rev. 12

Table C-3. Concentration Limits for Resolution File. (7 Sheets)

Constituent Liquid Units Solid Units
Cesium-137 2.70E+01 pg/mL 6.21E+00 pg/g
Chloride 1.31E+04 pg/mL 9.50E+03 pg/g
Chromium 9.49E+03 pg/mL 1.40E+04 pg/g
Citrate 1.21E+04 pg/mL 3.35E+04 pg/g
Citric acid 7.73E+02 pg/mL None N/A
Cobalt 2.40E+01 pg/mL 4.51E+02 pg/g
Cobalt-56 1.65E-01 puCi/mL | 4.35E+01 uCi/g
Cobalt-57 3.45E-01 uCi/mL | 3.85E+01 uCi/g
Cobalt-60 1.45E-01 uCi/mL | 2.57E+00 uCi/g
Copper 3.50E+01 pg/mL 2.77E+02 pg/g
Curium-242 3.17E-03 puCi/mL 5.53E-02 uCi/g
Curium-243/244 1.55E-02 uCi/mL | 1.22E+01 uCi/g
Cyanide 1.52E+02 ug/mL 5.59E+03 pg/g
Density 1.58E+00 g/mL 1.89E+00 g/mL
Density after centrifuging 1.55E+00 g/mL 1.85E+00 g/mL
Density before centrifuging 1.58E+00 g/mL 1.89E+00 g/mL
Dysprosium 5.46E+00 pg/mL 2.00E+02 ug/g
Europium 1.00E+02 pg/mL 1.25E+03 pg/g
Europium-152 9.96E-01 uCi/mL 3.18E+01 uCi/g
Europium-154 5.56E-01 pCi/mL | 1.58E+01 uCi/g
Europium-155 1.04E+00 pCi/mL 1.81E+01 uCi/g
Fluoride 8.30E+03 ug/mL 7.01E+04 ng/g
Formate 1.07E+04 pug/mL 8.04E+03 ug/g
Gadolinium None N/A 5.53E+03 ug/g
Gadolinium-153 None N/A 5.39E-02 uCi/g
Glycolate 2.22E+04 ug/mL 1.08E+04 ng/g
Gross alpha 7.55E-01 uCi/mL 3.80E+01 uCi/g
Gross beta 1.26E+03 pCi/mL 1.76E+04 uCi/g
Hexavalent Chromium 1.29E+04 pug/mL 4.28E+03 pg/g
Hydroxide (free) 8.82E+04 pg/mL 4.62E+04 ug/s
lodide 1.03E+03 pg/mL None N/A
lodine-127 5.76E+00 pug/mL 3.05E+01 ug/g
lodine-129 3.51E-04 uCi/mL 1.44E-01 uCi/g
4.86E+00 pg/mL 4.92E+02 ug/g
lodine-131 6.82E-01 uCi/mL | 4.33E+01 uCi/g
Iron 1.52E+03 pg/mL 8.12E+04 pg/g
Lanthanum 6.01E+01 pug/mL 1.32E+04 ug/g
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Table C-3. Concentration Limits for Resolution File. (7 Sheets)

Constituent Liquid Units Solid Units
Lead 3.76E+02 pg/mL 4.74E+03 pg/g
Lead-212 1.88E+01 puCi/mL | 8.51E+01 uCi/g
Lead-214 6.20E+00 puCi/mL | 4.88E+02 uCi/g
Liquid Density 1.58E+00 g/mL None N/A
Lithium 8.15E+02 pug/mL 2.58E+02 ug/g
Magnesium 1.20E+02 pug/mL 2.25E+03 ug/g
Manganese 4.26E+02 pg/mL 1.95E+04 ug/g
Mercury 1.59E+01 pug/mL 1.11E+03 ug/g
Mercury-203 5.16E-01 uCi/mL 4.11E+01 uCi/g
Molybdenum 1.48E+02 pg/mL 1.10E+03 pg/g
Neodymium 1.20E+02 pg/mL 2.22E+03 pg/g
Neptunium-237 3.72E+00 uCi/mL 1.86E+02 uCi/g
8.42E+00 pg/mL 6.65E+01 ug/g
Neptunium-239 1.28E+00 puCi/mL 1.21E+02 uCi/g
Nickel 5.16E+02 | pg/mL | 1.19E+04 uglg
Nickel-59 2.79E-02 uCi/mL 3.48E-02 uCi/g
Nickel-63 1.72E+00 puCi/mL | 5.02E+00 uCi/g
Niobium None N/A 3.12E+03 pg/g
Niobium-93 metastable None N/A 1.29E-02 uCi/g
Niobium-94 1.35E-01 uCi/mL 1.24E+01 uCi/g
Nitrate 3.01E+05 pg/mL 6.20E+05 pg/g
Nitrite 1.70E+05 pug/mL 1.18E+05 pg/g
Oxalate 4.99E+03 ug/mL 5.78E+04 ng/g
Palladium 8.51E+02 ug/mL 2.05E+04 ug/g
Particle Size Number Density Mean None N/A 2.80E+00 microns
Particle Size Number Density Median None N/A 2.31E+00 microns
Particle Size Number Density Mode None N/A 2.12E+00 microns
Particle Size Sauter Mean None N/A 1.50E+01 microns
Particle Size Sauter Mean 2 None N/A 1.79E+01 microns
Particle Size Volume Density Mean None N/A 1.95E+02 microns
Particle Size Volume Density Median None N/A 1.74E+02 microns
Particle Size Volume Density Mode None N/A 4.27E+02 microns
Percent Water 9.81E+01 % 7.94E+01 %
PH Measurement 1.35E+01 unitless 1.33E+01 unitless
Phosphate 1.24E+04 pg/mL 1.43E+05 pg/g
Phosphorus 3.41E+03 ug/mL 4.28E+04 ug/g
Platinum None N/A 5.00E+00 ug/g
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Table C-3. Concentration Limits for Resolution File. (7 Sheets)

Constituent Liquid Units Solid Units
Plutonium-236 1.00E-05 uCi/mL 3.92E-02 uCi/g
Plutonium-238 3.34E-02 puCi/mL | 2.61E+00 uCi/g
Plutonium-239 4.48E-02 pCi/mL | 1.78E+04 uCi/g
6.71E+00 pg/mL 2.00E+02 pg/g
Plutonium-239/240 4.01E-01 uCi/mL | 8.46E+00 uCi/g
Plutonium-240 1.86E-02 uCi/mL 8.41E-01 uCi/g
9.26E+00 pg/mL 1.85E+01 pg/g
Plutonium-241 9.09E-02 uCi/mL | 2.30E+01 uCi/g
Plutonium-242 None N/A 1.00E-02 uCi/g
2.78E+00 pg/mL 1.07E+01 pg/g
Potassium 3.76E+04 pg/mL 5.53E+04 pg/g
Potassium-40 2.72E+00 uCi/mL 5.11E+02 uCi/g
Praseodymium 4.45E+02 pug/mL 1.03E+04 ug/g
Protactinium-231 4.30E+01 pCi/mL 2.57E-01 uCi/g
5.15E+00 pg/mL 2.45E+01 pg/g
Protactinium-233 1.20E+00 | pCi/mL | 8.82E+01 uCi/g
Protactinium-234 2.03E+01 | uCi/mL | 7.46E+03 uCi/g
Radium-224 1.02E+01 | uCi/mL | 8.98E+02 uCi/g
Radium-226 1.19E+01 | pCi/mL | 2.71E+02 uCi/g
Rhenium 3.00E-01 pg/mL 1.27E+02 pg/g
Rhodium 7.65E+02 pg/mL 2.01E+04 pg/g
Rubidium 1.56E+03 ug/mL 4.13E+04 ng/g
Ruthenium 1.56E+03 pug/mL 4.03E+04 ug/g
Ruthenium/Rhodium-106 7.65E+00 puCi/mL 2.14E+02 uCi/g
Ruthenium-103 6.85E-01 uCi/mL | 1.32E+01 uCi/g
Ruthenium-106 1.70E+00 | pCi/mL | 1.71E+01 uCi/g
Samarium 1.20E+02 pg/mL 2.20E+03 ug/g
Selenium 1.50E+02 pg/mL 2.18E+03 ng/g
Selenium-75 6.95E-01 uCi/mL 5.62E+01 uCi/g
Selenium-79 1.75E-03 uCi/mL 1.10E-02 uCi/g
Settled Solids Density none N/A 1.89E+00 g/mL
Shear Strength none N/A 1.23E+05 | dynes/cm2
Silicon 5.08E+02 pg/mL 1.11E+04 ug/s
Silver 3.33E+01 pg/mL 5.86E+02 ug/g
Sodium 2.73E+05 pg/mL 3.01E+05 pg/g
Sodium-22 9.17E-02 | upCi/mL | 5.77E+01 uCi/g
Sodium-24 6.36E-02 puCi/mL | 4.06E+01 uCi/g
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Table C-3. Concentration Limits for Resolution File. (7 Sheets)

Constituent Liquid Units Solid Units
Solid Density none N/A 1.89E+00 g/mL
Specific Gravity 1.51E+00 unitless 2.68E+00 unitless
Strontium 1.20E+01 pg/mL 1.28E+03 ug/g
Strontium-85 6.07E-01 puCi/mL | 4.56E+01 uCi/g
Strontium-89/90 8.59E+01 uCi/mL 1.06E+04 uCi/g
Strontium-90 5.68E+01 uCi/mL | 4.59E+03 uCi/g
Sulfate 1.91E+04 pg/mL 7.86E+04 pg/g
Sulfur 6.07E+03 pg/mL 2.12E+04 pg/g
Tantalum 3.25E+02 pg/mL 1.03E+04 ug/g
Technetium-99 3.72E-01 pCi/mL 4.81E-01 uCi/g
2.52E+01 pg/mL 1.70E+01 pg/g
Technetium-99 (Free) 4.25E-01 uCi/mL None N/A
Technetium-99 (Pertechnetate) 1.64E-01 uCi/mL 1.01E-01 uCi/g
Tellurium 4.02E+02 pg/mL 1.01E+04 pg/g
Thallium 2.40E+02 pg/mL 4.43E+03 pg/g
Thallium-208 6.61E+00 puCi/mL | 5.33E+02 uCi/g
Thorium 1.00E+02 pg/mL 3.70E+03 pg/g
Thorium-228 1.39E+02 puCi/mL | 7.96E+02 uCi/g
Thorium-229 1.45E+00 uCi/mL 1.01E+02 uCi/g
9.40E+00 pg/mL 1.83E+01 pg/g
Thorium-230 4.87E+00 pg/mL 1.45E+01 pg/g
Thorium-232 1.07E+02 pug/mL 9.78E+02 ug/g
Thorium-234 2.08E+01 puCi/mL | 7.06E+02 uCi/g
Tin 3.79E+02 pg/mL 1.01E+04 ug/g
Tin-113 9.53E-01 uCi/mL | 5.65E+01 uCi/g
Tin-117 3.68E+01 pg/mL 6.14E+02 ug/g
Tin-126 2.00E+00 puCi/mL | 2.68E+00 uCi/g
6.08E+00 pg/mL 6.14E+02 pg/g
Titanium 1.20E+01 pug/mL 2.36E+02 ug/g
Total alpha energy emitted from Pu-238,Pu-
239,Pu-240,Pu-241 none N/A 1.45E+00 uCi/g
Total carbon 5.51E+04 pg/mL 4.01E+04 ug/g
Total inorganic carbon 1.78E+04 pg/mL 5.31E+04 ng/g
Total organic carbon 4.10E+04 ug/mL 2.93E+04 pg/g
Tributyl phosphate 1.85E+02 ug/mL 4.59E+02 ug/g
Tritium 4.14E-02 uCi/mL 3.54E-02 uCi/g
Tungsten 1.10E+03 pug/mL 1.03E+04 ug/g
Uranium 1.42E+03 pg/mL 4.12E+04 ug/g

C-11




RPP-7625 Rev. 12

Table C-3. Concentration Limits for Resolution File. (7 Sheets)

Constituent Liquid Units Solid Units
Uranium/Thorium-233 3.60E+02 pCi/mL 2.98E+04 uCi/g
Uranium-233 3.74E-04 puCi/mL | 2.09E+02 uCi/g

6.29E+00 pg/mL 4.71E+01 pg/g
Uranium-234 2.06E-04 puCi/mL 1.34E-02 uCi/g
6.34E+00 pg/mL 4.73E+01 pg/g
Uranium-235 7.29E-01 uCi/mL | 3.67E+01 uCi/g
9.42E+00 pg/mL 9.52E+02 pg/g
Uranium-236 4.05E-06 uCi/mL 4.11E-04 uCi/g
7.57E+00 pg/mL 6.33E+01 ug/g
Uranium-238 1.98E-04 pCi/mL 1.08E-02 uCi/g
3.27E+03 pg/mL 1.46E+05 pg/g
VVanadium 6.01E+01 pg/mL 1.10E+03 pg/g
Viscosity 7.66E-02 P 5.10E-01 P
\Weight percent oxide based on dry weight
solids 6.18E+01 % 7.99E+01 %
\Weight percent oxide based on wet weight
solids 2.82E+01 % 5.52E+01 %
\Weight percent oxides none N/A 6.49E+01 %
\Weight percent residual solids none N/A 6.45E+01 %
\Weight percent solids 5.69E+01 % 8.34E+01 %
Yield Stress none N/A 4.94E+01 | dynes/cm?2
Yttrium 5.25E+01 pug/mL 9.54E+02 ug/g
Yttrium-88 4.57E-02 puCi/mL | 3.19E+01 uCi/g
Zinc 7.46E+01 pg/mL 6.58E+02 ug/g
Zirconium 1.62E+02 pug/mL 9.05E+04 ug/g
Zirconium/Niobium-95 8.61E-01 uCi/mL 1.91E+02 uCi/g

Note:  N/A = not applicable

C-12




Tank

RPP-7625 Rev. 12

SAMPLE DATA REVIEW CHECKLIST

Reviewer

Date

Transmittal Document or Letter/Revision

Discrepancies in the sample data which have been flagged by the Resolve Tool must be
resolved as part of the data review. The reviewer must use the Resolve Tool to accept or
reject the data, add appropriate comments to the data and update the review status.

Review data marked “suspect” by the Resolve Tool. Ensure appropriate

comments and status are applied to both primary and duplicate samples as
appropriate. The list below shows items automatically reviewed/marked by the
Resolve Tool.

Note

Table C-1 (RPP-7625) Qutliers

GEA results for 2%pu

Ammonia results with hold times > 6 months

Any analyte concentration > 100% by mass (> 1E+6 ppm)
Hydrostatic head fluid intrusion indicated by Li/Br concentration

. Resolve Tool only marks Li and Br results as Data Suspect when

hydrostatic head fluid/LiBr solution intrusion contributes > 50% of wt % water in
sample. Reviewer must submit a DDF to address other results associated with the
identified segment or sample.

Review data marked as “Data Resolution in Progress” by the Resolve Tool.

Review QA/QC and compare with other available data to determine resolution.
Submit status update via Resolve Tool.

Check the ICP:F results for Zr or Ni if a suffix Z or F is found in the lab
sample ID. (Resolution Criteria: Was a Zr or Ni crucible used? Compare
acid and fusion results)

Compare oxalate and TOC results. The oxalate concentration times a
factor of 0.273 should be less than TOC concentration. (Resolution
criteria: Are quality control (QC) results within acceptable limits? Were
other analytes for the same sample and method accepted?)

For liquids, verify that the specific gravity and density values are between
1.0 and 1.6 (g/mL).

For solids, verify that the density and specific gravity values are between
1.0 and 2.0.
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= Check results exceeding the concentrations listed in Table C-3 of
RPP-7625 (potential outliers). The concentrations in Table C-3 were
derived from an algorithm applied to results in TCD.

= Verify that the 1*Eu to *°Eu ratio is between 0.8 and 11. (During a
transition period, the RESOLVE tool will continue to use a ratio range of
0.4 to 5.0 based on a radioactive decay date of 1-1-2004).

= Check for QC data which is outside of the TSAP QC limits. If QC data is
outside the TSAP QC limits, all results associated with that QC data
should be marked either REVIEWED: SEE COMMENT or DATA
SUSPECT: SEE COMMENT. Add an appropriate comment.

Review OH and pH data:

____ Check the Al concentration (Al is not very soluble at low pH. High Al
in a low pH solution indicates a potential problem). Check for Na
interference if pH >12 (e.g. check against OH results and previous pH
data if available)

____ Determine if the free OH concentration calculated from pH differs by
more than a factor of two from the directly measured free OH
concentration. (Note: Resolve Tool can only do comparison if pH
and OH have same sample number. Otherwise, comparison must be
done manually). Use the following table to select the preferred pH or
OH results. If there is a discrepancy between pH and OH data, check
with the laboratory (e.g. review titration curves with the chemist).

Result Actions/Resolution

pH <12 or Use pH. pH is generally more reliable at low OH
concentrations. Titration is not reliable in this range.

OH<0.01 M . .
- Low OH concentration may be due to incomplete
titration.
pH > 13 or Use OH. The pH meter is not calibrated in this
OH > 0.1M range. Titration is more reliable at high OH
- concentrations.
12<pH<13o0r Areas of uncertainty in both measurement methods.

Use OH unless the above OH and pH checks

_ < <0. P i
001IM<OH<0.1M indicate otherwise.

Evaluate recoveries of laboratory standards. Laboratory standard recoveries
should be between 50 and 150%. If not, compare data to other results which have
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standard recoveries within the 50 to 150% range. If comparable, the results
should be considered usable.

Ensure that ICP/MS results for *’AMU (**Cs) are not used for BBI (Results
should be labeled REVIEWED: NOT FOR INVENTORY rather than DATA
SUSPECT: SEE COMMENT).

Compare total alpha to sum of actinide results. If the difference is significant,
check for possible interference that could affect the total alpha results.

Compare total Uranium (ICP/AES) to sum of U isotopes (ICP/MS).
Compare Th (ICP) and Th-232 (ICP/MS) results.

Compare S and SOq results. In most cases, (SO4 * 0.3338) should be
approximately equal to S.

Compare P and POg4 results. In most cases, (PO4 *0.3261) should be
approximately equal to P.

Verify that the 23Pu to 23%24Py ratio in samples is < 15%.

Review Se results by ICP for potential interference from Al, Fe, or other metals
(e.g., check spike and serial dilution results).

Check sample results flagged with a “B.” All Primary, Duplicate, and Triplicate
results for the analyte associated with the detected blank (i.e., analyzed in the
same batch as the blank) should be marked either REVIEWED: SEE
COMMENT or DATA SUSPECT: SEE COMMENT.

Check field blanks for detected results. If a field blank result is above the
Estimated Quantitation Limit (i.e., the blank result is not flagged with a J
qualifier), all Primary, Duplicate, and Triplicate results for the analyte associated
with the blank (i.e., results from samples taken in the same sampling event)
should be marked either REVIEWED: SEE COMMENT or DATA SUSPECT:
SEE COMMENT if the potential contamination exceeds 5% of the sample results.

General Data Review

Review laboratory report for any problems/issues that may affect the analytical
results (e.g. incomplete dissolution/digestion of sample).

Review data set for omissions in results (Check against TSAP and the laboratory
data report).
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Check data flags against the laboratory data report.

Review the data for unexpected results or results not consistent with other data
and BBI.

Review/Determine phase assignment for solids samples (Saltcake/Sludge/Mix)
and update TWINS as needed.

Prepare and obtain approval for Data Deficiency Form as necessary.

Data Use

Are data acceptable for use in BBI? YES/NO (Circle One)

Notes:
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APPENDIX D

MASS SPECTROMETRY PROTOCOL AND DECAY/SPECIFIC ACTIVITY
VALUES USED IN BBI
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MASS SPECTROMETRY PROTOCOL AND DECAY/SPECIFIC ACTIVITY
VALUES USED IN BBI

Interpretation of mass spectrometry data used in the BBI is discussed in Table D-1. Specific
activities of radionuclides in BBI are listed in Table D-2.

Table D-1. Best-Basis Interpretation of Mass Spectrometry Data. (2 Sheets)

Significant Comments
Atomic Mass Contributors Assumed Isotope

90 0Sr and %0zr -- Zirconium-90 is naturally occurring
(51.45% of natural zirconium) and is the
eventual decay product of strontium-90.

93 9Zr,%"Nb and **Nb sZr Zirconium-93 has a long half-life (1.5E+06
years). The mass of this isotope will far
exceed the daughter products.

99 %Ru and *Tc ®Tc ORIGEN2 predicts a total underground
storage (UGS) *°Ru inventory of 246 grams.

117 11'mgn and 7Sn 1173 11"mgn has a short half-life (13.6 days).
1173n is stable.

126 126Te and 1%63n 1269 ORIGEN2 indicates that 1?6Te contributes ~
2% of UGS total 126 atomic mass.

129 129| 129|

133 133Cs 133Cs

135 1%5Ba and *°Cs 135Cs ORIGEN?2 predicts a total UGS **Ba
inventory of ~11grams.

137 1%7Ba and ¥¥'Cs - Both are present in significant quantities.

151 151Sm and %'Eu - 67 to 76% is >'Sm

228 228Ra and ?2Th - Can assume to be 22Th if BiPO, or REDOX
wastes. For PUREX wastes, the relative
quantities of 22Ra and ?2Th are variable
due to the THOREX runs (%2Th decays to
228Rq).

229 29Th 29Th

230 20Th 20Th

231 21pg 231pg

232 2321 and %%2Th 232Th Global UGS 32U inventory is ~0.4 grams.

233 233U 233U

234 234U 234U

235 235U 235U

236 236U 236U

237 237Np 237Np
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Table D-1. Best-Basis Interpretation of Mass Spectrometry Data. (2 Sheets)

Significant Comments
Atomic Mass Contributors Assumed Isotope

238 238py and 28U 238y Global UGS #%Pu inventory is ~ 120 grams,
which is insignificant compared to the
global 28U inventory of ~6.2E+08 grams.

239 29py 29py

240 240py, 240py,

241 241py and !Am 21Am On a global basis, approximately 98 wt% is
241Am.

242 242mam and 2#2Pu 242py The global 2*?Pu inventory is ~200 grams.
ORIGEN?2 predicts a total UGS 2#2mAm
inventory of ~8.5 grams. The global UGS
242Cm inventory is < 0.1 gram.

243 243Cm and 23Am 23Am 243Cm contributes < 1% of the total UGS
243 atomic mass.

244 24Cm 244Cm 244Cm contributes > 99% of the total UGS
244 atomic mass (which is less than 10
grams).

Notes:

1. Global inventories refer to the tank sum of the Best-Basis Inventories effective 4/1/04.

2. ORIGENS2 provides the basis for mass comparisons of isobaric elements in Hanford UGS wastes (including
the Best-Basis global inventories).

3. Additional discussion of mass spectrometry results can be found in the Tank Characterization Database User's Guide
under the topic "Name Convention for Reporting Actinides by ICP/MS.”

Table D-2. Specific Activities of Best-Basis Radionuclides (Curies per gram of isotope)

(2 Sheets)
Alt. Radionuclide | Atomic Mass Half-life Half-life Specific Activity
Radionuclide Name (AMU) (years) (sec) (Ci/g isotope)
H-3 3H 3.02 1.23E+01 3.89E+08 9.62E+03
C-14 14C 14 5.72E+03 1.80E+11 4.47E+00
Co-60 60Co 60 5.27E+00 1.66E+08 1.13E+03
Ni-59 59Ni 59 7.60E+04 2.40E+12 7.97E-02
Ni-63 63Ni 63 1.00E+02 3.16E+09 5.67E+01
Se-79 79Se 79 2.90E+05 9.15E+12 1.56E-02
Sr-90 90Sr 90 2.88E+01 9.08E+08 1.38E+02
Y-90 90Y 90 7.31E-03 2.31E+05 5.43E+05
Zr-93 93zr 93 1.50E+06 4.73E+13 2.56E-03
Nb-93m 93mNb 93 1.61E+01 5.08E+08 2.39E+02
Tc-99 99Tc 99 2.13E+05 6.72E+12 1.70E-02
Ru-106 106Ru 106 1.02E+00 3.22E+07 3.31E+03
Cd-113m 113mCd 113 1.41E+01 4.45E+08 2.24E+02
Sh-125 125Sh 125 2.76E+00 8.70E+07 1.04E+03
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Table D-2. Specific Activities of Best-Basis Radionuclides (Curies per gram of isotope)

(2 Sheets)
Alt. Radionuclide | Atomic Mass Half-life Half-life Specific Activity
Radionuclide Name (AMU) (years) (sec) (Cilg isotope)
Sn-126 126Sn 126 2.30E+05 7.26E+12 1.23E-02
1-129 1291 129 1.57E+07 4.95E+14 1.77E-04
Cs-134 134Cs 134 2.07E+00 6.52E+07 1.29E+03
Cs-137 137Cs 137 3.01E+01 9.49E+08 8.68E+01
Ba-137m 137mBa 137 4.85E-06 1.53E+02 5.38E+08
Sm-151 151Sm 151 9.00E+01 2.84E+09 2.63E+01
Eu-152 152Eu 152 1.35E+01 4.27E+08 1.74E+02
Eu-154 154Eu 154 8.59E+00 2.71E+08 2.70E+02
Eu-155 155Eu 155 4.75E+00 1.50E+08 4.86E+02
Ra-226 226Ra 226 1.60E+03 5.05E+10 9.89E-01
Ra-228 228Ra 228 5.76E+00 1.82E+08 2.72E+02
Ac-227 227Ac 227 2.18E+01 6.87E+08 7.23E+01
Th-229 229Th 229 7.30E+03 2.30E+11 2.14E-01
Th-232 232Th 232 1.40E+10 4.42E+17 1.10E-07
Pa-231 231Pa 231 3.28E+04 1.04E+12 4.72E-02
U-232 232U 232 6.98E+01 2.20E+09 2.21E+01
U-233 233U 233 1.59E+05 5.02E+12 9.64E-03
U-234 234U 234 2.46E+05 7.76E+12 6.21E-03
U-235 235U 235 7.04E+08 2.22E+16 2.16E-06
U-236 236U 236 2.34E+07 7.39E+14 6.47E-05
U-238 238U 238 4.47E+09 1.41E+17 3.36E-07
Np-237 237Np 237 2.14E+06 6.75E+13 7.05E-04
Pu-238 238Pu 238 8.77E+01 2.77E+09 1.71E+01
Pu-239 239Pu 239 2.41E+04 7.61E+11 6.21E-02
Pu-240 240Pu 240 6.56E+03 2.07E+11 2.27E-01
Pu-241 241Pu 241 1.44E+01 4.54E+08 1.03E+02
Pu-242 242Pu 242 3.75E+05 1.18E+13 3.94E-03
Am-241 241Am 241 4.33E+02 1.37E+10 3.43E+00
Am-243 243Am 243 7.37E+03 2.33E+11 2.00E-01
Cm-242 242Cm 242 4.46E-01 1.41E+07 3.31E+03
Cm-243 243Cm 243 2.91E+01 9.18E+08 5.06E+01
Cm-244 244Cm 244 1.81E+01 5.71E+08 8.10E+01

Notes: Cm-242 is in equilibrium with Am-242m, which has a half-life of 141 years. This is accounted for by the
BBI decay calculations. The data for Se-79 and Sn-126 have been updated to the Sixteen Edition of the Chart of

the Nuclides.

D-4




RPP-7625 Rev. 12

APPENDIX E

ESTIMATION OF OXALATE BASED ON TOTAL ORGANIC CARBON
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E1.0 INTRODUCTION

The following describes the development of ratios used to estimate oxalate from the TOC
inventory based on waste type.

E2.0 BASIS OF OXALATE RATIOS

Oxalate ion (C20472) was added to the list of BBI standard analytes in 2004 to support HTWOS
modeling and Waste Treatment and Immobilization Plant (WTP) planning. The addition of
oxalate allows improvements in the estimation of solids levels resulting from waste retrieval and
mixing of supernatants, prediction of processing times required for solids pretreatment
(Technical Integration Activity - Meeting Minutes for October 9, 2003) and tailoring of chemical
formulations for waste vitrification. This section provides recommendations for estimating
oxalate concentrations based on TOC when sample data are not available.

A requirement for standard BBI analytes is that an estimate of the analyte concentration must be
available for all waste layers in each of the 177 underground storage tanks. Since oxalate
contains organic carbon which constitutes a portion of the TOC, the oxalate concentrations can
be estimated based on a fraction of the TOC calculated for each waste type from available BBI
data. The BBIM tool (SQL database) was programmed to estimate oxalate concentrations from
TOC whenever sample data are unavailable or when no selection is made from available data.
The TOC concentration for a waste type is multiplied by the applicable fraction and then divided
by 0.273 grams carbon per gram oxalate to estimate the oxalate concentration.

The BBI Calculation Detail Reports for oxalate (a supplemental analyte at the time) and TOC (a
standard BBI analyte) were originally downloaded from the TWINS (March 2004). The fraction
of the TOC attributable to oxalate was calculated in a spreadsheet for each waste type based on
available data (downloaded oxalate data were entirely sample-based). When data were not
available for a waste type, the fraction was estimated from similar waste types, set to zero if no
oxalate was expected or assumed to be equivalent to the mass weighted average for the waste
phase (or portion thereof). The original factors were reported in Internal Memorandum
“Estimation of Oxalate Based on Total Organic Carbon,” (7G410-04-DEP-001 — Letter). Per the
recommendation of the letter, the factors were recalculated in September 2005 following the BBI
inclusion of additional oxalate sample data (SVF-1020, “BBI Estimation of Oxalate from
TOC.XLS”). The resulting fractions of TOC attributable to oxalate are provided in Table E-1.

The fraction of the global oxalate inventory based on sample data was estimated to be 71% as of
August 15, 2005 ,with an additional 13% based on engineering estimates. The fraction of the
oxalate “calculated” using the factors in Table E-1 is only 16%. It should not be necessary to
perform any future updates of the Table E-1 factors.
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Table E-1. Predicted Fraction of Total Organic Carbon Attributable to Oxalate. (3

Sheets)

Assigned Fraction of

Waste Organic Carbon
Phase Waste Type Attributable to Oxalate Comment
Saltcake A1-SItCk (Solid) 49.6%
A2-SItSIr (Solid) 29.5%
Set equal to mass weighted average for
B-SItCk (Solid) 51.7% available saltcake data.
BY-SItCk (Solid) 88.5%
R-SItCk (Solid) 45.1%
S1-SltCk (Solid) 42.1%
S2-SltSIr (Solid) 49.4%
Set equal to mass weighted average for
T1-SItCk (Solid) 51.7% available saltcake data.
T2-SItCk (Solid) 18.4%
Set equal to mass weighted average for
NA (SItCk) 51.7% available saltcake data.
Sludge 1C (Solid) 12.5%
Set equal to 1C waste from which this waste
1CFeCN (Solid) 12.5% stream is derived.
224-1 (Solid) 66.7% Set equal to 224-2 waste type.
224-2 (Solid) 66.7%
Set equal to the 1C waste type (another
2C (Solid) 12.5% BiPO4 waste stream).
AR (Solid) 16.4%
Set equal to the mass weighted average for
B (Solid) 31.5% all sludges.
BL (Solid) 7.2%
CWP1 (Solid) 8.4%
CWP?2 (Solid) 26.7%
CWR1 (Solid) 24.9%
CWR?2 (Solid) 61.5%
CWZrl (Solid) 18.5%
CWZr2 (Solid) 12.4%
DE (Solid) 7.7%
HS (Solid) 12.7%
Set equal to the mass weighted average for
MW1 (Solid) 31.5% all sludges.
Set equal to the mass weighted average for
MW?2 (solid) 31.5% all sludges.
OWW3 (Solid) 10.8%
Set equal to P3AZ1 which is a PUREX HLW
P1 (Solid) 98.0% sludge
Set equal to P3AZ1 which is a PUREX HLW
P2 (Solid) 98.0% sludge
P3AZ1 (Solid) 98.0%
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Table E-1. Predicted Fraction of Total Organic Carbon Attributable to Oxalate. (3

Sheets)

Assigned Fraction of

Waste Organic Carbon
Phase Waste Type Attributable to Oxalate Comment
Set equal to P3AZ1 which is a very similar
PUREX HLW sludge produced in the same
P3AZ2 (Solid) 98.0% time period.
PFeCN (Solid) 15.0%
PL2 (Solid) 28.9%
Factor is immaterial because the single
Portland Cement Portland Cement layer is not expected to
(Solid) 0.0% contain significant organic material.
R1 (Solid) 62.4%
R2 (Solid) 71.1%
SRR (Solid) 37.4%
Set equal to TBP waste type from which this
TBP (Solid) 7.7% process stream was derived.
TFeCN (Solid) 7.7%
Set equal to TH2 waste type, which was
also produced from the processing of thoria
TH1 (Solid) 10.8% target material.
TH2 (Solid) 10.8%
Z (Solid) 30.6%
NA (Sludge) 55.5%
Liquid A1-SICk (Liquid) 3.5%
A2-SItSIr (Liquid) 1.9%
Assigned weighted average value for other
B-SItCk (Liquid) 1.9% saltcake liquids.
BY-SItCk (Liquid) 9.1%
Assigned weighted average value for other
R-SItCk (Liquid) 1.9% saltcake liguids.
S1-SItCk (Liquid) 1.4%
S2-SltSIr (Liquid) 1.9%
Assigned weighted average value for other
T1-SItCk (Liquid) 1.9% saltcake liquids.
T2-SltCk (Liquid) 1.8%
Assigned weighted average value for other
1C1 (Liquid) 8.4% sludge liquids.
Assigned weighted average value for other
1C2 (Liquid) 8.4% sludge liquids.
Assigned weighted average value for other
224-1 (Liquid) 8.4% sludge liquids.
Assigned weighted average value for other
224-2 (Liquid) 8.4% sludge liquids.
Assigned weighted average value for other
2C1 (Liquid) 8.4% sludge liquids.
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Table E-1. Predicted Fraction of Total Organic Carbon Attributable to Oxalate. (3

Sheets)
Assigned Fraction of
Waste Organic Carbon
Phase Waste Type Attributable to Oxalate Comment

Assigned weighted average value for other
2C2 (Liquid) 8.4% sludge liquids.
BL (Liguid) 48.1%

Assigned weighted average value for other
CSR (Liquid) 8.4% sludge liquids.

Assigned weighted average value for other
CWP1 (Liquid) 8.4% sludge liquids.

Assigned weighted average value for other
CWP2 (Liquid) 8.4% sludge liquids.

Assigned weighted average value for other
CWR1 (Liquid) 8.4% sludge liquids.

Assigned weighted average value for other
CWZr2 (Liquid) 8.4% sludge liquids.

Assigned weighted average value for other
DW (Liquid) 8.4% sludge liquids.
P3AZ1 (Liquid) 54.1%
P3AZ2 (Liquid) 30.4%

Assigned weighted average value for other
PL2 (Liquid) 8.4% sludge liquids.
SRR (Liquid) 14.6%
Waste Transfer 16.9%

Assigned weighted average value for other
Z (Liquid) 8.4% sludge liquids.
NA (Liquid) 5.2%

E3.0 REFERENCES

7G410-04-DEP-001, 2004, “Estimation of Oxalate Based on Total Organic Carbon,” (Internal
Memorandum from D. E. Place to K. M. Bowen, April 28) CH2M HILL Hanford Group,
Inc., Richland, Washington.

Tank Waste Information Network System (TWINS), Queried March 10, 2004, [Best Basis
Inventory/Best Basis Calculation Detail and Best Basis Inventory/Best Basis Calculation
Detail-Supplemental Analytes], https://twins.labworks.org/twinsdata/Forms/About.aspx].

CH2M HILL, 2003, Technical Integration Activity - Meeting Minutes for October 9, 2003,
CH2M HILL Hanford Group, Inc., Richland, Washington.

SVF-1020, 2005, “BBI Estimation of Oxalate from TOC.XLS”, Rev. 0, CH2M HILL Hanford
Group, Inc., Richland, Washington.
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APPENDIX F

FREE HYDROXIDE INVENTORY ESTIMATES
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BBI free hydroxide inventories are now required for all waste layers in the 177 underground
storage (UGS) tanks. The hierachy for data selection are generally, (1) sample data, (2) process
estimates based on sample data or other information, (3) sample-based templates and (4)
extrapolation of free hydroxide data from a phase that is in contact with and thought to be in
chemical equilibrium with the layer lacking data. If none of these data sources are available, the
BBIM will automatically calculate free hydroxide concentration and inventory based on the BBI
nitrite inventory.

1. Sample data are always the preferred data source for BBI analyte inventories.

2. Process knowledge estimates may be based on waste transfer material balances, pre-1989
sample data, process development test results or process operations which neutralize all
free hydroxide or wash free hydroxide from a solid phase.

3. Sample-based template free hydroxide concentrations should be utilized if sample or
process knowledge data are not available. Solid template free OH concentrations are
available only for A2-SItSIr and S1-SItCk. Liquid template free OH concentrations are
available for A1-SItCk, A2-SItSIr, S1-SItCk, S2-SItSIr and T2-SItCk.

4. The extrapolation of free hydroxide data from one phase to an equilibrium phase assumes
that the ratio of hydroxide to water is constant (i.e. hydroxide is always in solution). This
is a very reasonable assumption for Hanford wastes given the high solubility of sodium
hydroxide. This extrapolation should only be made when the free hydroxide
concentration is sample based or derived from sample data (e.g. reconstitution of
centrifuged solids/liquid data or waste transfer material balances), the wt% water of both
phases are sample based and it can be reasonably be assumed that the phases are in
chemical equilibrium. In general, this methodology will be limited to saltcakes due to the
availability of data.

As an example, consider the extrapolation of the free hydroxide concentration from an
interstitial liquid (in units of pg/mL) to the solid (units of pg/g) where density is in g/mL.
The formula is:

OHLiquid % Wt% Waters()”d

Solid DenSityLiquid Wt% WaterLiquid

A solid phase free hydroxide concentration could also be extrapolated to a liquid phase.
The equation for extrapolating a solid phase concentration to a liquid would be:

Wt% WateTSOlid
X
Wt% Water,iquia

OHLiquid = OHgppig X DenSityLiquid
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5. The default estimate of the free hydroxide inventory is based on Environmental
Simulation Program (ESP) modeling of the tank wastes performed by PNNL in 2002.
The free OH to nitrite ratio predicted by ESP for a tank is simply multiplied by the BBI
nitrite inventory. This estimation method is identical to that utilized in RPP-30604, Tank
Farms Safety Analyses Chemical Source Term Methodology for solid wastes, but differs
for liquids in that the estimated concentration is adjusted by the nitrite ratio rather than
accepting the ESP free OH estimate directly. This calculation has been programmed into
the BBIM tool and will be implemented automatically if no other source for the free
hydroxide concentration is selected in the radiobutton report.

The initial population of free hydroxide concentration estimates was made in spreadsheet
SVF-1679, “Estimation of Free Hydroxide Concentrations for BBI - Rev 1.xIs”. The hierarchy
for free hydroxide estimates is primarily based on engineering judgement. An evaluation of the
process knowledge estimates against existing sample data or existing estimates traceable to
sample data (SVF-1679) did not conclusively show that any method was consistently superior.
The global free hydroxide inventory estimated from the above methods would be expected to be
reasonably accurate. Estimates for individual waste layers may differ significantly from actual
concentrations based on the spreadsheet comparisons to existing sample data and waste transfer
estimates,
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G1.0 INTRODUCTION

Radioactive decay occurs when an atom of a parent radioactive isotope decays to its daughter
product. When that daughter product is also radioactive and decays to form a different daughter
product of its own, this is referred to as “second order decay.” Decay chains can go on and on
until a stable product is reached.

BBI accounts for second-order decay when the daughter product is produced at a rate which is
significant over the time frame important to BBI evaluations. In cases where the daughter
product has a very short half life, such as °°Y and *'™Ba, any of the daughter isotopes initially
present decays away and decays at the same rate it is produced by the parent. Example second-
order decay chains used in the Best-Basis Inventory calculations include ?**Pu which decays to
21Am, 222 Am which decays to 2’Np, 232Th which decays to 22Ra, 2'Pa which decays to ?*’Ac,
and %Zr which decays to **™Nb. This is shown in Equation G1, where:

Np = Number of atoms of the parent isotope

Np = Number of atoms of the daughter isotope

Ap = Disintegration constant of Parent = In(2) / half-life of the parent

Ap = Disintegration constant of Daughter = In(2) / half-life of the daughter

A 2
Np = Np 3. Equation G1

The activities of the parent (Ap) and daughter (Ap) radioisotopes are directly related to their
respective number of atoms by Equations G2 and G3:

Ap = ApNp Equation G2
Ap = ApNp Equation G3

The basic equation for the radioactivity of an isotope is therefore A(t)=AN, where A=(In2)/t12
and tu2 is the half-life of the isotope.

The number of atoms of the parent and daughter isotopes in a decay series at time t is obtained
through a series of differential equations relating the product with its disintegration constant.
Each decay series begins with the rate of transformation of the parent isotopes with respect to
time. The parent has no production rate, and only has a loss due to the rate of transformation of
the parent (ApNp) as shown by Equation G4 below.

— = —1pNp Equation G4

The second radionuclide in the decay series (e.g. the daughter) is produced at a rate of ApNp from
the parent isotope and lost due to the rate of transformation of the daughter (AoNb). Thus, the
rate of change of the daughter can be written as shown in Equation G5.

G-2
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dc% = ApNp — ApNp Equation G5
Here, the daughter isotope is produced from the parent and lost due to its own radioactive decay.
Taking the integral of both Equations G4 and G5, we can determine the number of atoms of both
parent and daughter isotopes as a function of time.

Once we have calculated the number of atoms of the parent and daughter isotopes as a function
of time, we can calculate the activity (Curies) of the parent and daughter using the Equations G2
and G3. This will be shown later.

Note that both the number of atoms and activity of the parent and daughter isotopes are time
dependent parameters.

G2.0 Derivation of Parent First-Order Decay Equation

Beginning with the equation for the rate of transformation of the parent isotope with respect to
time, we can integrate and come up with the solution for Np as a function of time as well as Ar as
a function of time. We begin with Equation G4, reproduced here.

dNp

e —ApNp Equation G4
Multiply both sides by dt:
dNp = —ApNpdt Equation G6
Gather like terms by dividing both sides by Np:
%” = —Apdt Equation G7

Now we can integrate using the following two boundary conditions:
(1) attime t =0, Np = Np,o and
(2) at time t =t, Np = Np(t)

NP=Np(t) de _ t=t_ )
przNP,O N_P - ft:o APdt Equatlon G8

The integral of (dNp/Np) is the natural logarithm of Np [e.g. In(Np)].

In[Np(£)] = In(Np ) = —Apt — (—2p % 0) Equation G9

G-3
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