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ABSTRACT

The Building 772-F Far-Field Transuranic (TRU) Waste Counting System is used to
measure the radionuclide content of waste packages produced at the Central
Laboratory Facilities (CLAB). Data from the instrument are entered into one of
two Excel spreadsheets. The waste stream associated with the waste package
determines which spreadsheet is actually used. The spreadsheets calculate the
necessary information required for completion of the Transuranic Waste
Characterization Form (OSR 29-90} and the Radioactive Solid Waste Burial
Ground Record (OSR 7-375 or OSR 7-375A). In addition, the spreadsheets
calculate the associated Low Level Waste (LLW) stream information that
potentially could be useful if the waste container is ever downgraded from TRU to
LLW. The spreadsheets also have the capability to sum activities from source
material added to a waste container after assay. A validation data set for each
spreadsheet along with the appropriate results are also presented in this report for
spreadsheet verification prior to each use.
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CLAB TRANSURANIC WASTE SPREADSHEE‘I‘S U)
J. D. Leyba

Westinghouse Savannah River Company
Savannah River Site.
Aiken, SC 29808

1.0 INTRODUCTION

Activities performed at CLAB generate TRU waste that must be assayed in order to
conservatively estimate the quantity of TRU nuclides contained in the waste. The TRU
waste is assayed in 55-gallon drum liners using the 772-F Far Field Transuranic Waste
Counting System [1]. This assay system is a low level, gamma pulse height analysis
system that uses a single high-purity germanium detector. After a waste package is
weighed, it is placed on a turntable that rotates during assay. A transmission source is
also employed on the system in order to correct for the effect of sample density on gamma
ray attenuation. Currently, the data acquisition system is a Canberra Series 50 Multi-
channel Analyzer linked to a VAX computer. However, the data acquisition system will
soon be upgraded to an Ortec PC-based system. TRU waste assayed on the 772-F Far

_Field Transuranic Waste Counting System can be from one of two distributions, TRU and

772F029. Descriptions of these two distributions are given in Tables 1 and 2 respectively
{i]. '

Table 1. TRU Waste Distribution

Nuclide Basis Nuclide Scaling Factor
Co-60 Directly Measured N/A
Cs~137 Directly Measured N/A
U-235 Directly Measured N/A
Np-237 Directly Measured N/A
Pu-238 Directly Measured N/A
Pu-239 Directly Measured N/A
Pu-240 Pu-239 3.62E-C1
Pu-241 Pu-239 “1.57E+01

Am-241 Directly Measured N/A
Pu-242 Pu-239 2.64E-04
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Table 2. 772F029 Waste Distribution

Nuclide Basis Nuclide Scaling Factor
U-235 Directly Measured N/A
Np-237 Directly Measured/U-235 2.09E-02
Pu-242 : U-235 1.09E+01
Am-243 U-235 2.36E+00
Cm-244 U-235 7.64E+01

As shown in Table 2 for the 772F029 distribution, Np-237 is directly measured by the
assay system. However, if it is not detected in a waste package, then this nuclide is scaled
to U-235 using the listed scaling factor. Unidentified peaks not listed in the libraries can
be identified based upon peak energy and the associated nuclide(s) can subsequently be
quantified based upon known gamma ray intensities. Thus, when gamma-emitting
nuclides are present which are not ordinarily expected, they can easily be quantified.

.
v

2.0 CLAB TRU WASTE SPREADSHEET

The CLAB TRU Waste Spreadsheet is an Excel spreadsheet used to calculate essential
values necessary for the completion of the Transuranic Waste Characterization Form
(OSR 29-90) and the Radioactive Solid Waste Burial Ground Record (OSR 7-375 or
OSR 7-375A). In addition, this spreadsheet calculates the associated LLW stream
information that could potentially be useful if the waste container is ever downgraded
from TRU to LLW. Table 3 lists the nuclides, basis nuclides, and scaling factors for the
LLW waste stream distribution developed for the CLAB TRU waste stream [1]. As
shown in Table 3 for the LLW distribution assaciated with the CLAB TRU distribution,
Co-60 is directly measured by the assay system. However, if this nuclide is not present, it
is scaled to Cs-137 using the listed scaling factor.

The CLAB TRU Waste Spreadsheet is divided into six sections that are described below.
Input is required only for section 1 and is optional for section 2. The spreadsheet uses the
data from sections 1 and 2 to calculate the necessary values for sections 3-5. Section 6 is
used for documenting verification of spreadsheet integrity prior to use and verification of
input data. All cells performing critical functions such as calculations are password
protected by the Cognizant Technical Function (CTF).
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Table 3. LLW Distribution for CLAB TRU Waste Distribution
Nuclide Basis Nuclide Scaling Factor
H-3 Cs-137 8.57E-04
C-14 Cs-137 3.13E-10
Ni-59 Cs-137 3.13E-10
Co-60 Directly Measured/Cs-137 3.78E-02
Sr-90 Cs-137 9.77E-01
Y-90 Cs-137 9.77E-01
Tc-99 Cs-137 1.93E-04
I-129 Cs-137 3.11E-07
Cs-137 Directly Measured N/A
Ba-137m - Cs-137 9.46E-01
Pm-147 Cs-137 6.24E-02
Cs-134 Cs-137 6.29E-03
Other beta/gamma Cs-137 4.10E-02
Np-237 Directly Measured N/A
Am-241 Directly Measured N/A
U-234 U-235 6.08E+01
U-235 Directly Measured N/A
U-236 U-235 1.14E+01
U-238 U-235 ; 3.19E-02
Pu-238 Directly Measured N/A
Pu-239 Directly Measured N/A
Pu-240 Pu-239 3.62E-01
Pu-241 Pu-239 © 1.57TEHQL
Pu-242 Pu-239 2.64E-04

2.1 CLAB TRU Waste Spreadsheet Section 1

Appendix 1 contains an example CLAB TRU Waste Spreadsheet. The header information
given at the top of the first page includes the title of the spreadsheet, the spreadsheet
version number (and date of version), drum vent number, gross weight of the container (in
pounds), net weight (in pounds), net weight (in g), and the error associated with the
measurement. The user is required to input the drum vent number and gross weight. The
CTF can change the error value from the default 15% if desired. If this is done, 2 wamning
message is generated in the "Comments” section of the first page that will ask for an
explanation. Likewise, the CTF may change the default scaling factors if desired. If this is
done, a warning message ‘will be generated in the "Comments” section asking for an
explanation.

Below the header information are eleven columns labeled, "Nuclide", "Scaling Factor”,
"Specific Activity Ci/g", "Measured Activity nCi", "Detection Limit? (Y or N)", "Reported
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Activity nCi", "2X Error nCi", "Mass grams", "2X Error Mass grams", "Measured TRU
Content nCi/g", and "Reportable TRU Content nCi/g". These column headings represent
the name of the nuclide; the scaling factor associated with the nuclide; the specific activity
of the nuclide (in Ci/g); the measured activity of the nuclide from the waste counting
system (in nCi); whether or not the measured activity represents a detection limit; the
activity value to be reported (in nCi); the 2-sigma error of the reported activity (in nCi);
the mass (in g) of the nuclide based upon the reported activity; the 2-sigma error (in g)
associated with the mass; the TRU content (in nCifg) of those TRU nuclides which were
not scaled and were actually detected in the waste package; and finally, the TRU content
(in nCi/g) of the waste package based upon all TRU nuclides in the library. Thus, this
final column gives the TRU contribution of scaled and directly measured nuclides,
including detection limit values for nuclides that were assayed for but not found.

All of the nuclides included in the CLAB TRU library are listed in section 1 of the TRU
spreadsheet. Gamma-emitting nuclides detected in a waste package that are not in the
TRU library can be added in section 1 (in the "Other Nuclides Detected"” portion) so that
their contribution to the waste package can be included in the necessary calculations. If
any of these additional nuclides are TRU, their contribution to the TRU package content
can be entered into the "Total of Other TRU Nuclides 1dentified" cell. The spreadsheet
then automatically calculates the total TRU content (in nCi/g) of the waste package and
displays this value in the cell iabeled *TRU Grand Total". In order for the spreadsheet to
calculate the necessary parameters for the "Other Nuclides Detected" portion of the
spreadsheet, the user must input the nuclide, whether or not (yes or no) the nuclide is
listed on form OSR 29-90, the specific activity (in Ci/g) of the nuclide, the measured
activity of the nuclide from the waste counting system (in nCi), and the 2-sigma error (in
nCi) associated with the measured activity value. The spreadsheet will subsequently
calculate the mass and 2-sigma error (in g) of the other nuclide(s) along with the measured
activity (in Ci and in nCi/g). It is recommended that specific activity values be taken from
Reference 2.

- 2.2 CLAB TRU Waste Spreadsheet Section 2

Section 2 of the CLAB TRU Waste Spreadsheet contains information regarding Pu-238
and Pu-239 sources that may be added to a waste package after it is assayed. The
spreadsheet allows up to three Pu-238 sources and three Pu-239 sources to be entered.
The user must enter the source id, the mass (in g) of material (Pu-238 or Pu-239)
contained in the source, and the 2-sigma error (in g) associated with the mass value.
Subsequently, the spreadsheet automatically and separately sums the masses of all Pu-238
sources and Pu-239 sources and calculates the total error associated with each sum. For
example, assume one has two sources containing g; + &) and g, * 6 where g; and g; are
the masses of source one and two respectively and &, and G, are the 2-sigma errors
respectively. The sum of the masses and the associated error would be (g1 + g3) £

(01" +02)"? [3].
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2.3 CLAB TRU Waste Spreadsheet Section 3

Section 3 of the CLAB TRU Waste Spreadsheet calculates the total mass (in g) and the
associated 2-sigma error (in g) of the eight nuclides contained in the TRU library which
are listed on form OSR 29-90. The total mass values and 2-sigma errors for Pu-238 and
Pu-239 include contributions from added sources that are listed in section 2. Additionally,
if any nuclides were entered under "Other Nuclides Detected" in section 1 of the
spreadsheet, these nuclides will also be listed in section 3 along with the masses and.
associated 2-sigma uncertainties. A message ("The mass value is based upon a detection
limit.") will be listed in the "Comments" column if the listed mass value is based upon a
detection limit.

2.4 CLAB TRU Waste Spreadsheet Section 4

Information relating to the Burial Ground Record (OSR 7-375 or OSR 7-375A) is
calculated in section 4 of the CLAB TRU Waste Spreadsheet. This section is separated by
material type and includes Pu-239, Pu-238, Am-241, Np-237, and U-235. For each
material type the spreadsheet has a default distribution and/or scaling factors. The
spreadsheet uses the scaling factors to calculate the mass and 2-sigma error for each
nuclide in the distribution for the purpose of OSR 7-375 or OSR 7-375A reporting.

2.5 CLAB TRU Waste Spreadsheet Section 5

The associated low level waste distribution information for the waste package is calculated
in section 5. The section calculates the reported activity in nCi and Ci. See Table 3 for
more details of this distribution.

2.6 CLAB TRU Waste Spreadsheet Section 6

Section 6 contains two signature/date lines for spreadsheet approval. One line is used for
documenting verification of spreadsheet integrity while the other line is used to document
data input verification. See section 4.0 for more details on the use of these two signature
lines. '

3.0 CLAB 772F029 TRU WASTE SPREADSHEET

The CLAB 772F029 TRU Waste Spreadsheet is an Excel spreadsheet used to calculate
essential values necessary for the completion of the Transuranic Waste Characterization
Form (OSR 29-90) and the Radioactive Solid Waste Burial Ground Record (OSR 7-375
or OSR 7-375A). In addition, this spreadsheet calculates the associated LLW stream
information that could potentially be useful if the waste container is ever downgraded
from TRU to LLW. Table 4 lists the nuclides, basis nuclides, and scaling factors for the
LLW waste stream distribution developed for the CLAB 772F029 TRU waste stream [1].
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Table 4. LLW Distribution for CLAB 772F029 TRU Waste Distribution
Nuclide Basis Nuclide Scaling Factor
H-3 Cs-137 ) 8 57TE-04
C-14 Cs-137 3.13E-10
N-59 Cs-137 3.13E-10
Co-60 Directly Measured/Cs-137 3.78E-02
Sr<90 Cs-137 9.77E-01
Y-90 Cs-137 9.77E-01
Tc-99 Cs-137 1.93E-04
I-129 Cs-137 3.11E-07
Cs-137 Directly Measured N/A
Ba-137m Cs-137 9.46E-01
Pm-147 Cs-137 6.24E-02
Cs-134 __ Cs-137 6.29E-03
Other beta/gamma Cs-137 4.10E-02
U-235 Directly Measured N/A
Np-237 Directly Measured : N/A

As shown in Table 4 for the 772F029 TRU distribution, Co-60 is directly measured by the
assay system. However, if this nuclide is not present, it is scaled to Cs-137 using the listed
scaling factor. '

The CLAB 772F029 TRU Waste Spreadsheet is divided into six sections that are
described below. Input is required only for section 1 and is optional for section 2. The
spreadsheet uses the data from sections 1 and 2 to calculate the necessary values for
sections 3-5. Section 6 is used for documenting verification of spreadsheet integrity prior
to use and verification of input data. All cells performing critical functions such as
calculations are password protected by the CTF.

3.1 CLAB 772F029 TRU Waste Spreadsheet Section 1

Appendix 2 contains an example CLAB 772F029 TRU Waste Spreadsheet. The header
information given at the top of the first page includes the title of the spreadsheet, the
spreadsheet version number (and date of version), drum vent number, gross weight of the
container (in pounds), net weight (in pounds), net weight (in g), and the error associated
with the measurement. The user is required to input the drum vent number and gross
weight. The CTF can change the error value from the default 15% if desired. If this is
done, a warning message is generated in the "Comments" section of the first page that will
ask for an explanation. Likewise, the CTF may change the default scaling factors if
desired. If this is done, a warning message will be generated in the "Comments" section
asking for an explanation.
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Below the header information are eleven columns labeled, "Nuclide®, “Scaling Factor",
"Specific Activity Ci/g", "Measured Activity nCi", "Detection Limit? (Y or N)", "Reported
Activity nCi", "2X Error nCi", "Mass grams", "2X Error Mass grams", "Measured TRU
Content nCi/g", and “Reportable TRU Content nCi/g". These column headings represent
the name of the nuclide; the scaling factor associated with the nuclide; the specific activity
of the nuclide (in Ci/g); the measured activity of the nuclide from the waste counting
system (in nCi); whether or not the measured activity represents a detection limit; the
activity value to be reported (in nCi); the 2-sigma error of the reported activity (in nCi);
the mass (in g) of the nuclide based upon the reported activity; the 2-sigma error (in g)
associated with the mass; the TRU content (in nCi/g) of those TRU nuclides which were
not scaled and were actually detected in the waste package; and finally, the TRU content
(in nCi/g) of the waste package based upon all TRU nuclides in the library. Thus, this
final column gives the TRU contribution of scaled and directly measured nuclides,
including detection limit values for nuclides that were assayed for but not found.

All of the nuclides included in the 772F029 TRU library are listed in section 1 of the TRU
spreadsheet. Gamma-emitting nuclides detected in a waste package that are not in the
TRU library can be added in section 1 (in the "Other Nuclides Detected" portion) so that
their contribution to the waste package can be included in the necessary calculations. If
any of these additional nuclides are TRU, their contribution to the TRU package content
can be entered into the "Total of Other TRU Nuclides Identified" cell. The spreadsheet
then automatically calculates the total TRU content (in nCi/g) of the waste package and
displays this value in the cell labeled "TRU Grand Total". In order for the spreadsheet to
calculate the necessary parameters for the "Other Nuclides Detected" portion of the
spreadsheet, the user must input the nuclide, whether or not (yes or no) the nuclide is
listed on form OSR 29-90, the specific activity (in Ci/g) of the nuclide, the measured
activity of the nuclide from the waste counting system (in nCi), and the 2-sigma error (in
nCi) associated with the measured activity value. The spreadsheet will subsequently
calculate the mass and 2-sigma error (in g) of the other nuclide(s) along with the measured
activity (in Ci and in nCi/g). It is recommended that specific activity values be taken from
Reference 2.

3.2 CLAB 772F029 TRU Waste Spreadsheet Section 2

Section 2 of the CLAB 772F029 TRU Waste Spreadsheet contains information regarding
Pu-238 and Pu-239 sources that may be added to a waste package after it is assayed. The
spreadsheet allows up to three Pu-238 sources and 3 Pu-239 sources to be entered. The
user must enter the source id, the mass (in g) of material (Pu-238 or Pu-239) contained in
the source, and the 2-sigma error (in g) associated with the mass value. Subsequently, the
spreadsheet automatically and separately sums the masses of all Pu-238 sources and Pu-
239 sources and calculates the total error associated with each sum. For example, assume
one has two sources containing g, &, and g2 + o, where g; and g, are the masses of
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source one and two respectively and o, and o, are the 2-sigma errors respectively. The
sum of the masses and the associated error would be {g; + g;) + (o,® + 6:2)"? [3].

3.3 CLAB 772F029 TRU Waste Spreadsheet Section 3

‘Section 3 of the CLAB 772F029 TRU Waste Spreadsheet calculates the total mass (in g)
and the associated 2-sigma error (in g) of the five nuclides contained in the 772F029 TRU
library (and Pu-238 & Pu-239) which are listed on form OSR 29-90. Additionally, if any
nuclides were entered under "Other Nuclides Detected" in section 1 of the spreadsheet,
these nuclides will also be listed in section 3 along with the masses and associated 2-sigma
uncertainties. A message ("The mass value is based upon a detection limit.") will be listed
in the "Comments" column if the listed mass value is based upon a detection limit.

3.4 CLAB 772F029 TRU Waste Spreadsheet Section 4

Information relating to the Burial Ground Record (OSR 7-375 or OSR 7-375A) is’
calculated in section 4 of the CLAB 772F029 TRU Waste Spreadsheet. This section is
separated by material type and includes Pu-239, Pu-238, Am-243, Np-237, and U-235.
For each material type the spreadsheet has a default distribution and/or scaling factors.
The spreadsheet uses the scaling factors to calculate the mass and 2-sigma error for each
nuclide in the distribution for the purpose of OSR 7-375 or OSR 7-375A reporting.

3.5 CLAB 772F029 TRU Waste Spreadsheet Section 5

The associated low level waste distribution information for the waste package is calculated
in section 5. The section calculates the reported activity in nCi and Ci. See Table 4 for
more details regarding this distribution.

3.6 CLAB 772F029 TRU Waste Spreadsheet Section 6

Section 6 contains two signature/date lines for spreadsheet approval. One line is used for
documenting verification of spreadsheet integrity while the other line is used to document
data input verification. See section 4.0 for more details on the use of these two signature
lines.

4.0 SPREADSHEET VALIDATION PRIOR TO EACH USE

A set of test data has been developed for input into the CLAB TRU Waste Spreadsheet
and a data set has been developed for the CLAB 772F029 TRU Spreadsheet before each
use to ensure that the integrity has not been compromised. These data sets consist of
several nuclides at various activity levels.
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After inputting the test data, the user compares the resuits of the open spreadsheet with
those given in either Appendix 1 or Appendix 2 of this document. If the results are
identical, the spreadsheet is considered verified and can be used for actual data after a
copy of the spreadsheet is signed and dated on the "Spreadsheet Integrity Verification”
line. If the results are not identical, the CTF and/or designee will investigate the
discrepancy and take the appropriate corrective action.

4.1 CLAB TRU Waste Spreadsheet Input Data

An example CLAB TRU Waste Spreadsheet with the verification data is shown in
Appendix 1. The number of the drum vent which will be associated with the actual waste
package should be entered in the "Drum Vent #" cell. For verification purposes, the gross
weight should be entered as 45 pounds. The remainder of the verification input data is
summarized in Table 5.

Table 5. CLAB TRU Waste Spreadsheet Input Data

Nuclide Measured Activity Detection Limit?
U-235 1.000E+04 nCi N
Np-237 ' 1.000E+04 nCi N
Pu-238 1.000E+08 nCi N
Pu-239 1.000E+06 nCi N
Am-241 1.000E+04 nCi N

Co-60 1.000E+04 nCi N
Cs-137 1.000E+04 nCi N

Only the data above needs to be entered in order to verify the spreadsheet. All other
values necessary to perform the calculations are already in the spreadsheet in locked cells.

Once entered, the results of the spreadsheet are compared with the results given in
Appendix 1 of this document. If all of the results agree exactly, the spreadsheet is
considered verified. The verified spreadsheet is then printed, signed, and dated by the
verifier for records retention purposes. If discrepancies are found, the user must verify
that the input data is correctly entered. If the input data are found to be correctly entered
and there is still a discrepancy, the spreadsheet is not used and the CTF or designee is
notified for corrective action,

4.2 CLAB TRU Waste Spreadsheet Analytical Methods & Computations

As an illustration of the methodology used to perform the calculations in the spreadsheet,
U-235 will be used as an example. The "Measured Activity" value is taken from the assay
instrument report and is entered by the user. In addition, if the measured value is a
detection limit, then "Y" is entered in the "Detection Limit?" column, otherwise, "N" is
entered. The "Reported Activity" value in section 1 is determined by the spreadsheet and
is simply the measured activity (or detection limit value) if the nuclide is actually
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measured; or if the nuclide is scaled, this value is calculated by taking the product of the
basis nuclide and the appropriate scaling factor. There are three scaled nuclides (Pu-240,
Pu-241, and Pu-242) in this spreadsheet and all three are scaled to the Pu-239 activity.

" The "2X Error* value is calculated by taking twice the measurement error and multiplying

it by the reported activity. The measurement error by default is set at 15%; however, the !
CTF may change this value with the appropriate technical justification. Using U-235 as an "
example,

U-235 2X Error (nCi) = 1.000E+04 x (2 x 0.15) = 3.000E+03.

The mass value for a given nuclide is calculated by dividing the reported activity by the
specific activity. The reported activity must first be converted to the proper units,
however. Once again, using U-235 as the example,

U-235 reported activity (Ci) =1.000E+04 nCi X — - = 1.000E05

1E+09nCi.

_ 1.000E-05Ci

2.16E-06 a
g

U-235mass (g) =4.630E+00.

The "2X Error" value associated with the mass is calculated by taking the "2X Error”
value (in nCi), converting it to the proper units, and dividing by the specific activity.

U-2352X error (Ci) =3.000E+03 nCi x — 2 =3.000E~06

1E+09 nCi

© 3.000E-06Ci
U-235 mass (g) = E—I-:’—-C—l’ =1.389E+00.
2.16E-06 —

g

. The "Measured TRU Content" value is calculated by taking the reported activity (in nCi)

and dividing by the net weight (in g) of the waste package. This calculation only applies
to gamma-emitting TRU nuclides contained in the CLAB TRU library that are actually
detected. The calculation is not applicable to U-235 since this nuclide is not transuranic.
Thus, this column is applicable to only four nuclides (Np-237, Pu-238, Pu-239, and Am-
241) in the verification data set. Therefore, the measured TRU content (in nCi/g) is

nCi/g TRU = (Np-237) + (Pu-238) + (Pu-239) + (Am-241)

nCi/g TRU = 8.165E-01 + 8.165E+03 + 8.165E+01 + 8. 165E-01
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nCi/g TRU = 8.249E+03.

The "Reportable TRU Content" value is calculated by taking the reported activity (in nCi)
and dividing by the net weight (in g) of the waste package. This calculation is applicable
to all TRU nuclides that are in the CLAB TRU library.

No information is required to be entered into section 2 for spreadsheet verification. This
section was described previously in section 2.2 of this report. In addition, the spreadsheet
automatically transfers the mass values and associated errors to the appropriate cells in

" section 3 of the spreadsheet.

Section 4 of the spreadsheet calculates the Burial Ground Record information for the
various types of material that could potentially be present in a waste package. The
spreadsheet automatically transfers the "Reportable Mass" value and "2X Error” value to
the appropriate cells in section 4. Using the U-235 material as the example, the reportable
masses are calculated for the three other uranium isotopes by multiplying the appropriate
scaling factor by the reportable U-235 mass value. For example,

U-234 reportable mass (g) = 60.8000 x 4.630 g =281.5 g.

The 2X errors for these nuclides are calculated assuming the same 15% measurement
error (1-sigma). This assumption is justified since the other nuclides are scaled from U-
235 which has an uncertainty of 15%.

U-2342X ervor () = 281 481g x - o0 8
| 4630g

=84444 g

The element weight for the uranium material is calculated by summing the weights of the
four uranium isotopes listed.

Element Wt (g) = U-234 + U-235 + U-236 + U-238

Element Wt (g) = 281.481 +4.630 + 52.778 + 0.148 = 339.037.

The element weight including the 2X error is calculated assuming that the overall 1-sigma
measurement uncertainty is 15%.

Element Wt (g) + 2X Error (g) = 339.037 + [(2 x 0.15) x 339.037] = 440.748.

The associated low level waste distribution shown in section S of the spreadsheet is
automatically calculated based upon the information entered in sections 1 and 2. More
information on this distribution is given in Table 3. The "Reported Activity" values follow
the appropriate reporting rules set forth in Reference 4. As mentioned previously in
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section 2.0, if Co-60 is not detected, then the reported activity value for this nuclide is
scaled to the Cs-137 activity.

4.3 CLAB TRU Waste Spreadsheet Results -

The CLAB TRU Waste Spreadsheet verification results are shown in Appendix 1.

4.4 CLAB 772F029 TRU Waste Spreadsheet Input Data

An example CLAB 772F029 TRU Waste Spreadsheet with the verification data is shown
in Appendix 2. The number of the drum vent which will be associated with the actual
waste package should be entered in the "Drum Vent # cell. For verification purposes, the
gross weight should be entered as 45 pounds. The remainder of the verification input data
1s summarized in Table 6.

Table 6. CLAB 772F029 TRU Waste Spreadsheet Input Data

Nuclide Measured Activity Detection Limit?
U-235 1.000E+04 nCi N
Np-237 1.000E+04 nCi N
Co-60 1.000E+04 nCi N
Cs-137 1.000E+04 nCi N

Only the data above needs to be entered in order to verify the spreadsheet. All other
values necessary to perform the calculations are already in the spreadsheet in locked cells.

Once entered, the results of the spreadsheet are compared with the results given in
Appendix 2 of this document. If all of the results agree exactly, the spreadsheet is
considered verified. The verified spreadsheet is then printed, signed, and dated by the
verifier for records retention purposes. If discrepancies are found, the user must verify
that the input data is correctly entered. If the input data are found to be correctly entered
and there is still a discrepancy, the spreadsheet is not used and the CTF or designee is
notified for corrective action.

4,5 CLAB 772F029 TRU Waste Spreadsheet Analytical Methods & Computations

As an illustration of the methodology used to perform the calculations in the spreadsheet,
U-235 will be used as an example. The "Measured Activity" value is taken from the assay
instrument report and is entered by the user. In addition, if the measured value is a
detection limit, then "Y™" is entered in the "Detection Limit?” column, otherwise, "N" is
entered. The "Reported Activity" value in section 1 is determined by the spreadsheet and
is simply the measured activity (or detection limit value) if the nuclide is actually
measured; or if the nuclide is scaled, this value is calculated by taking the product of the
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basis nuclide and the appropriate scaling factor. There are three scaled nuclides (Pu-242,
Am-243, and Cm-244) in this spreadsheet and all three are scaled to the U-235 activity.
In addition, if Np-237 is not detected, it is also scaled to the U-235 activity.

The "2X Error" value is calculated by taking twice the measurement error and muitiplying
it by the reported activity. The measurement error by default is set at 15%; however, the
CTF may change this value with the appropriate technical justification. Using U-235 as an
example,

U-235 2X Error (nCi) = 1.000E+04 x (2 x 0.15) = 3.000E+03.

The mass value for a given nuclide is calculated by dividing the reported activity by the
specific activity. The reported activity must first be converted to the proper units,
however. Once again, using U-235 as the example,

U-235 reported activity (Ci) =1.000E+04 nCi x ——C1 =1 000E—05

IE+09 nCi

U-235 mass (g) = Wﬂ?ﬁg}_ =4.630E+00.
2.16B-06 —

g

The "2X Error" value associated with the mass is calculated by taking the "2X Error"
value (in nCi), converting it to the proper units, and dividing by the specific activity.
U-2352X error (Ci) = 3.000E+03 nCi x — LCL— — 3 000E—06

, 1E+09 nCi

U-235 mass (g) = 130113_99% =1.389E+00
2.16E-06 =

g

The "Measured TRU Content" value is calculated by taking the reported activity (in nCi)
and dividing by the net weight (in g) of the waste package. This calculation only applies
to gamma-emitting TRU nuclides contained in the CLAB 772F029 TRU library that are

actually detected. For the verification data set, this column is applicable only to Np-237,
thus, the measured TRU content (in nCi/g) is equal to the Np-237 value.

The "Reportable TRU Content" value is calculated by taking the reported activity (in nCi)
and dividing by the net weight (in g) of the waste package. This calculation is apphcable
to all TRU nuclides that are in the CLAB 772F029 TRU hbrary
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No information is required to be entered into section 2 for spreadsheet verification. This
section was described previously in section 3.2 of this report. In addition, the spreadsheet
automatically transfers the mass values and associated errors to the appropriate cells in
section 3 of the spreadsheet. -

Section 4 of the spreadsheet calculates the Burial Ground Record information for the
various types of material that could potentially be present in a waste package. The
spreadsheet automatically transfers the "Reportable Mass" value and "2X Error™ value to
the appropriate cells in section 4.

Looking at U-235 as an example, the element weight for the uranium méterial is equal to
the reportable mass of U-235 since it is assumed that this is the only uranium isotope
present in the 772F029 waste stream. -

The element weight including the 2X error is then calculated by adding the 2X error to the
element weight,

Element Wt {(g) + 2X Error (g) =4.630 + 1.389=6.019.

The associated low level waste distribution shown in section 5 of the spreadsheet is
automatically calculated based upon the information entered in sections 1 and 2. More
information on this distribution is given in Table 4. The "Reported Activity" values follow
the appropriate rules set forth in Reference 4. As mentioned previously in section 3.0, if
Co-60 is not detected, then the reported activity value for this nuclide is scaled to the Cs-
137 activity.

4.6 CLAB 772F029 TRU Waste Spreadsheet Results

The CLAB 772F029 TRU Waste Spreadsheet verification results are shown in Appendix
2.
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6.0 APPENDICES
6.1 Appendix 1. CLAB TRU Waste Spreadsheet

6.2 Appendix 2. CLAB 772F029 TRU Spreadsheet




siont 0

evisi
November 1, 1999

Appendix 1

WSRC-TR-99-00414

R

Page 16

| ofed

a1sepM N gvio
! .
SJUBWILIOY
6/ou 1D swelh sweid Iou 12U {3} dapijonN | @pianN
AV KAy ssely ssep Jou3xz | Aoy Aanay 06-62
painseoly | painsealy | JouI XT painsealy ojrads _
payaalaq soplonn J8yl0
|
€0+38.2'8 {ejol puesy Nyl
00+3000°0 payhuap| sepiionN N¥L J8YIQ 0 {elos
1D §0-3000°L 1 +0+3000°¢ N $0+3000°1 (W/IN) (v/N) LEL-SD
£0+38.2'8 | £0+36¥2'8 | QUL L0l 10/ 60-3000°L | ¥0+3000°1 N $Y0+3000°L (v/N) (¥/N) 08-0Q
20-3951°C N S0-3610°C | §0-381L9 [10+3026°L| 20+30¥9C (V/N) (iN) £0-3e6'c | v0-3p9T | Z¥Z-hd
(V/N) (WIN) S0-3¢L6'y | ¥0-3p2S’) [90+F0LL'Y| LO+30LS') (V/N) (WIN) Z0+3€0°L | 10+3.5°) | l¥e-nd
10-3691'8 10-3591'8 | 20-312l'8 | 90-3206'C [€0+3000°C $0+3000°1 N $0+3000°L | 00+3¥¥'E 00+300°'L | L¥Z-WY
L0+3956'Z (v/N) v0-3beLy | £0-3665°| [50+3980°L| S0+3029°¢ (V/N) (¥/N) 10-347C | t0-329€ | ovZ-nd
10+3591°8 | LO+3591°8 | €0-3i1e8¥ | 20-3019°) [S0+=000°¢; ©0+3000°t N 90+3000'L | 20-312'8 00+300°'1L | 6€2-nd
£0+359L'8 | €0+3591'¢ | £0-3¥52°) | €0-38v8°G |20+3000°€| 80+3000°L N 80+3000°)L | 10+312°% | 00+300'L | g€2-Nd
10-3591°8 | 10-3591'8 | €0-35sZ'y | 20-381p'L [€0+3000°¢| v0+3000°) N y0+3000°L | ¥0-3S0°Z | 00+300°L | L€Z-9N
(V/N) {v/N) 00+368€°L | 00+30€9'% [€0+3000°€[ ¥0+3000°L N $0+3000'} | 90-389L°C 00+300°L SEZ-N
mzmm| b/iou sweib sweld [ou u {NJo A) {ou 6/1D Jojaed apljonN
juauo0g IETTYe) $SB SSEW oua Xz | Aanay TR Koy Rimdy Buijeag
Nyl naL JoJig Xz peuodey | Uopasged | painsesy ayoads
a|qeyloday | painseapy
%Sl | Jo43
sweab|y66'9r22Z) _
sql|L2 IM 18N sqiisy TM 801D L06L-8HS |#JUIA Winig

6661 '} J9QUIBADN 0’} UDISIIA




Z ebed
slsep\ NAL GY10

o

vision
Page 17

Appendix 1

WSRC-TR-99-00414
Re

November 1, 1999

paj9a}aQ SIPUINN SBYIO
60-35L0'C | S0-38LL°9 | 2ve-nd
g0-3el5Y | v0-3avesL | Lye-nd
20-312L°'8 | 90-3406C | IpT-wy
$0-3v9L'vy | £0-3865°1 | 0¥T-nd
£0-3L88'y | 20-3019°L |, 6ET-Nd
€0-3v52.°L | £0-38¥8°G | 8EZ-Nd
£0-3652'y | 20-38L¥L | leZ-dN
00+368¢'L | 00+30€9'F | §€2-N

SjuslIWo) swelb swelb apljonN
ssel sseiy
013 X2
HLI‘FI.;
_$304NOS ONIGNTONI ¥3INIVINOD JLSYM Ni SSYW V.01 ‘¢
00+3000°0( 00+3000°0 eloL 00+3000°0 | 00+3000°0 810
swieib sweaib [4]] swespb sweib | al
ssSelN ssely 92Inog ssel sse| 92inog
Jou3 Xz 6£Z-Nd Joug Xz ._8¢2nd

 L961-SHS | #IUSA wrug




WSRC-TR-99-00414
Revision 0
November 1, 1999
Page 18

¢ efied

SEM NYL V10
000°0 (V/N) (V/N) (W/N) JOUI XZ +
(V/IN) 0000 (V/N) (V/N) M JswWa3
0000 0000 0000°L 001 544
Lye-wy
swesb sweib Joyoed  |uopnqiusid| edojos| | jeusie
sse|N sseidl bujjess
ou3 Xz [siqeiodey
6000 (WiN) (WiN) (v/iN) Joug Xz +
(WiN) 2000 (W/N) (Y/N) I W33
0000 1000 S6L20 00081 6¢eC
2000 9000 0000°}L 000'¢8 gee
: 9eg-Nd
swesb swelb Jojoed  |uonnquysig| edojos| JelsleN
$SeW SSEIN Guljess
Jouz X7 [elqepodoy
220°0 (V/N) (ViN) (v/N} Jo43 XZ +
(VIN) L10°0 ) (Y/N) TNTENEE
0000 000°0 £000°0 0£0°0 (474
000°0 0000 ¥400°0 0690 (324
0000 1000 12900 098'G 0ve
S00°0 9100 0000°% OLy'e6 - 6E¢C
0000 0000 1000°0 100 gce
6tc-nd
swesb swelb Jojoed |uonnqipsia| adojos) | jeuael
ssely ssep Buljess
oua Xz |sIqepoday
N Ry R —
1961-S¥S | #IUsA wnug NOILVWHOANI QY0O3Y ANNOYO VNG ¥




1

A
WSRC-TR-99-00414

Page 19

Revision 0

November 1, 1999

yobed

3isem Nl gvio
8hL'0by (VN (Vi) (VIN) JoN3 XC +
(VN LE0'6EE (viN) (v/N) M Wwaws|)3
¥0°0 grL0 61£0'0 {v/N) 8T
£e8°'5l 81128 000¥' L1 (V/N) 9¢Z
68¢'t 0E9'Y 0000°L (W/N) SEC
iy v8 18’182 000809 (v/N) 14%4
6ee-N
swelb swelb | Jojoed (uopnquasig| edojos) | jeusiel
SSeW sSBI Buijesg
Jouz X7 |elqenoday
8100 (v/iN) (vm) wiN) Joug X2 +
(W/N) 7100 (viN) (¥/N) IM WBWs|g
$00°0 $L0°0 0000’} 004 FAx4
LE2-ON
sweab swelb Jjoyaed  juonnquysia| edojos) |euaiely
ssel ssel bufjess
Joug Xz |eiqepjoday
n“%ﬂﬂ.
196 r-wmw * JUSA wng ..Uc::_acou“ ZO_.F<—2

HO-Ni GYOO3Y ANNCHO VNG v




b

«t

1

WSRC-TR-99-00414
R
November 1, 1999

ion 0
Page 20

¢ abed

91SBA ML 8Y10

"9661 0 ‘AoY '0¥0DD-D-010-N (1)) SOpIjonuojpey SiSAlBLY WapIodY UoWwog L9} JO SSMAIDY dYI9eds " ‘Ise3

S592U3.J3j0Y
3300«@0 SaplonNN Jayy O
10-30¥9'2 | 20+30¢9°¢ N Z0+30v9°Z | v0-3¥9T | Z¥e-nd
20-30.6°') | 20430451 N 70+30G°L | L0+34S°L [ bvend
$0-3029°' | 50+3029'¢ N G0+3029°¢ | 10-329€ | ovZ-nd
£0-3000°} | 90+3000°L N 90+3000°'L | 00+300'L | 6€2-hd
10-3000°L | 80+3000'% N 80+3000°} | 00+300°L | 8€2-hd
10-306L°C | 20+3061°'¢ N Z0+3061°¢ | 20-36L'E | 882N
¥0-30%L°) | S0+30¥L’L N so+30vLL | o+3PL'L | 9fZn
S0-3000° | ¥0+3000°} N $0+3000°} | 00+300'L | S€2-N
$0-3080°8 | 50+3080'9 N G0+3080°9 | L0+380°9 | veeN
50-3000°L | $0+3000°1 N $0+3000°L | 00+300°) | (vg-Wy
$0-3000°L | $0+3000°} N $0+3000°} | 00+300°% | L£2-ON |
20-3001 % |20+300L¥ N 20+300L'% | 20-30L% |6/4J9Wi0
80-3062'8 | L0+3062°9 N 10+3062°9 | ©€0-362°9 | ¥EL-SD
10-30¥2°9 | 20+30¥2°9 N Z0+30v2'9 | 20-3r2'9 | Lyi-Wd
00-309Y'6 | £0+309p'6 N £0+3097'6 | 10-39¥'6 |wWigl-ed
G0-3000°L | y0+3000°L N $0+3000'L | 00+300°) | lE1L-SO
ZL-20LL°E | ©0-20LLE N £0-30LLc | 20-3Lb'e [ 621
60-30¢6°L | 00+30£6'1 N 00+3086'L | ¥0-3€6') | 66-9L
90-30/L'6 | £0+30LL'6 N £0+3024°6 | 10-3LL'S 06-A
00-3022'6 | €0+30.L°6 N $0+3042°6 | L0-34.'6 | 0678
50-3000°L | $0+3000°} N p0+3000° L | 20-38L€ | 09-00
S1-30€1'€ | 90-30£LE N 90-30€L¢ | 01-3EL'E | 65N
G1-308L'€ | 80-30¢L'E N 90-306L¢ | OL-3ELE pL-0
60-305'8 | 00+30.5'8 N 00+30/5'8 | $0-3.6'¢ £-H
19 19U (N0 A) U Jojoed | apyohyN
Kianoy KiApov oaw RAIARaY Buyess
papoday papoday | uo paseg
Jo 5O .
1961-59S | #3usA wnig| _NoOILNAIYLSIA M1 HOd N 1 LVNHO3N! QJ1VID0SSY g




Page 8

6. SPREADSHEET APPROVALS Drum Vent # | SRS-1867
Spreadsheet Integrity Verification Date Data Input Verification/Check Date
CLAB TRU Waste

SAL-OUSM

1 xrpuaddy

6661 °1 GWIAON

0 uolsIASY

1T 93ed
14




[}

-

Revision 0
November 1, 1999
Page 22

Appendix 2

WSRC-TR-99-00414

1 abed

JISEM NAL 8Y10
SUALWOD
]
6aou o) sulesd swesb iQu 10U 6/10 43pPHdNN | SPYINN
RiAnoy AAnsy ssely SSEW Jong Xz | Auapay Aapay 06-62
painsealy | pajnsesiy | Joug Xz painsedly ayoads
poideed maE__Sz BYO
10+30a1°} - . jelol puess Ayl
00+3000°0 payiuap| S8pIIONN NXL JBUIO JO [Bj0L
19]$0-3000°} | $0+3000°} N ¥0+3000°} (w/N) (V/N) LELSD
| 10+3poL'L | 10-3591'8 | Nl l8ioL 19[$0-3000°L | +0+3000°} N $0+3000'} (V/N) (v/N) 09-0D
(V/N) (W/N) 90-30€8'Z | 90-32eF'6 [S0+I262Z| GO+IOV9L (V/N) (W/N) L0+30L'8 | 10+3p9°2 | 2D
00+3226°L (V/N) S0-30¥5°¢ | 0-3081°} |€0+3080°L] p0+3096Z [ (V/N) (V/N) 10-3007 | 00+398C | EvTWY
00+3008'8 (W/N) £0-312¢'8 | 20-3viLT [¥0+30.2'€| $0+3060°)L (W/N) (W/N) £0-3€6'€ | 10+360°4 ! Z¥Z-Nd
10-3591'8 | 10-3591'8 | €0-3562'y | Z0-38L¥’L [€0+3000'€| $0+3000°) N $0+3000°') | v0-360°, | 20-360'C_ | 829N
(VIN) (¥iN) 00+368€} | 00+30£9'y |€0+3000'¢] +0+3000°% N $0+3000°L | 90-39tz | 00+4300'% | S€z0
[ B/ou 50U swesb swelb 15U 15U (NJo A 19U 6410 101984 | eplanN
Jusjuod oY sse SSeI Joug Xz AApoy PRTTTS | AARdY Aoy buless
YL nyi Jousy XT payoday | uondsjeq | painsesy |- oyivads
sjqepoday | painseay -
%St Joug
swelb|y68°9vZZ 1 ,
sql|L2 IM I8N sql|sy ‘IM §5019 1961-SHS [#IUaA wnig
|
e

666 ‘) J9QUIRAON ‘U°} UOISISA

dS WNAa 31svym Nyl 6

203e2L 6V 19 3]




«

-

Z obed

MM. M m m SISEM NYL gV
el .
g
5 B
& -]
7
3
i
)
|
3}av)aQ SapNonN IBYI0
90~30€9'C | 90-32e¥6 | p¥T-WO
$0-320vS'€ | v0-208L°L | €WV
€0-3l2e'8 | Z20-3pLLT | Tvend
00+3000°0 | 00+3000°C | 6¢C-id
' 00+3000°0 | 00+30000 | 8€d-Nd
€0-355¢ v | 2038yl | 2€Z-ON
00+368¢°L | 00+3089Y | S€TN
STTENTT o) sweib swelb apldInN
sSel SSEIN
1003 X2
|Fﬂ“ T S — e
$3048N0S ONIGN 1ONI Y3NIVINOD LSVM NI SSYW ﬂaﬁo €
00+3000°0] 00+3000°0 ejoL 00+3000'0 | 00+3000°0 . €10l
]
sweJb sweib ai swieib “swelb al
sSel sSel 83In0g sSey sseiN 20IN08
dou3 XT 6tT-nd Jol3 XT 8eT-Nd
_ | -
1061-SYS | #IUsA utnig NOILVWNHOJNI (S1308N0S 2




-

¢ abed

m m m mm. m aISeM NYL av10
BdEE
Amkm
£
000°0 (vIN) {vIN) {(VIN) JOLT XT +
(wiN) 000'0 (v/N) (vIN) 1A uawa|3
0000 0000 0000'L 001 £¥e
) cr-ty
swelb swelb Jopeqd |uoynquisia| odojos| | [elsaie
SSEN SsSeN Buljeos ; ;
Jjoug Xz |siqedodsy _
0000 (W/N) (W/iN) -~ (VIN) o3 XZ +
(V/N) 0000 (¥/N) (v/N) I JUaWwaly
000°0 000°0 56420 000'8L €2
0000 0000 - 0000°L 000'28 gez
gez-nd
sweib swesd 101064 uopnquasiq| 8dojos| Jelialey
sSel SSEN Buiedss
i oM XT  |elqepeday
0000 {v/N) {(v/N) (vIN) 1013 XT +
(WiN) 000°0 WiN) (VN TYSUEIETE]
000°0 0000 £000°0 0£0°0 e
000'0 0000 #1000 069°0 e
0000 0000 1290°0 099' ove |
0000 000°0 0000'L 0L¥'E6 62 |
0000 000°0 10000 1100 8eg
6£2-nd
me.a mEu._m JOJoBH4 uonngigsiq QQO«Om_ jetsjeN | -
SSeW ssep Buneas
Joug Xe c_autonﬂm_
1961-S4S [ #Juap wnig NOILVWHOJNI a40934 ANNOYS TViINg ¥




Appendix 2
WSRC-TR-99-00414

Revision 0

1999
Page 25

November 1,

v abed

81sBM NHL V10
§L0°9 (WIN) (V/IN) (¥iN) JoUI XZ +
(VN 0£9'¥ (V/N) (VIN) IENEE]
68¢’L 09’V 0000} 00} 174
segN
swesb swielb Jojoey uonpnqiisia| @dojosi jelazeN
sSel ssey Buijeas
Jou3 Xz |eiqenoday
8100 (N} (V/N) (VIN) JONI XT +
(W/N) ¥10'0 K7 ~(WiN) M uawaig
$00°0 100 0000’} 004 182
1$2-AN
swesd swelb 103084 |uomnquysig| edojos | jeusalely
sse ssep 6uifess '
soud Xg |siqeioday
L ik R _I... . e =
L061-S4S | #Iusp wnig .vozcwmou- NOILVWHOJNI 40938 ANNOYO VNN il




Appendix 2
WSRC-TR-99-00414

ion 0

November 1, 1999

evis!

R

Page 26

g offied

SISEM MAL 8VID

8861 '0 A0Y "0¥000-D-010-N ‘() SOpiPNUCIpey S|sAleuY JUep|ooY UOWWOY /8] JO SSHIAIOY Jyi0eds r "ised

[L R AVENETE ]
i
]
paysaRg SopIanp WBYI0
§0-3000°'t | ¥0+3000°L N $0+3000°'L | 00+300°L | L£Z-ON
$0-3000°'L | $0+3000°L N ¥0+3000°L | 00+300°L | SEZ-N
. Z0-300L'y | 20+300L ¢ N Z0+300Lv | 20-30LY | B/gs8u10
80-2062°¢ [ 10+3062°9 N 10+3062°9 | £0-362'9 | ¥£4-S0
10-30v2°9 | 20+30FZ°9 N Z0+30¥2'9 | 20-3vZ'9 | Lpl-Wd
90-309¥'8 | £0+309V'6 N £0+300¥'6 | L0-30¥'6 |WicL-Bg
S0-3000°L | v0+3000°}L N $0+3000°L | 00+300°F | Z£4-5D
Z1-301b'e | £0-301L'E N co-30iL'e | Z0-31LE 6Z1-1
80-30€6'L | 00+30£6°) N 00+30g6'L | v0-3£6°L §6-0L
90-30LL°6 | £0+30LL8 N €0+3044'6 | L0-3LL6 06°A
90-30/.4'6 [ £0+30LL'8 N ¢0+3022'6 | V0-3Ll6 | 0678
§0-3000°L | v0+3000°) N v0+3000°L | 20-38L'¢ | 09-0D
gi-30cl’c | 90-30EL'¢ N 90-3081'¢ | 0L-3¢L¢ 85-IN
GL-30E1'¢ { 80-30EL°E N 90-30¢1'¢ | OL-FEL'E 10
80-30/5'8 | 00+3046°9 N 00+30.68 | 0-3i9'9 £-H
12 10U (NJo A) 124 J019e4 | 8pHINN
Aoy AV oaw Aoy Buijesg
pspoday | peuodey | uo pased
10 OGN
Hﬂ.—l‘l“‘.
1081-S9S | #3USA Wnig]  NOILNBIYLSIA MTT zruﬁ“nzﬂﬂr\l_wlﬂo 1VNUOINI GILVIO0SSY S




g abed

NYT O SISEAM NYL V10 .
E3E3% .
2253
¢
5
B 2
2
8leg xoozo\:oﬂwuctg nau| eeq ) e1eq uoneollaA Ajubaiul sm;mumw.aw J

2961-G4S | #3IusA winig SIVAOHJJY 133HSAvIudS 9




