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1.0 Introduction

This report documents the procedures and techniques utilized in the collection and analysis of analyte
input data values in support of the flammable gas hazard safety analyses. This document represents
the analyses of data current at the time of its writing and does not account for data available since then.

2.0 Purpose

The purpose of this document is to validate the waste tank input data for the hydrogen generation rate
model and update the input values with the most current waste tank information. This calculation note
also provides value estimates for those tanks missing data and combines the input data values for both
Single Shell (SST) and Double Shell (DST) waste tanks.

3.0 Methodology

In this calculation note the Best Basis Calculation Detail (BBCD), part of the Best Basis Inventory
(BBI) database contained within the Tank Waste Information Network (TWINS3) website, was
queried for the desired constituents (Al, NO;, NOs;, TOC, Cs'’, $r°°) on a tank by tank basis. The
input data collected for the individual waste tanks were categorized into three waste layer types, liquid,
salt cake and sludge. The BBCD input data values were collected on 11/23/99 and are current as of
this date. -

The input data values for the weight percent water (H,O wt %) were queried for all tanks from the
sample analysis results in the Tank Characterization Database (TCD), also included within the
TWINS3 website. The data were filtered to select the primary and duplicate analysis results and then
separated into liquid and solid datasets with all questionable values removed for use in averaging
calculations. The results for the hquid and solid data sets were then averaged for each tank on a layer
basis using Microsoft Excel®. The total H;O wt % for each tank was calculated as a mass ratio using
the waste layer densities and volumes.

The tanks were defined by layer volumes and grouped according to waste form subsets, Barker et aI
(1999), and described in Table 1.

Table 1. Waste Form Groups (2 pages)

Name Description ) Abbreviation
Liquid At least 97 volume % liguids. ‘ LIQ
Mixed Sludee- Greater than 3 volume % solids; solids composition less than 70
Saltcake w/o E’ uid volume % mixture of sludge and saltcake. Liquid layer less than | MIX-NL
T I meter thick.

Greater than 3 volume % solids; solids corﬁpnsition greater than or

Saltcakc/lSalF Shurry equal to 70 volume % saltcake/salt slurry. Liquid layer greater than 1| SC/SS-LIQ
w/ liquid ‘
meter thick. ]
Saltcake/Salt Slu Greater than 3 volume % solids; solids composition greater than or
At SIUITY equal to 70 volume % saltcake/salt slurry. Liquid layer less than | SC/SS-NL
wio liquid meter thick

® Excel is a registered trademark of Microsoft Corporation
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Table 1. Waste Form Groups (2 pages)

_. Name W _ _ Description Abbreviation
Greater than 3 volume % solids; solids composition greater than or
Sludge w/ Liquid |equal to 70 volume % sludge. Liquid layer greater than 1 meter SL-LIQ J
thick.
______ ) ... |Greater than 3 volume % solids; solids composition greater than or ' '
Sludge w/o Liquid equal to 70 volume % studge. Liquid fayer less than I meter thick. SL-NL

For each waste form groups that contained a missing value for any of the aforementioned constituents,
a default number value was assigned based on the available data from other tanks within the same
subset. The default number, a highlighted negative value (see Table 2 & Table 3), is a placeholder that
associates a particular distribution function (see Table 4) for the missing data value.

The default distributions are based on the waste form subsets and developed via a statistical analysis
software program, Crystal Ball®. Crystal Ball® is a Microsoft Excel® add-in tool that uses Monte
Carlo simulation to help analyze the risks and uncertainties associated with spreadsheet models. From
the defined distributions, the normal space mean value (average) is selected to represent the default
distribution value for all tanks without data in the specific waste form type and group.

3.1 Assumptions

The assumption is that the data contained within the Tank Waste Information Network has been
checked and reviewed to insure that all values are accurate and any inconsistencies are documented. It
is also assumed that the values represented in the various databases are the most current and best
version of all available data.

4.0 Calculations & Input Data

For the components, Al, NO,, NO3 and TOC, the units are reported in micrograms per gram (ug/g).
The values are multiplied by the layer densities (g/ml) to obtain the desired units, micrograms per
milliliter (ng/ml). Equation | and 2 are examples for aluminum.

ConcAl-—u—g = Densityg’- X ConcAl-B—% Equation 1
ml ml

The total concentration of the constituents listed along with total density in each tank is calculated as a
volume ratio of the concentration in the layers versus the total volume of the tank:

Concyy, x VAIL) + (COHCAISL- x VAlsc) + (ConcAISL X VAISL) .
Concal,. = Equation 2
! (VAl +Val +Va )
L 5C sL
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For the radionuclides Cs'*” & Sr’°, the reported values were already in the desired units, microcuries
per gram (UCi/g). To determine the total tank concentrations these values must be ratioed on a mass
weighted average basis, as shown by the following equation:

H(Csm?)l_ X V(C5137)L x D(Cs‘”)lj + [(Cs”")scx V(CSIB_])SCX D(Cs‘”}SJ + [(C5137)5Lx V(Csw-,)SLx D(Csl37)SIJ:I

{cs'2) =
= T Pl ] e e Pl Ve e

Equation 3

All the reported BBCD and calculated total concentration values were compiled, Table 2, with the
desired input data points that are missing represented by highlighted cells containing a default
placeholder number (-8XX). Table 3 contains the TCD data for the weight percent H,O, also with
default placeholder numbers for nonexistent values.
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The tanks were categorized by waste group type and layer definitions and then sorted by the individual
constituents for assessment. These waste group subsets are then assigned a distribution number value,
corresponding to the default number (-8XX) in the previous tables, for further analysis. For the tanks
with missing data in one or more constituents, statistical analysis methods were utilized to develop

reasonable values.

To use the statistical analysis program, Crystal Ball®, initial assumption and forecast values are chosen
which allows the software to select the optimum distribution. For this study the possible distributions
were limited to five that were easily reproducible; the normal, lognormal, exponential, triangular and
linear distributions. Once the best possible distribution was chosen to fit the waste group data, the
input conditions were adjusted to remove negative values and recorded in the spreadsheet (Figure 1).

1.51E+04
3.02E+04

SCISS - LIQ € waste group type

Assumption 25,000 € Input value, an initial guess for the Crystai Ball (CB) program

Forecast 25,000 @ Cell value equal to Assumption value cell

3.86E+04
4. 11E+04
3.22E+03

Normat Distribution € Optimum distribution type evaluated from dataset by CB program

log mean

2.93E+02

2.57E+04

log stddev
min 0

3.21E+04{max 72,940

1.09E+03

likeliest

8.16E+03

mean 26,823

2.55E+04

stddev 14,763

4. 58E+04)rate

4.14E+04
4.46E+04
5.36E+04
2.59E+04
1.80E+04
3.25E+04
2.98E+04
1.13E+04
2.64E+04
3.29E+04
Pl 2.92E+04

@ Initial probability distribution parameters from CB
program, dependent on type of distribution chosen.

A Number placehdlder associated to the values calculated from the
above distribution type and initial conditions for the waste group and layer of

interest.

A Tank id A Dataset values
Figure 1. Dataset for Distribution Analysis, Input Conditions and Distribution Number.

The statistical software utilizes a random number generator along with the optimum distribution and
initial probability distribution parameters (Table 4) to forecast a frequency chart (Figure 2) and
distribution tables (Figure 3) that will be utilized in determining values for the missing waste tank data.
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Output chart and values from the Crystal Ball® program

0

Forecast: Al Liquid (SS/SC)
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Figure 2. Frequency Chart Output from Crystal Ball (CB} Statistical Analysis Software.

Table _

Forecast: Al Liquid {SS/SC) Forecast: Al Liquid (SS/SC)
Statistic Value Percentile Value

Trials 2,500 0% 5
Mean 27,469 10% 9,622
Median 26,626 20% 15,046
Mode 30% 19,647
Standard Deviation 13,571 40% 23,017
Variance 184,171,904 50% 26,626
Skewness 0.26 60% 30,597
Kurtosis 2.59 70% 34 653
Coeff. of Variability 0.49 80% 39,312
Range Minimum 5 90% 45,598
Range Maximum 70,205 100% 70,205
Range Width 70,200

Mean Std. Error 271.42

Figure 3. Distribution Output of CB Statistical Analysis Software.

The statistic values generated from the Crystal Ball software for all distributions were then compiled
into a reference table (Table 5).
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The mean value from Table 5 is then used as the input value for all tanks that do not have other data
and fit the waste type and constituent criteria for that distribution.

Once the distribution values are input into Tables 2 and 3, then the new total concentrations can be
calculated using the volume or mass weighted ratioing as described in equations 2 & 3.

The same type of volume rationing utilized, for the total tank constituents, in equation 2 is also used to
convert the salt cake (SC) and sludge (SL) layer concentrations into one solid layer concentration value
for each tank:

[(ConCA'Sc‘ VA'SC) i (ConCNSL ‘ VAISL):l
Concy, = (VAI +Vy, ) | Equation 4
SC SL.

The radionuclides are ratioed by mass average, to obtain the solids as one layer from the saltcake and
sludge layers

- [0 e Vieomy_Breimy | [ 5 o Vi, B |

H V(Csm)scl D(Csﬁjsc + |:V(C5137)5L- D(CS137)SLH Equation 5

The weight percent H;O data from the TCD is reported in solid and liquids layers, so the solid layer
was not combined at this point as with the other constituents. The total weight percent was calculated
for each tank as a mass ratio using the waste volumes and densities:

Wi%a0, x Vhao, DH20S) + (Wt%HzoL x .VH2OL'DH2OL)]

(VHZOS'DHZOS + VI—IZ()L‘DHZOL) Equation 6

Wt%}_[z()r =

The new total concentration values from the liquid layer and combined solid layers, calculated with the
distribution values, are then entered into Table 6 along with the weight percent H,O values. Only the
liquid concentrations for the Al, NO;, NO; and TOC constituents are needed for the input to the
Hydrogen Generation Rate Model, so the solid values are left blank. Also in Table 6, the tanks have
been divided into SST and DST groupings.
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5.0 Results

The source data of the constituents (Al, NO,, NOs, TOC, Sr™° and Cs'*") for this report were gathered
from the Best Basis Inventory Management system and is contained in Table 2 with distribution
numbers inserted for the missing data values. The weight percent H,O data were collected on the TCD
database and is recorded in Table 3, also with distribution numbers for the missing values. The mean
values of the distributions, from Table 5, were input for the missing values and then documented in
Table 6. :

Table 6 reflects the best available data values for the desired parameters in the Single Sheil (SS) and
Double Shell (DS) waste tanks, taken from the Best Basis Calculation Detail. With the exception of
the H;O weight percent values which were taken from the Tank Characterization Database. The data
hierarchy used for this report was BBI values first, distribution values next and if needed TCD values.
For the weight percent H;O the hierarchy was TCD values first, BBI values next and lastly
distributions.

Waste tank 241-A-105 had no associated wt % H,O values in the TCD and the calculated distribution
values were not consistent with process knowledge of tank attributes. There is no appreciable liquid
layer in this waste tank, due to the high temperatures and length of time since there were any water
additions to the waste. Therefore the wt % H,0 in the tank was assessed a value of N/A (Non
Applicable) for all layers.
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treated exactly the same as hand calculations. ++ AP’ oximeTe by 1% e

B [ 1 []1 Sofiware/Codeinput correct and consistent with analysis documentation.

P(l'”" {1 [1 Software/Code output consistent with input and with results reported in
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