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1.0 INTRODUCTION AND BACKGROUND

The waste in 115 single-shell tanks (SSTs) and all 28 double-shell tanks (DSTs) has been
“characterized” based on analytical data from core samples, grab samples, or auger samples.
The analytical data are stored in the Tank Waste Information Network System (TWINS)
database. TWINS contains approximately 1 million observations on radioactive isotopes and
chemical elements. These analytical data are based on laboratory analysis of waste samples.
Despite the abundance of data, 34 SSTs have not been sampled, and others have not been
characterized to satisfy all current, or potential, characterization and disposal issues.

Because sampling and analysis of tank waste is an expensive enterprise, an incentive exists to
reduce sampling and/or laboratory analytical work while at the same time obtaining needed data.
Application of statistical techniques to the considerable volume of existing data offers some
promise towards reducing sampling and/or analytical expenditures and personnel exposures.

This optimization study seeks to exploit the possibility of using statistical techniques by:

o Demonstration of the “proof of principle” of the statistical method to estimate
concentration in unsampled tanks.

o Comparison of the “between tank™ variability and the “within tank” variability.

e Estimation of the concentrations (and their uncertainty) of analytes, by liquid and solid
waste phases, in unsampled tanks.

» Provision of an assessment of the viability of the method proposed.

The *“proof of principle” is demonstrated on a subset of analytes from liquid and solid phases of
DST waste. Cross-validation methods are used; 1.e., omitting data from a tank and using the
remainder to estimate the combined concentration means. Using statistical methods, the
sample-based means and combined concentration mean estimates are compared.

Mean concentrations for many analytes have been estimated using data from TWINS. The
uncertainty in the means is the “within tank” variability. The means and uncertainties are
reported in the means and variances tables in TWINS. In this study, the existing means are
statistically “combined” into a single mean that can be applied to all tanks in each phase. The
uncertainty in this mean is the “between tank™ variability.

Statistical methods are used to compare the “between tank™ variability and the “within tank”
variability. If they are approximately the same, then the uncertainty for the combined mean,
which is applied to unsampled tanks, will be similar to that for tanks that have been sampled.




RPP-11351, Rev. 0

2.0 SUMMARY OF STATISTICAL TECHNIQUES

The means and variances tables in TWINS contain statistical summaries that have been used to
analyze tank waste characierization data. These summaries contain an estimate of the mean
analyte concentration, the standard deviation of the mean, and several variance components. The
standard deviation of the mean is a combination of the within tank variability and the
measurement variability. The existing summary statistics are classified by tank, by analyte, and
by phase (solid or liquid). In this study, the means are statistically combined, by analyte, and by
phase, into a single analyte mean that can be applied to all tanks. The uncertainty in this
combined mean is a combination of the between tank variability and the within tank variability.
Analysis of variance methods were used to estimate the combined mean analyte concentration
and the standard deviation of the combined mean.

If the between tank variance is sufficiently small and if the combined and observed means are
sufficiently close together, then the method is judged appropriate for estimating mean
concentrations in the liquid or solid phases in DSTs. The definition of “sufficiently close” or
“sufficiently small” depends on the requirements of the user of the data and invariably requires a
cost trade off between accepting the variability of the data on the one-hand or obtaining
additional data by sampling and laboratory analysis on the other.

Some values used in this study were below the detection limit. In such cases, the value of the
detection limit was used. In addition, some data labeled “pre-transfer” in TWINS were used in
this study.
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3.0 STUDY RESULTS

3.1 DOUBLE-SHELL TANK LIQUID RESULTS

In Table 3-1, the between tank variance of standard chemicals of concern is divided by the
within tank variance to arrive at a variance ratio. A ratio of 1 indicates the variances are the
same. A ratio of less than one indicates the between tank variance is less than the within tank
variance. A ratio of greater than one indicates the between tank variance is greater than the
within tank variance.

These ratios are helpful in developing sampling strategies. For instance, for constituents near
one where a reduction of uncertainty is needed by the project, a sampling strategy wherein it
does not matter much what specific tank is sampled would be appropriate. In other words, tanks
could be chosen that are relatively easy (less costly) to sampie or wherein employee exposure
can be minimized. It would not matter which specific tank(s) were chosen.

For constituents with a ratio well above one, a much more focused sampling strategy is required
if uncertainty associated with the tank data is needed. In that case, the strategy might be to focus
on sampling tanks with the greatest waste heterogeneity on the one hand and on those with the
least heterogeneity on the other hand based on process knowledge. Such a strategy would result
in a better understanding of waste variability both within tank and between tank.

Table 3-1. Double-She

1l Tank Liquid Variability Ratios

...... lity.
-t
Chemicals
Aluminum 4.9 Nitrate 3.2
Bismuth 2.2 Nitrite 2.8
Calcium 4.3 Phosphate , 34
Chloride 3.9 Potassium 9.1
Chromium 1.6 Silicon 1.1
Fluoride 3.8 Sodium 3.6
Iron 1.7 Sulfate 8.2
Lead 2.9 Uranium 1.2
Manganese 10.3 Zirconium* 104
Radionuclides
Americium-241 1.1 Plutonium-239 5.1
Cesium-137 26.4 Selenium-79 57
Europium-154 5.6 Strontium-90 11.0
Iodine-129 3.1 Technetium-99 1.2
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Table 3- 1 Double Shell Tank quuld Variability Ratlos

$Neptun1um—237 T 17

Note: *Zirconium has only 21 percent detected values.

Table 3-2 provides the combined mean concentration value (one value fit for all tanks) for
selected chemicals and radionuclides and the upper 95% limit (U1.95) for the concentration
values in pg/mL taken from TWINS sample data. This table is important for interpreting the
following Table 3-3.

Table 3 2 Double—Shell Tauk qumd Means and 95% Upper lelts

Chemicals
Aluminum 1.32E+04 3.29E+04
Bismuth 4.27E+01 6.59E+01
Calcium 6.91E+01 2.75E+02
Chloride 3.15E+03 9.74E+03
Chromium 2.99E+02 8.10E+02
Fluoride 1.28E+03 6.40E+03
Iron 6.31E+01 6.01E+02
L.ead 5.88E+01 1.98E+02
Manganese 1.80E+01 1.78E+02
Nitrate 8.42E+04 2.15E+05
Nitrite 5.50E+04 1.37E+05
Phosphate 2.22E+03 6.87E+03
Potassium 8.94E+03 3.24E+04
Silicon 1.29E+02 3.18E+02
Sodium 1.21E+05 2.78E+05
Sulfate 4 43E+03 1.52E+04
Uranium 1.80E+02 4 47E+02
Zirconium* 1.70E+01 9.29E+01
Radionuclides (nCi/mL)

Americium-241 1.97E-01 9.28E-01

Cesium-137 3.34E+02 1.36E+03
Europium-154 7.87E-02 3.57E-01

Iodine-129 1.02E-04 2.89E-04

Neptunium-237 5.94E-01 2.64E+00
Plutonium-239 2.64E+03 6.16E+03
Selenium-79 4.45E-04 1.24E-03

Strontium-90 S.66E+00 4 43E+01
Technetium-99 1.02E-01 2.61E-01

*Note: Zirconium has only 21% detected values.
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Table 3-3 provides an analysis of how often the best-basis inventory concentration value fell
below the UL9S in Table 3-2 (passed) or was above the UL95 in Table 3-2 (failed).

able 3-3. Pass/Fail Test for Double-Shell Tank Liquids

e L Fall
Chemicals
Aluminum 35 1
Bismuth 36 0
Calcium 34 2
Chloride 34 2
Chromium 34 2
Fluoride 33 3
Iron 35 1
Lead 35 1
Manganese 35 1
Nitrate 33 3
Nitrite 34 2
Phosphate 34 2
Potassium 35 |
Silicon 34 2
Sodium 36 0
Sulfate 34 2
Uranium 34 2
Zirconium* 35 1
Totals 620 28
Percentages 96% 4%
Radionuclides

Americium-241 36 0
Cesium-137 34 2
Europium-154 35 1
Iodine-129 26 10
Neptunium-237 36 0
Plutonium-239 36 0
Selenium-79 33 3
Strontium-90 34 2
Technetium-99 30 6
Totals 300 24
Percentages 93% 7%

* Note: Zirconium has only 21% detected values.

The significance of Table 3-3 again comes down to the needs of each project. If the range
between the mean and the UL95 in Table 3-2 is adequate and the pass rate found in Table 3-3 is
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acceptable for the given project, additional sampling costs can be avoided for those constituents.
If the project cannot stand the range or the pass rate, additional data may have to be collected
from the tank. Cost of obtaining additional samples enters into the decision.

3.2 DOUBLE-SHELL TANK SOLIDS RESULTS

In Table 3-4, the between tank variance of standard chemicals of concern is divided by the
within tank variance to arrive at a variance ratio. A ratio of 1 indicates the variances are the
same. A ratio of less than one indicates the between tank variance is less than the within tank
variance. A ratio of greater than one indicates the between tank variance is greater than the
within tank variance.

These ratios are helpful in developing sampling strategies. For instance, for constituents near
one where a reduction of uncertainty is needed by the project, a sampling strategy wherein it
does not matter much what specific tank is sampled would be appropriate. In other words, tanks
could be chosen that are relatively easy (less costly) to sample or wherein employee exposure
can be minimized. It would not matter which specific tank(s) were chosen.

For constituents with a ratio well above one, a much more focused sampling strategy is required
if uncertainty associated with the tank data is needed. In that case, the strategy might be to focus
on sampling tanks with the greatest waste heterogeneity on the one hand and on those with the
least heterogeneity on the other hand based on process knowledge. Such a strategy would result
in a better understanding of waste variability both within tank and between tank.



RPP-11351, Rev. 0

Table 3-4. Double-Shell Tank Solids Variability Ratios

Chemicals
Aluminum 1.1 Nitrate 1.6
Bismuth 0.3 Nitrite 2.1
Calcium 0.3 Phosphate 0.3
Chloride 5.2 Potassium 2.8
Chromium 0.5 Stlicon 0.6
Fluoride 1.9 Sodium 2.7
Iron 8.6 Sulfate 0.5
Lead 1.1 Uranium 0.8
Manganese 2.7 Zirconium 34
Radionuclides

Americium-241 1.7 Plutonium-239 2.7
Cesium-137 17.9 Selenium-79 1.2
Europium-154 2.1 Strontium-90 1.1
Iodine-129* 0.0 Technetium-99 1.3
Neptunium-237 1.7

*Note: lodine-129 has only 12% detected values.

Table 3-5 provides the combined mean concentration value (one value fit for all tanks) for
selected chemicals and radionuclides and the upper 95% limit for the concentration values in
pg/mL taken from TWINS sample data. This table is important for interpreting the following
Table 3-6.

Table 3-5 Double—Shell Tank Solids Means and 95% Upper lelts

Constituent . Mean (pg/g)
Chemicals
Aluminum 2.91E+04 5.86E+04
Bismuth* 1.01E+03 2.38E+03
Calcium 1.40E+03 3.17E+Q3
Chloride 3.92E+03 1.06E+04
Chromium 3.17E+03 9.83E+03
Fluoride 1.22E+04 3.59E+04
Iron 1.13E+04 6.27E+04
Lead 1.25E+03 3.08E+03
Manganese 1.76E+03 1.06E+04
Nitrate 9.19E+04 2.07E+05
Nitrite 6.62E+04 1.53E+05
Phosphate 6.18E+03 1.50E+04
Potassium 4 54E+03 2.35E+04
Silicon 1.36E+03 3.80E+03
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Table 3-5 Double-Shell Tank Sollds Means and 95% Upper lelts

Constituent, _ | Mean S UL 9% (ngly)
Sodium 1.69E+05 2.78E+05
Sulfate 7.72E4+03 2.64E+04
Uranium 7.03E+03 2.24E+04
Zirconium 1.18E+04 7.31E+04
Radionuclides (uCi/g)
Americium-241 1.50E+01 6.41E+01
Cesium-137 2.76E+02 0.84E+02
Europium-154 8.30E+00 5.20E+01
[odine-129* NA NA
Neptunium-237 2.56E+01 1.42E+02
Plutonium-239 1.38E+00 4.82+00
Selenium-79 3.31E-03 1.72E-02
Strontium-90 2.47E+03 1.25E+04
Technetium-99 1.99E-01 2.81E-01

* Note: lodine-129 has only 12% detected values.

Table 3-6 provides an analysis of how often the best-basis inventory concentration value fell
below the UL95 in Table 3-5 (passed) or was above the UL95 in Table 3-5 (failed).

The significance of Table 3-6 again comes down to the needs of each project. If the range
between the mean and the UL95 in Table 3-6 is adequate and the pass rate found in Table 3-5 is

acceptable for the given project, additional sampling costs can be avoided for those constituents.

If the project cannot stand the range or the pass rate, additional data may have to be collected
from the tank. Cost of obtaining additional samples enters into the decision.

Table 3-6. Pass/F a:l Test for Double Shell Tank Solids

----------- _Constituent, . | . Pass Fail
Chemicals
Aluminum 23 2
Bismuth 24 |
Calcium 22 3
Chloride 25 0
Chromium 21 4
Fluonide 23 2
Iron 22 3
Lead 24 1
Manganese 24 1
Nitrate 23 2
Nitrite 25 0
Phosphate 21 4
Potassium 24 1
Silicon 23 2
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Table 3-6. Pass/Fail Test for Double-Shell Tank Solids
 Comdwent [ Paw [ Fal__

Sodium 25 0

Sulfate 24 1

Uranium 23 2
Zirconium 23 2

Tofals 419 31
Percentages 03% 7%

Radionuclides

Americium-241 24 1
Cesium-137 24 1
Europium-154 25 0
[odine-129* NA NA
Neptunium-237 25 0
Plutomum-239 24 1
Selenium-79 24 1
Strontium-90 24 1
Technetium-99 25 0

Totals 195 3
Percentages 97% 3%

*Note: I-129 has only 12% detected values.
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4.0 POTENTIAL BENEFICIAL APPLICATIONS OF THE RESULTS

An examination of the results tables suggests a number of beneficial applications of this work
including potential cost savings in sampling and laboratory analysis. The potential benefits are:

Given the relatively high variability ratios for both chemicals and radionuclides in
liquids, the sampling strategy for liquid grab samples should be targeted towards tanks
with high concentrations of key constituents. In other words, a focused sampling strategy
is suggested. The exception is Tc-99-- a very important radionuclide driving risk based
cleanup activities. Because Tc-99 has a relatively low variability ratio, uncertainty in the
data can be reduced using samples from any double-shell tank. In other words, additional
Te-99 data could be obtained opportunistically whenever any tank is sampled for any
reason.

For radionuclides in solids, Table 3-6 suggests that additional sampling may not be
required for the key radionuclides listed if the projects can accept the range between
means and the UL95 listed in Table 3-5. This could lead to avoidance of expensive core
sampling for solids where the primary constituents of concern are radionuclides. In cases
where cores are taken for other reasons, laboratory costs for analysis of Tc-99, Pu-239,
and other long-lived radionuclides can be reduced.

10
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5.0 RECOMMENDATIONS

Because of the promising results of this study particularly for radionuclides in solids, the
following recommendations are made for additional work.

1.

Extension of this phase 1 work to include SSTs and to include a longer list of chemicals
and radionuclides.

Continuation of the work to phase 2 as outlined in the Optimization Study Task Plan.
The additional phase 2 tasks include:

e Lvaluation of potential savings from Data Quality Objective (DQO) consolidation or
elimination.

+ Estimation of potential savings from elimination of sampling of certain tanks.

+ Estimation of potential savings from reduction in application of laboratory analytical
methods to certain analytes.

¢ Determination of the overall cost reduction benefit from application of statistical
methods.

¢ Development of a regulatory strategy.

e Presentation of regulatory strategy to the U.S. Department of Energy, Office of River
Protection (ORP) and the regulators to gain approval for implementation.

e Assessment of the operational risk associated with implementation of the developed
strategy.

11
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APPENDIX A

STATISTICAL METHODS EMPLOYED
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Appendix A: Statistical Methods Employed
The model used to calculate the variance ratios is the one-way analysis of variance:
yi=u+bi + ey,
i=12,...a)]=12,...n

where “y;;” is the j™ laboratory measurement from double-shell tank “i,” and p represents the
average for all double-shell tanks. It is assumed that the variables b; and e;; are uncorrelated with

each other, have zero means, and variances csf, ,and 03 . The variance, of observation “y”, can be
expressed as follows:

1 _ 2 2
G, =0, +0,.

The ratio 6, /6 is a measure of the variance across tanks divided by the variance within tanks.

When the ratio is less than one, it indicates that the majority of the variation is from differences
between measurements within tanks. When the ratio is greater than one, most of the variation is
due to changes in tank to tank concentration averages.

The S-PLUS™ software package (S-PLUS 2000) was used in the calculations. The variance
ratios were calculated, in twelve steps, using the method given in Searle (1970), chapter 11. The
steps, expressed in S-PLUS™ syntax, are as follows:

10 <- sum(y”2)

yidot <- aggregate(y, by = b, FUN = sum)$x

ni <- aggregate(y, by = b, FUN = length)$x

ta <~ sum(yidot"2/ni)

n <- length(y)

tu <- sum(y)"*2/n

a <- length(b[!'duplicated(b)])

§2 <- sum(ni”*2)

s3 <- sum(ni™3)
. s2e <-(t0 - ta)/(n - a)
11. s2b<-(ta-tu-{(a-1)* s2e)/(n - s2/n)

12. var.ratio <- s2b/s2e

R S AT L T B

—
<

where s2b and s2e represent, o, and 6., respectively.
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