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EXECUTIVE SUMMARY

This calculation note replaces both WHC-SD-WM-SARR-037, Development of Radiological
Concentrations and Unit Liter Doses for TWRS FSAR Radiological Consequence Caleulations,’
and WHC-SD-WM-SARR-016, Tank Waste Compositions and Atmospheric Dispersion
Coefficients for Use in Safety Analysis Consequence Assessments.? WHC-SD-WM-SARR-037'
documented the selection of relevant radioisotopes, the development of radioisotope
concentrations, and the calculation of unit liter doses for radiological consequence calculations
used in HNF-SD-WM-SAR-067, Tank Waste Remediation System Final Safety Analysis Report®
WHC-SD-WM-SARR-016 documented the meteorological considerations, atmospheric
dispersion coefficients, and methodologies for calculating radiological doses and toxic chemical
doses. All of the relevant information from both documents, plus new information, is included in

this calculation note.

Unit liter doses are defined for four different waste types (single-shell tank solids and liquids,
and double-shell tank solids and liquids) using statistical methods and current data from the Tank
Characterization Database maintained by the Pacific Northwest National Laboratory. Within
the waste types, unit liter doses are calculated for as many individual tanks as possible. The

means are then distributed on a lognormal plot for each waste type. The 95th percentile value for

' WHC-SD-WM-SARR-037, 1996, Development of Radiological Concentrations and Unit Liter Doses for TWRS
FSAR Radioclogical Consequence Calculations, Rev. 0, Westinghouse Hanford Company, Richland, Washington.

2 WHC-SD-WM-SARR-016, 1996, Tank Waste Compositions and Atmospheric Dispersion Coefficients for Use in
Safety Analysis Consequence Assessments, Rev. 2, Fluor Daniel Northwest, Richland, Washington.

* HNF-SD-WM-SAR-067, 2000, Tank Waste Remediation System Final Safety Analysis Report, Rev. 1D, Lockheed
Martin Hanford Corporation, Richland, Washington,
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each waste type is selected for use as the unit liter dose for radiological dose calculations for that

waste type.

Use of the 95th percentile from a distribution of means is a significant change from the former
methodology, which selected a bounding unit liter dose for each waste type using a super-tank
model for each waste type. The tank mean model does not attempt to bound all possible unit
liter doses. Instead it provides a method of calculating unit liter doses based on selecting an
appropriate risk level. The tank mean model also prevents individual statistically insignificant

sample results from driving the process for determining unit liter doses.

This calculation note also includes changes in the assumed meteorology for calculating
atmospheric dispersion coefficients, guidance on using plume buoyancy and plume depletion
models, revised atmospheric dispersion coefficients, and revised dose conversion factors. The
changes include directed actions and suggestions from TWRS-RT-SER-003, Safety Evaluation
Report for the Tank Waste Remediation Systems (TWRS) Final Safety Analysis Report (FSAR),
[HNF-SD-WM-SARR-067, Rev. H, September 1998], and Technical Safety Requirements,

[HNF-SD-WM-TSR-006, Rev. F2, August 1997]

* PNNL, 1999, Tank Characterization Database, Version 3.28, available at http://twins.pnl.gov:8001/twins.htm,
Pacific Northwest National Laboratory, Richland, Washington.

S TWRS-RT-SER-003, 1999, Safety Evaluation Report for the Tank Waste Remediation Systems (TWRS) Final
Safety Analysis Report (FSAR), fHNF-SD-WM-SARR-067, Rev. H, September 1998], and Technical Safety
Requirements, fHNF-SD-WM-TSR-006, Rev. F2, August 1997], Rev. 0, U.S. Department of Energy, Richland
Operations Office, Richland, Washington.
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RADIOLOGICAL SOURCE TERMS FOR
TANK FARM SAFETY ANALYSIS

1.0 PURPOSE

This report serves the dual purposes of conducting an annual update of the radiological source
term used in the River Protection Project (RPP) Final Safety Analysis Report (FSAR),
HNF-SD-WM-SAR-067, Tank Waste Remediation System Final Safety Analysis Report, and of
addressing concerns that the current source term is overly conservative and may result in
inflation of calculated consequences. The goals of this report are as follows:

e Ensure that the source term is not driving unnecessary controls and restrictions
e Maintain a unit liter dose (ULD) selection process that is logical and defendable

e Develop a process that is flexible enough to serve future retrieval projects, based on
the current level of knowledge about retrieval

e Incorporate recent improvements in both consequence assessment and waste tank
data.

The Characterization Program has taken many core samples in the last 4 years. The laboratories
have analyzed the samples, and a large volume of new sample data is available for use in
updating the ULDs used in the FSAR (HNF-SD-WM-SAR-067). A working group was
convened to evaluate the impact of the new data on the source terms and to recommend an
approach or criteria for updating the source terms. The group included personnel from the
Nuclear Safety and Licensing and the Process Engineering organizations at CH2M HILL
Hanford Group, Inc. (CHG).

Since the publication of HNF-SD-WM-SAR-067, the Tank Waste Remediation System (TWRS)
has become the RPP. In the balance of this document, RPP will be used rather than TWRS,
except in references where TWRS is used. Lockheed Martin Hanford Corporation (LMHC)
became CHG while this report was being prepared. In the balance of this document, CHG will
be used rather than LMHC, except in references where LMHC is used.

1.1 UNIT LITER DOSE DEVELOPMENT PROCESS

This analysis develops ULDs for use in the RPP FSAR. The ULD is the inhalation or ingestion
dose obtained when an individual inhales (or ingests) one liter of waste. The ULDs provide a
practical way to calculate radiological dose consequences for a variety of potential accidents.
Safety analysis relies on consequence analysis to calculate the radiation dose to defined receptors
onsite and offsite. These analyses need a 'source term' to calculate the dose. The source term is
a quantity of specified hazardous material. The material specification must include quantity,
physical form, and specific properties of the hazardous material. For radiation hazards, this

1-1
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includes specifying the particle sizes, quantity in kilograms per volume of air, radioactive
isotopes present, and concentrations of the isotopes. The ULD provides the information for
radioactive isotopes present and their concentrations in one liter of tank waste and quantifies this
information as radiological dose in Sieverts per Liter (Sv/L) of tank waste.

The ULDs are used in consequence calculations based on acute inhalation dose and direct
radiation dose to facility workers and acute ingestion dose and ground shine for offsite receptors
during the first 24-hour period following a release. After the first 24 hours, it is assumed that
people offsite have been evacuated and any contaminated food and water has been interdicted.
Chronic consequences are not included in the FSAR calculations (HNF-SD-WM-SAR-067).

The first step in developing ULD:s is to define the radioisotopes that need to be included. The
selection of the radioisotopes is described in Chapter 2.0 of this report. An explanation of dose
conversion factors (DCFs) is included in Chapter 3.0. The statistical development of the ULDs
is presented in Chapter 4.0. Chapter 5.0 discusses atmospheric dispersion, and Chapter 6.0
presents methods for radioactive dose calculations. Chapter 7.0 describes dose rate calculations
for high-efficiency particulate air (HEPA) filters.

1.2 SCOPE

The ULDs in this analysis apply to the following facilities and projects:
e Single-shell tanks (SSTs)
e Double-shell tanks (DSTs)
e Aging Waste Facility (AWF) tanks
e Catch tanks, valve pits, diversion boxes, and clean-out boxes
e Double-contained receiver tanks (DCRTSs)

e  Waste retrieval (within the limits of current project assumptions).

In WHC-SD-WM-SARR-016, Tank Waste Compositions and Atmospheric Dispersion
Coefficients for Use in Safety Analysis Consequence Assessments, tanks 241-AY-101,
241-AY-102, 241-AZ-101, and 241-AZ-102 were designated as AWF tanks. In this report, tanks
241-AY-101, 241-AY-102, and 241-AZ-102 are designated DSTs and are included in the DST
ULDs. This change was made on the basis of new sample data. Samples have been taken from
these tanks during the last 5 years as part of the Tank Characterization Program. Mean ULDs
have been calculated for each of these tanks using the sample data. The mean ULDs are within
the range of mean ULDs developed for the DSTs. Therefore, these tanks are grouped with the
DSTs.

Tank 241-AZ-101 is still designated as an AWF tank because analysis results of recent samples

taken from tank 241-AZ-101 are not complete. Tank 241-AZ-101 may be reclassified when the
samples have been analyzed. Until then, 241-AZ-101 is still considered to be an AWF tank.

1-2




RPP-5924 REV 0

2.0 RADIOISOTOPE SELECTION

Although many radionuclides can be detected in Hanford Site waste, the number of radionuclides
that are significant for acute radiological dose calculations is limited. Section 2.1 describes the
initial process by which the minimum number of radionuclides necessary to calculate inhalation,
ingestion, and shine doses was determined for use in WHC-SD-WM-SARR-016. The list of
possible radionuclides was narrowed from approximately 150 to 22 in
WHC-SD-WM-SARR-016. Section 2.2 describes how the list from WHC-SD-WM-SARR-016
has been narrowed in this document to 3 analytes.

2.1 HISTORICAL BASIS FOR RADIONUCLIDE SELECTION

The steps used in WHC-SD-WM-SARR-016 to select the nuclides important to dose is
illustrated in Figure 2-1. The process selectively reduced the total number of radionuclides

to 11. The process started with evaluation of more than 150 nuclides tracked by the ORIGEN2
computer code (ORNL-5621). The criterion used in the initial analysis of the ORIGEN2 data
was to select all the radionuclides that contributed 0.1 percent or more to inhalation dose. This
resulted in a list of 22 radionuclides. The requirement for including 24-hour ingestion and
ground shine for offsite receptors was introduced after the initial list of 22 radionuclides was
selected. After review, it was determined that the list of 22 radionuclides included the
radionuclides required for calculating the ingestion and ground shine doses. For the analyses in
the FSAR (HNF-SD-WM-SAR-067), the group was reduced to the 11 radionuclides that
accounted for 99+ percent of the total (inhalation, shine, and 24-hour ingestion) radiological
dose: ©°Co, ®Sr, 2y, 137Cs, 154Eu, 2Np, *Py, 22¥20py, 241py, 2! Am and *Cm.

WHC-SD-WM-SARR-016, which contains most of the calcuiations referenced in this

section, uses the list of 22 radionuclides for performing calculations. Because
WHC-SD-WM-SARR-016 is frequently quoted in this report, some confusion may be caused by
switching between 22 radionuclides and 11 radionuclides. Where relevant, this report notes
whether the 22 or 11 radionuclides are used. The difference in total radiological dose is less than
1 percent between calculations made using the 11 isotopes and those made using the 22 isotopes.

The radionuclides selected for use in the dose calculations in WHC-SD-WM-SARR-016 are not
e%uall significant for each of the tank waste models. For some of the ULDs, five radionuclides
(9 Sr, v, 137Cs, = 9Pu, and 241Am) make up about 95 percent of the total dose. However, for
consistency, the same 11 radionuclides were used for each tank model.

Several waste transfer accident scenarios result in spills of radioactive material to the ground.
These spills are a source of concentrated radioactivity and result in a direct external dose to
workers. The dominant contributors to the direct external dose (9OSr, c"OY, and 137Cs) are included
in the 11 radionuclides because of their high contribution to inhalation dose. Two of the 11
radionuclides (**Co and '**Eu) were selected because of their contribution to the direct external
dose although their contribution to the inhalation dose is less than 1 percent. The process used to
identify the key dose contributors is described below.
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Figure 2-1. Key Nuclides Starting With ORIGEN2 Isotope List of More than
One Hundred Fifty Isotopes (Eleven Nuclides Account for
More than Ninety-Nine Percent of Dose).
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The ORIGEN?2 computer code (ORNL-5621) was used to estimate the inventory of radioactive
materials contained in the fuel from the single-pass reactors and N Reactor, as reported in
WHC-SD-WM-RPT-164, Inventories for Low-Level Waste Tank Waste (see Figure 2-1,

block I-1). Total radionuclide inventories were calculated based on the complete operating
history of all of the Hanford Site production reactors. Reduction factors were then applied to the
total inventories to account for plutonium and uranium extracted from the waste sent to the tanks.
Reduction factors also were applied to other isotopes, including cesium and strontium, which
were extracted from some of the waste. A separate ORIGEN2 run was made to decay the
radioactive inventory in WHC-SD-WM-RPT-164 to the end of 1994 so that a comparison could
be made with the values in WHC-SD-WM-ER-400, Tank Waste Source Term Inventory
Validation, which also were decayed to the end of 1994.

The ORIGEN2 computer code (ORNL-5621) estimates activity inventories for three different
groups: actinides, fission products, and activation products. The total estimated activity for each
radionuclide from ORIGEN2 was multiplied by the inhalation DCF to determine the inhalation

dose hazard for that radionuclide. The DCFs were taken from EPA-520/1-88-020, Federal
Guidance Report No. 11, Limiting Values of Radionuclide Intake and Air Concentration and
Dose Conversion Factors for Inhalation, Submersion, and Ingestion, and represented the
committed effective dose equivalent in units of Sieverts per Bequerel (Sv/Bq) for a 50-year dose
commitment period. The DCFs reported in EPA-520/1-88-020 were taken from ICRP-26,
Recommendations of the International Commission on Radiological Protection.

ORIGEN2 computer code (ORNL-5621) calculations identified seven radioisotopes that
contributed approximately 99 percent of the inhalation dose. Safety analysts added two
radionuclides (*’Np and **Cm) because of uncertainty about the total quantity of these
radionuclides and two additional radionuclides (60C0 and 154Eu) to account for direct radiation.

The 11 radionuclides were then ranked by inhalation dose hazard as shown in Table 2-1 and
Figure 2-1, block 1-2. The 11 radionuclides listed in Table 2-1 make up 99+ percent of the total
dose calculated by the ORIGEN2 computer code (ORNL-5621). The ULDs calculated in
WHC-SD-WM-SARR-016 use an additional 11 radionuclides for a total of 22 radionuclides.
Because the second group of 11 radionuclides collectively added less than 1 percent to the total
ULD, they are not included in Table 2-1. The DCFs in Table 2-1 are taken directly from
ICRP-26.
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Table 2-1. Pcrcent Contribution from Selected Radionuclides Based on Total Activitics.

P 2
Nuclide Tgtl:: ifgvzity ICRP-26 DCF" OR:)c;iNz ORIGENZ"
- (Ci) (rem/Ci) (rem) Percent Total Dose
“Co 9.24 E+03 2.19 E+05 2.02 E+09 0.0
Sy 8.64 E+07 2.39 E+05 2.06 E+13 30.3
My 8.64 E+07 8.44 E+03 729E+11 1.1
s 7.16 E+07 3.19 E+04 228 E+12 3.4
ey 2.32 E+05 2.80 E+05 6.64 E+10 0.1
>Np 7.45 E+01 5.40 E+08 4.02 E+10 0.1
py 2.52 E+03 3.92 E+0& 9.88 E+11 1.5
py 4.43 E+04 4.29 E+08 1.90 E+13 27.9
#py 1.48 E+05 8.25 E+006 122 E+12 1.8
HAam 5.18 E+04 4.44 E+08 230 E+13 33.8
Hem 4.04 E+02 2.48 E+08 1.00 E+11 0.1
Total 6.48 E+13 100.1 rounded to

100%

YORNIL-5621, 1980, ORIGEN2 —A Revived and Updated Version of the Oak Ridee Isotope Generation and

Depletion Code, Oak Ridge National Laboratory, Oak Ridge, Tennessee,

PICRP-26, 1977, Recommendations of the International Commission of Radiological Protection. Annals of

the International Commission on Radiation Protection, Volume 1. Number 3. Elsevier Science, Tarrytown,

New York.

DCF — dose conversion factor.
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2.2 RECALCULATING PERCENTAGE CONTRIBUTION OF ISOTOPES
BASED ON CURRENT DOSE CONVERSION FACTORS

Using the same process described above, the percentage of the total dose attributable to each of
the 11 radionuclides listed in Table 2-1 was recalculated using updated DCFs. The calculations
for inhalation dose are documented in the attachment to Letter CO-00-RPP-270, Deliverable for
Contract 4976, Release 8, Updated Dose Methods (1.-03) (Brevick 2000), and the results are
summarized in Tables 2-2 and 2-3. Tables 2-2 and 2-3 use units of Sv/Bq for the DCF, bequerels
per liter (Bq/L) for activity, and Sv/L for the ULD. WHC-SD-WM-SARR-016 used DCFs based
on guidance in EPA-520/1-88-020. The EPA report used information for DCFs taken from
ICRP-26 and ICRP-30, Limits for Intakes of Radionuclides by Workers. This calculation note
uses newer information from ICRP-68, Dose Coefficients for Intakes of Radionuclides by
Workers—Replacement of ICRP Publication 61, ICRP-71, Age Dependent Doses to Members of
the Public from Intake of Radionuclides Part 4 Inhalation Dose Coefficients; and ICRP-72, Age
Dependent Doses to Members of the Public from Intake of Radionuclides Part 5 Compilation of
Ingestion and Inhalation Dose Coefficients. ICRP-68 is for onsite workers, and ICRP-71 and
ICRP-72 are for the offsite public. The International Commission on Radiation Protection
(ICRP) publications are described in Chapter 3.0 of this report.

Tables 2-2 and 2-3 differ from Table 2-1 in that Table 2-1 considers all of the waste as a single
quantity with no distinction between phases or among the processes it has been through.

Tables 2-2 and 2-3 make distinctions between liquids and solids, and among the types of tanks
(SSTs, DSTs, and AWF) in which the waste is stored. Tables 2-2 and 2-3 use DCFs taken from
ICRP-71 and ICRP-72. Percentages would be similar for DCFs taken from ICRP-68.

The contributions to ingestion dose are calculated in a similar manner and are summarized in
Table 2-4. Ingestion doses for individual isotopes are taken from WHC-SD-WM-SARR-016,
which used the GENII computer program (PNL-6584) to calculate the ingestion doses. The first
group in Table 2-4 includes the isotopes *°Sr, *°Y, '*’Cs, and alpha emitters selected for use in
this document. Isotopes listed under “Other” are the isotopes not included in this group. The
original calculations in WHC-SD-WM-SAR-016 included the 11 tracked isotopes plus the

11 additional isotopes. Only the 11 tracked isotopes are included in this calculation because the
contribution of the other isotopes is negligible. “Fraction” is the total of the doses from the

8 selected isotopes divided by the total dose from all 11 isotopes. The ingestion DCFs are based
on ICRP-26 and ICRP-30. GENII has not been updated to include newer information
(PNL-6584). The ingestion dose is a small percentage (0.3 to 6 percent) of total dose, and the
differences between ingestion doses using DCFs from ICRP-26, ICRP-30, and ICRP-71 would
be very small. Therefore the use of ICRP-26 and ICRP-30 for ranking of ingestion doses will
not adversely affect either the total dose calculation or conservatism,

The purpose of recalculating the fractions based on sample data is two-fold.

e By separating the waste by phase and tank category, the contribution of each isotope
to the total dose is more accurately described for each waste type.

e Sample data are not available for all of the radionuclides. By identifying the key
radionuclides, existing sample data for a subset of the larger group may be used to
calculate dose.
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Table 2-2. Fraction of Unit Liter Doses from Strontium-99, Ytinom-90, Cesium-137 and

Gross Alpha for Single-Shell Tank Solids and Liquids for Inhalation.

R e | SST Liquids | SST Liquids | SST Solids | SST Solids
Isotope DCF Activity ULD Activity ULD
(Sv/Ba) (Bg/L) (Sv/L) (By/L) (Sv/L)
“Co | 1O0E08 | 953E+06 | 953B-02 | 418E08 | 4I8E00
"Sr ©3.60 E-08 1.05 E+10 3.78 E102 1.63 E+12 5.87 E+04
"y LS0E09  1O0SE+I0 | 1SSE+0l © 163EHI2 . 245EH03
(s 4.60 E-09 2.21 E+10 1L.O2E+02 101 EH] | 4.65 E+02
Sy S30E-08  235E+09 | 1.25E+02 | S5.75E+09 | 3.05E+02
N 230E-05  0.00E+0I 000 E+01 \ 3.02E407 695 E+02
2py © 4G60E05S  921EF04 424600 | L8TEH08 860 E+03
Py | SO00E05 | 302E+07 | 1810403 440 E+08 ; 2.20 B+04 \
Py | 9.00 E-07 2.57 E+08 2.31 E+02 322E+09 | 290 E+03 |
HAm 420 E-05  423EH07  LISE+03 | 229EH08  9.62 E+03
Hem © 270E-05  423E05  LI4E:01 . 229E+06 618 E+01
[TotalULD | 4.45 E+03 |  LO6 K405 |
208 r+°°Y +'VCs talpha 410 E+03 LOIE05 |
"Sr-+""y +'YCs talpha/Total ULD S0 097

*ORP-T1, 1995, Age Dependent Doses to Members of the Public fron Intake of Radionuclides Part 4
Inhicilation Dose Coefficienis, Annals of the lnternational Commission on Radiation Protection, Volume 25,

Number 3-4, Elsevier Science, Tarrytown, New York: and 1CRP-72, 1996, Age Dependent Doses to Members of the

Public from intake of Radionuclides Part 5 Compilation of Ingestion and inhalation Dose Cocfficients, Annals of
the International Commission en Radiological Protection, Volume 26, Number 1, Elsevier Science, Tarrytown,

New York

DCF — dose conversion factor.
SST - single-shell tank.
ULD — unit liter dose.
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Table 2-3. Fraction of Unit Liter Dose from Strontium-90, Ytrium-90, Cesium-137 and
Gross Alpha for Double-Shell Tank Solids and Liguids for [nhalation.

IO nand | DST Liquids | DST Liquids | DST Solids | DST Solids

Isotope DCF Activity ULD Activity ULD

(Sv/BY) (Bq/L) (Sv/L) (Bg/L) (Sv/L)

Voo 100E-08 | 697EH06 | 697E-02 | 145E+07 | 145E-01

g C 360E-08 | 459Et09  165E+02 | S.I6E+10  1.86 E+03
Wy C150B-09 | 459E+09 - 689E-00 | S.16E+10  7.74 E+0l
e 4.60 E-09 586 EH10 | 2.70 E+02 586 E+10 2,70 E+02
SRy SI0E08  418EH07 | 222F-00  3.00E+08 | 159 E+01
2Np 230E-05  2.30 E+05 529E-00  S811E+05 | 1.87 E+01
2y 460E-05  1LT8E06 | 8I9E+01 7.5 E+07 3.29 E+03
2Vpy 5.00 E-05 765E+06 | 3.83E+02 | 1.57 E+09 7.85 E+04
M4ipy 9.00 E-07 184 E+07 166 E+01 | 381 E+09  3.43 E+03
1 Am © 420E-05 | 340E07 | 143E103 | 271 E+09 114 E+05
Mem | 270 E-05 122 E+05 | 329E-00  1.64E+07 443 E+02
Total ULD | 236 E+03 2,02 E+05
|8r+Y+1Cs+alpha | 234E+03 198 E+05

N My 41 s+alpha/Total ULD 099 098

FICRP-71, 1995, Age Dependent Doses to Members of the Public from /H!rl]u_ of Rma’.'mmc lides Part 4
fnhalation Dose C o(_[/rc ients, Annals of the International Commission on Radiation Protection. Volume 25,

Number 3-4, Elsevier Science, Tarrytown, New York: and ICRP-72, 1996, 4ge Dependent Doses to Members of the

Public from Intake of Radionuclides Part 5 Compilation of Ingestion and Inhalation Dose Cocfficients, Annals of
the International Commission on Radiological Profection, Volume 26, Number 1, Elsevier Science, Tarrytown,
New York.

DCT - dose conversion factor.

DST = double-shell tank.

ULD — unit Liter dose.

2-7
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Tablc 2-4. Fraction ol Unit Liter Dose from Strontium-90, Yitrium-90, Cesium-137 and
Gross Alpha for Single-Shell and Double-Shell Tanks for Ingestion.

SST SST DST DST
Isotope Liquids Solids Liquids Solids
(Sv-m*/L-s) (Sv-m*/L-s) (Sv-m*/L-3) (Sv-m*/L-s)
gy 2.50 E-02 3.60 E+00 1.00 E-02 1.20 E-01
iy 2.20 E-03 3.20 E-01 ©9.10 E-04 1.00 E-02
Vs 2.00 E-02 9.00 E-02 S30E-02 | 530 E-02
Np 10.00 E+00 3.20 E-03 2.30 E-05 8.10 E-05
2¥py 5.60 E-06 120 E-02 1.10 E-04 4.40 E-03
Wpy 2.40 B-03 2.90 E-02 520 E-04 1.10 E-01
T Am 290 E-03 1.60 E-02 230 E-03 1.90 E-01
MHem 1.60 E-05 8.60 E-05 4.50 E-06 6.00 E-04
Total 5.25 E-02 4.07 E+00 6.69 E-02 488 E-01
Other
I 4.60 E-06 2,00 E-04 3.40 E-06 7.20 E-06
gy 4.40 E-04 1.00 E-03 7.50 E-06 5.50 E-05
HWipy 3.30 E-04 4.10 E-03 2.30 E-05 4.80 E-03
Total 5.33 E-02 4.08 F+00 6.69 E-02 493 E-01
Fraction 9.85 E-01 9.99 E-01 9.99 E-01 9,90 E-01

DST - double-shell tank.
58T = single-shell tank.

2.3 REPRESENTATIVE RADIONUCLIDES SELECTED FOR
NEW UNIT LITER DOSE MODEL

Based on the work presented in Section 2.2, the [ollowing group of radionuclides provides
sufficient information to perform dose consequence calculations:

Cesium-137 directly measured by laboratory
Strontium-90 directly measured by laboratory
90

Ytrium-90 not measured by laboratory but with activily concentration cqual to 7'Sr

: 247 214 239 241 244
Gross alpha (includes © 'Np, = "Pu, = 'Pu, 7 Am, and ™ Cm).

A summary of the total pereentage contributed by waste type for both inhalation and ingestion
doses, using the radionuclides listed above, 1s presented in the following table.

2-8
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Table 2-5. Summary of Fraction from Strontium-90, Yttrium-90, Cesium-137
and Gross Alpha Percent Inhalation and Ingestion Doscs.

Waste Type Inhalation Dose (%) Ingestion Dose (%)
| Single-shell liquid 92 98
Sm;,;ic—shell tank sohd 97 99
| Double-shell tank liquid 99 99
Double-shell tank—rgoﬂrlid 98 99

2.4 AMERICIUM BUILD-UP

Calculations in WHC-SD-WM-SARR-016 corrected for possible increases in the **'Am
concentrations from decay of **'Pu. Plutonium-241 decays to **' Am, and the half-life of **' Am
is 432 vears versus 14.4 years for *''Pu. Since the half-life of the parent nuclide (**'Pu) is shorter

than the half-life of the daughter (**' Am), the potential exists for the

241

Am concentration Lo

increase. The calculation in Appendix H of WHC-SD-WM-SARR-016 indicated that the “*' Am
concentrations could change for the different composites as given in Table 2-6.

Table 2-6. Americium-241 Activity as a Function of Time Bascd on Worst-Case Tank Data.

- - XTI Wiy Uy o 241
Initial Initial . . . . . . -
241 241 Activity Activity Activity Activity
. Pu Am
Composite g, - after after after after
Activity Activity
(Bg/L) (Bq/L) 10 years 20 years 30 years 40 years
(Bg/L) (Bq/L) (Bg/L) (Bq/L)
Single-shell | 2.80 E+08 | 3.70 E+07 | 3.99 E+07 | 4.15E+07 | 4.22 E+07 | 4.23 [+07
tank hquids B
Single-shell | 3.50 E+09 | 1.42 E+08 | [.51 E+08 | 208 E+08 | 2.22 E+08 | 2.29 E+08
tank solids B
Double-shell | 2.00 E+07 | 3.40 E+07 | 3.37 E+07 | 333 E+07 | 3.29 E+07 | 3.24 E+(07
tank liquids 1
Double-shell | 4.10 E+09 | 2.70 E+09 | 2.71 E+09 | 2.70 E+09 | 2.67 E+09 | 2.64 F+09
tank solids

The **' Am concentration in SST liquids increascs by about 14 percent over 40 years, and the
**' Am concentration in SST solids increascs by about 61 percent over 40 years. The *' Am
concentrations in DST solids and liquids decrease over 40 years. The *'Am concentration can
increase or decrease depending on the relative ' Am and”'Pu concentrations. The peak “'Am
values were used in the ULD calculations in WHC-SD-WM-SARR-016.
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The application of this correction to the **' Am concentration is conservative. However, if this
build-up of **' Am is included, the effects of decay of the other radioactive isotopes should also
be included. The '*"Cs and "Sr/*Y activities will decrease by more than a factor of two in

40 years, which will tend to decrease the ULD. An assessment of the ULDs for SST solids and
liquids, including the effects of decay and build-up, is shown in Tables 2-7 and 2-8. The **'Am
concentrations were taken from Table 2-6. The remaining activities were determined using the
isotope half-life

A(t) = AqExp(-0.693*t/t,)

where
A(t) = activity at time t
Ag = Iinitial activity
tin = half-life of isotope.

ULDs are calculated by multiplying the activity by the DCF for each isotope and summing over
all the isotopes. The ULDs are shown in Tables 2-7 and 2-8 at 10-year increments. DCFs from
ICRP-71 and ICRP-72 are used in Tables 2-7 and 2-8.

Tables 2-7 and 2-8 both indicate that the total ULDs decrease despite the fact that the **' Am
contributions increase. Therefore, no correction for **' Am build-up is required because
neglecting the decay and build-up is conservative.

2-10
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Table 2-7. Unit Liter Dose as a Function of Time for Single-Shell Tank Liquids.

CRP-71, 1995, Age Dependent Doses to Members of the Public from Intake of Radionnclides Part 4 Inhalation

futope | Gornrar| Aty | VLD | e | 1o | Ty | Sty | dber

DCFsvBg| BYD | GVL) ] Gears) | euny | svy (SvL) | (SvL) |
“Co LOE-08 | 95E406 | 95E-02 | S3E100 | 26E02 | 69E03 | 1LRE03} | 50L04
MSr ) 36L-08 | LIE10 | 38E+02 | 29E+01 | 30E02 | 23E+02 | 181102 | V4E02
Y ] LSE-09 | LIE«0 | 1L6EIO1 | 291+01° | 12BN | 97E400 | 7.6 E400 | 6018100 |
Cs | 46609 | 2201010 | 1.0E02 | 30E00 | 81E0L | 64E101 | STE0] | 41E:01
"'Fu S3E-0% | 24E+09 | 1.2E102 | 88EH00 | 57EH0F | 20101 | 1.2E0] h.} 00 !
Np | 23105 00B+00 | 0.0EH00 | 20 T106 | 0.0E*00 | 0.0E100 | 0.0E+00 | 0.0E100 |
“*Pu 46 E-05 | 920104 | 425100 [ 88E+0L | 39E100 | 3.0E+00 | 33E:00 | 31E+00 |
TPu ] SOE05 | 36LEH07 | LEE+O3 | 241104 | I8ER3 | 18BN} | L8E03 | L8EM3
Pu 9.0E-07 | 26EH08 | 23Ei02 ( 1410161 | 14E102 | S8EOL | SSE01 | 34 B0
MAm | 42005 | 37407 | 161403 | 43E+02 | 1L7E103 | 17E£03 | 1.8E103 | LEEH0}
Cmo | 27 E05 » 428405 | LIED) | LREIO] | TTN00 | SIEI00 | 36KEH0 | 25ES00 |
Total 4.2 E+03 41E+03 | 40E+03 | 39E+03 | 3.8E+03
ULD

Dose Coefficients, Annals of the International Comnussion on Radiation Protection, Volume 25, Number 3-4, Elsevier
Science, Tarrytown, New York: and ICRP-72, 19906, Age Dependent Doses to Members of the Public from Intake of
Radionuctides Pare 5 Compilation of Ingestion and Inhalation Dose Coefficienrs, Annals of the International Commission
on Radiological Protection, Volume 20. Number 1, Elsevier Science, Tarrylown, New York.
P The ™Y activity is in equilibrium with the ™Sr activity.

DCF - dose conversion factor.
ULD — unit liter dose.
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Table 2-8. Unit Liter Dose as a Function ol Time for Single-Shell Tank Solids.

ICRP-71 and o ' L 10-year 20-year | -30-year 40-year
oope | BT i ot st ) Tl | iy | uip | i
s | q " | Y (Sv/L) (Sv/L) - | (Sv/L) (Sv/L).

“Co 1.0 E-08 42 F+08 | 42E4+00 | 5.3 F+00 | 1.1 E+00 3.0 E-0t 8.1 E-02 2.2 E-(2
3¢ 3.6 E-08 1.6 E+12 | 59FE+04 | 29 B+ | 4.6 E+04 3.6 B+04 2.8 B+04 2.2 E+04
My 1.5 F-09 [6E+12 | 24 5403 | 2.9 B+01" 1 1.9 E+03 1.5 B+03 1.2 E+03 | 9.3T+02
My 4.6 B-09 1OE+11 | 46E+02 | 3OE+01 ¢ 370402 | 2.9 E+02 2.3 B+02 1.9 E+02
"Eu 5.3 1:-08 S8 LEH0Y | 30 FEH02 | KB L+00 | 1.4 E+02 6.3 E+01 2.9 E+01 1.3 E+01
'Np 2.3E-05 3O0E+07 | 6.9E+02 | 2.1 E+06 | 69 E+02 | 6.9 E+02 69 E+02 | 6.9 F+02
“py 4.6 [-05 19E+08 | 8.6 403 | 88 E+01 | 790E+03 | 7.3 [+03 6.8 E+03 | 6.3 E+03
*py 5.0 E-05 44 E+0% | 22E+04 | 24 E+04 | 22E+04 | 22 E+M4 22E+04 | 2.2 E+04
“ipy 9.0 [3-07 326409 | 29 B+03 | 14 E+01 | 1.8 403 1.1 13403 6.8 B+02 | 4.2 E+02
TAm 4.2 E-05 14 E+08 | 6.0 E+03 | 43 E+02 | 6.3 E+03 %.7 E+03 9.3 FE+03 | 9.6 E+03
0m 2.7 E-05 23E+06 | 6.2E+01 | 1.8 E+01 | 4.2 [+01 2.9 E+01 2.0 [i+01 1.3 E+01
Total ULD 1.0 E+05 87E+04 | 78E+04 | 69E+04 | 6.2 E+04

ICRP-71, 1995, Age Dependent Doses tor Members of the Public from Intake of Radionuclides Peart 4 Inhalation
Daose Coefficients, Annals of (he International Commission on Radiation Protection, Volume 25, Number 3-4, Elsevier
Science, Tarrytown, New York, or ICRP-72, 1996, Age Dependent Doses to Members of the Public from Intake of
Radionuclides Part 5 Compilation of Inhalation Dose Coefficients, Annals of the International Commission on Radiation
Protection, Volume 26, Number I, Elscvier Scicnee, Tarrytown, New York.

"The ™Y activity is in cquilibrium with the *Sr activity.

DCF = dose conversion Tactor.

ULD = unit liter dose.
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3.0 INTERNATIONAL COMMISSION ON RADIATION PROTECTION
RECOMMENDED DOSE CONVERSION FACTORS

3.1 INTRODUCTION

The ULD calculations for early versions of the FSAR (HNF-SD-WM-SAR-067) use DCFs from
ICRP-26 and ICRP-30, which were issued in 1977 and 1979 by the ICRP. The ICRP modified its
internal dose conversion model in 1990, which resulted in the generation of different DCFs.
ICRP-68 gives updated DCFs for workers and ICRP-71 and ICRP-72 give updated DCFs for the
public (offsite receptor). Section 3.1 discusses the ICRP methods and the impact of changing
methods. Section 3.2 documents a calculation of the doses to the onsite worker using the
updated methodology given in ICRP-68. Section 3.3 discusses evaluation of the doses to the
offsite receptor using updated methodology given in ICRP-71. Section 3.4 presents average
DCEFs for alpha emitters based on the methodology in ICRP-68 and ICRP-71.

The onsite breathing rate is 3.33 x 10™* m%/s. The offsite breathing rate for releases of less than
24-hours duration is 3.33 X 10 m%/s. For offsite releases of more than 24-hours duration, the
breathing rate is 2.57 x 10™* m’/s.

3.2 DISCUSSION OF INTERNATIONAL COMMISSION ON RADIATION
PROTECTION METHODS

The principal differences in the updated ICRP methods are a revised lung model and refined
weighting factors for several organs. These revised DCFs are documented in ICRP-61, Annual
Limits on Intake of Radionuclides by Workers Based on the 1900 Recommendations; the
corrected factors for the onsite worker are given in ICRP-68, and the corrected factors for the
public are given in ICRP-71 and ICRP-72.

While the DCFs from ICRP-68 and ICRP-71 represent an update and presumed improvement to
the modeling of doses from inhalation and ingestion of radioactive materials, the factors are not
uniformly accepted. The U.S. Department of Energy (DOE) orders and standards that control
safety analysis documents (DOE Order 5480.23, Nuclear Safety Analysis Reports, and
DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy Nonreactor Nuclear
Facility Safety Analysis Reports) do not specify the details of the method to be used for the dose
calculations. The controlling regulation for dose calculation for protection of the workers and
the public at DOE facilities is 10 CFR 835, “Occupational Radiation Protection.” The current
version of 10 CFR 835 does not mention ICRP-26 explicitly. However, the data and definitions
in 10 CFR 835 are based on ICRP-26. For instance, for computing occupational exposures,
Section 835.203 states: “Determination of the effective dose equivalents shall be made using the
weighting factors in Section 835.2.” The weighting factors in 10 CFR 835.2 are taken from
ICRP-26. ICRP-68 uses different weighting factors.

ICRP-26 is referenced in other orders. DOE Q 435.1, Radioactive Waste Management,
establishes the requirements for managing radioactive waste. In Appendix A, “Technical Basis
and Considerations for DOE M 435.1,” the requirement is given that doses to the public shall not
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exceed 25 mrem (0.25 mSv) in a year. The statement is made: “Changes were made to make the
requirement clear that the dose calculation is to be consistent with ICRP-26 and ICRP-30.”
There are similar references in other documents. DOE Order 6430.1A, General Design Criteria,
Section IV. P, specifies a 25-rem whole body dose as a siting guideline “when calculated by
using ICRP-26 weighting factors.” DOE Order 6430.1A has been replaced but is still referenced
by other documents. However, the DCFs from ICRP-68 and ICRP-71 are based on current
models and allow more representative calculations to be made for both the onsite workers and
the public.

3.3 ONSITE DOSE CONVERSION FACTORS

DCFs are given for up to three lung clearance classes for each isotope. ICRP-68 uses the
notation of F, M, and S (fast, moderate, and slow) for clearance class rather than the D, W, and Y
(daily, weekly, and yearly) that are used by ICRP-26. The clearance class depends on the
chemical compound of the isotope and how the human body processes the compound. The
clearance class that produces the largest doses is used in this report for each isotope except for
*Sr. Class “D” is used in an earlier version of the FSAR (HNF-SD-WM-SAR-067) for *’Sr
rather than the larger “Y” factor because the only strontium compound that is in the “Y” class is
SrTiOs, which is not expected to be found in the Hanford Site waste. The “F” clearance factor is
therefore used for *°Sr rather than the larger “S” factor for the calculation with the [CRP-61 and
ICRP-68 DCFs. The DCFs are shown in Table 3-1 for both the ICRP-26 and ICRP-68 models.

The ICRP-68 inhalation DCFs are given for both a 1-um and 5-um activity median aerodynamic
diameter (AMAD) particle size. Both sets of factors are given in Table 3-1. The 5-um AMAD
values are smaller for the transuranic isotopes and result in lower ULDs for the RPP isotope
mixes. ICRP-68 states in Section 2.1: “For occupational exposure the default value now
recommended for the Activity Median Aerodynamic Diameter (AMAD) is 5 pm (ICRP-68,
Paragraph 181), which is considered to be more representative of workplace aerosols than the

1 pm value adopted in ICRP Publication 30.” The Safety Evaluation Report
(TWRS-RT-SER-003) of the FSAR (HNF-SD-WM-SAR-067) also recommends the use of 5 um
data. DOE-HDBK-3010-94, Airborne Release Fractions/Rates and Respirable Fractions for
Nonreactor Nuclear Facilities, considers particles less than 10 um in diameter as respirable. The
use of the 5 pm DCFs, theretfore, appears justifiable. This may need to be evaluated for each
accident scenario to ensure that conservative data are used.

The 24-hour ingestion doses in the FSAR (HNF-SD-WM-SAR-067) are calculated with the
GENII computer code (PNL-6584). The GENII code uses the ICRP-26 DCFs. A new version of
GENII is planned that will include ICRP-68 factors, but it is not now available in a version that
has the proper documentation for safety analysis. Since the 24-hour ingestion dose is a relatively
small contributor to the total dose, attempting to update the ingestion doses is not recommended
at this point.
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Table 3-1. Inhalation Dose Conversion Factors.
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ICRP-68" DCF ICRP-68" DCF
Isotope ICREg;ig‘ql))CF 1-um AMAD 5-um AMAD

(Sv/Bq) (Sv/Bq)

“Co 5.91 E-08 2.9 E-08 1.7 E-08
gy  64TE08 24 F-08 3.0 E-08
iy 228 E-09 1.5 E-09 1.7 E-09
Wics N 8.03 E-09 7 4sE00 6.7 E-09
R 7.73 E-08 5.0 E-08 3.5 E-08
2TNp 1.46 E-04 2.1 E-05 1.5 E-05
2py 1.06 E-04 43E-05 3.0 E-05
230240p, 1 16 E-04 4.7 B-05 3.2 E-05
py 2.23 E-06 8.5 E-07 5.8 E-07
*Am 1.20 E-04 I 3.9 E-05 2.7 E-05
THem, 6.70 E-05 2.5 E-05 1.7 E-05

ICRP-20, 1977, Recommendations of the International Commission on Radiological Protection,
Annals of the Tnternational Commission on Radiation Protection, Volume 1, Number 3, Elsevier Science,
Tarrytown, New York.

PICRP-68, 1994, Dose Cocfficients for Intakes of Radionuclides by Workers - Replacement of
[CRP Publication 61, Annals of the International Commission on Radiological Protection, Volume 24,
Number 4, Elsevier Science, Tarrytown, New York.
AMAD = activity median aerodynamic diamerer.
DCF +- dose conversion factor.

3.4 OFFSITE RECEPTOR DOSE CONVERSION FACTORS

ICRP-71 and ICRP-72 give age-dependent doses for members of the public. ICRP-71 discusses
the methods, and ICRP-72 gives a summary of the DCFs. There are several differences between
the ICRP-68 data and the ICRP-71 data. The following is a summary of the differences.

e DCFsin ICRP-71 and ICRP-72 are given for different ages: 3 months, 1 year,
5 years, 10 years, 15 years, and adult. In general, DCFs for infants are about a
factor of two higher than for adults, and intermediate ages show intermediate
DCFs. The data in ICRP-71 indicate that the breathing rate in cubic meters per
second 1s lower for the younger ages. Dosc 1s a function of both DCF and
breathing rate. The products of DCE times breathing rate for the different ages
and isotopes are given in Table 3-2. The product of breathing ratc and DCF is
highest for the adult for the dominant i1sotopes. Theretore, using the adult factors
1s rcasonablc.

[
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Table 3-2. Comparison of Dose Conversion Factor Times Breathing Rates
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for Receptors ol Various Ages.

Age 3months | 1year | Syears | 10 years 1S years | Adult .
Air breathed in 2.86 5.16 8.72 15.3 20.1 222
24 hours (m})*
Average breathing rate | 3.31 E-5 | 597 E-05 | 1.01 E-04 } 1.77 E-04 | 2.33 E-04 | 2.57 E-04
(1113/5;)
YISy DCF (Sv/Bq) [SE-07 | 1.1 E-07 |65E08 |51E-08 |50E-08 |3.6E-08
S DCF times SO0E-12 | 6.6 E-12 |6.6E-12 |9.0FE-12 |1.I6E-1l |93E-12
breathing rate
(Sv-m’/Bg-s)
"y DCF 13E-08 | 88E-09 |42E-09 [27E09 | 1.8E09 |1.5E-09
Y DCIF times 43F-13 | S3E-13 |42E-13 |48FE-13 |[42E-13 |39E-13
breathing rate
(Sv—m}/Bq—s)
es DCF 8.8E09 | S4E-09 |3.6E09 |37E00 |{44E09 |4.6E-09
¢ DCF times 29E-13 |3.2E-13 [36E-13 |66E-13 | 1OE-12 |12E-12
breathing rate
(Sv-m'/Bq-s)
*8pu DCF (Sv/Bq) 78 E-05 | 74E-05 |56E05 |44E05 |43E-05 |4.6E-05
by DCF times 26E-00 |44E-09 |57E09 |7.8E-09 |[1.0E-08 |1.2E-08
breathing rate
(Sv~m"/8q»s)
*¥pu DCF (Sv/Bq) 80E-05 |7.7E-05 |60E-05 |48E-05 |47E-05 | 50E-05
2¥pu DCF times 27609 |46E-09 |6.1E-09 [85E-09 |[.lE-08 | 13E-08
breathing ratc
(Sv—m';/Bq—s)
*'Am DCF(Sv/BQ) 73E05 |69E05 |51E05 [40E-05 |40E05 |42E-05
M Am DCF times 24E-09 |4 1E-09 [52E09 {7.1E-09 |93E-09 | 1.1 E-08
breathing rate
(Sv-m'/Bq-s)

Note:

DCEs for all isolopes except Y are from ICRP-71, 1995, Age Dependent Doses to Members of the Public

from Intake of Radionuclides Part 4 Inhalation Dose Coefficients, Anmals of the International Commission on
Radiation Protection, Yolume 25, Number 3-4, Elsevier Science, Tarrytown, New York. DCEs for Y are from
ICRP-72, 1996, Age Dependent Daoses to Members of the Public from Intake of Rudienuclides Part 5 Compilation of
Ingestion and Inhalation Dose Coefficients, Annals of the Tnternational Comunission on Radiation Protection,
Volume 26, Numnher 1, Elsevier Science, Tarrytown, New York.

*Breathing rate for different ages from Table 6 of ICRP-71.

NCF = dose conversion lactor,
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DCFs are given only for I-um AMAD in ICRP-71 and ICRP-72 (i.e., no 5-um data
are given). ICRP-71 indicates in Section 2.3: “For environmental exposure, the
default AMAD is taken to be 1 um.”

ICRP-68 presents data for two clearance classes, M and S, for transuranic isotopes.
ICRP-71 and ICRP-72 give data for three clearance classes, F, M, and S, for the
transuranic isotopes. The class F DCFs are largest. However, the statement is made
for americium, neptunium, plutonium, and curium in ICRP-71: “Default Type M is
recommended for use in the absence of specific information.” Class M data are used
in Table 3-2.

ICRP-68 presents data for two clearance classes, F and S, for %8r. The S class DCF
is larger. The class F DCF is used because only one strontiurm compound has S
characteristics (SrTiO;) and that compound is not expected to be found in Hanford
Site waste. ICRP-72 gives data for three clearance classes, F, M, and S. ICRP-71
recommends the use of the M class unless specific data are known. The M class data
from ICRP-71 were used in Table 3-2. Thus, the 05 calculations for onsite workers
and offsite public are based on different clearance classes.

The E clearance class is recommended in ICRP-71 for '*’Cs. F data are used for this
isotope.

Data for °°Y and "**Eu are not included in ICRP-71. Maximum DCFs were taken
from ICRP-72 for *°Y and "*Eu.

The first bullet above indicates that doses to aduits are larger than doses to children. This
conclusion is supported by the following calculation for doses due to inhalation of a given
isotope:

where

D =(Q) (X/Q) (BR) (DCF)
D = dose to the receptor
Q = amount of a given isotope released
X/Q' = the atmospheric dispersion coefficient
BR = breathing rate
DCF = dose conversion factor for the isotope.
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The doses are proportional to the breathing rate times the DCF. The product of the average
breathing rate and the DCF is given in Table 3-2 for receptors of various ages for the isotopes
that are significant contributors to the inhalation dose. The dose to adults is the largest with two
exceptions:

1. The dose to the 15-year old is about 25 percent higher than the dose to the adult for
90
Sr

2. The doses for *°Y for all the younger ages are significantly larger than the doses for
adults.

It can, however, be seen from examining the tables of HNF-4754, Tank Waste Isotope
Contributions, that the ULDs are dominated by the transuranics. The adult dose is largest for the
transuranics. Yttrium-90 is a relatively small contributor to the dose (about 1 percent or less).
Strontium-90 can contribute up to about 48 percent of the dose for SST solids. The remainder is
almost all from transuranics. The adult doses from transuranics are about 20 percent higher than
the closest children’s dose. The use of the adult doses for comparison to risk guidelines is
therefore reasonable. The DCFs from ICRP-71 and ICRP-72 for offsite adult receptors are given
in Table 3-3. The data from ICRP-68 for 5 pm are also repeated in this table for comparison.

The DCFs from ICRP-71 and ICRP-72 are slightly larger for most isotopes than the DCFs from
ICRP-68. The DCF for *°Sr is larger because of the difference in clearance class. ICRP-71
computes the dose to age 70 assuming the adult is 17 years old, therefore resulting in a 53-year
dose. ICRP-68 DCFs are based on a 50-year dose.

3.5 AVERAGE DOSE CONVERSION FACTORS FOR ALPHA EMITTERS

Sample data from the tanks frequently give total alpha activity rather than activity from specific
isotopes. A calculation of the effective DCFs for all the alpha-emitting isotopes was made using
the DCFs from ICRP-26 (WHC-SD-WM-SARR-016). This calculation has been repeated using
the DCFs from ICRP-68 for workers and the DCFs from ICRP-71 and ICRP-72 for the offsite
receptor. These DCFs can be used with the total alpha activity in the same way that the DCFs
for specific isotopes are multiplied by the 1sotope activity. Effective DCFs for the alpha-emitters
for each composite are calculated using the following formula:

DCFerr = X (DCF)) (A)

2 (A
where
DCF.y = effective dose conversion factor
DCF; = dose conversion factors for the /th isotope
Aj = activity of the ith isotope.
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Table 3-3. Dose Conversion Factors for Offsite Receptors.

: o a b o o
e | ST curar sy
e SvBy) GviBg)
60, 1.0 E-08* [.7TE-08
90g 3.6 E-08* 3.0 E-08
%y [.5 E-09%** 1.7 E-09
37 4.6 E-Q9** 6.7 E-09
IMEy 5.3 E-g#** 3.5 E-08
27Np 2.3 E-05* 1.5 E-05
2p,, 4.6 E-05* 3.0 E-05
EEET 5.0 E-05# 32 E-05
2ipy, 0.0 E-O07+ 5.8 E-07
! Am 4.2 G-05* 2.7E-05
“HCm 2.7 E-05* 1.7 E-05

ICRP-71, 1995, Age Dependent Doses to Members of the Public from Intake of
Radionuclides Part 4 Inhalation Dose Cocfficients, Annals of the International
Commission on Radiation Protection, Volume 25, Number 3-4, Elsevier Science,
Tarrytown, New York,

MICRP-72, 1996, Age Dependent Doses to Members of the Public from tntake of
Racdionuclides Part 5 Compilation of Ingestion and Inhalation Dose Coefficients, Annals ol
the [nternational Commission on Radiation Protection, Volume 26, Number 1, Elsevier
Science, Tarrytown, New York.

ICRP-68, 1994, Dose Coefficients for Intakes of Radionuclides by Workers—
Replacement of ICRP Publication 61, Annals ol the International Commission on
Radiation Protection, Volume 24, Number 4, Elsevier Science, Tarrylown, New York.

*Class M data
**Class Fdata
FekMaximum value from ICRP-72

DCF = dose conversion factor.

The alpha emitting isotopes are mNp, *#pu, *Pu, ' Am, and **'Cm. The results are
summarized in Table 3-4, and the detailed calculations are shown in Appendix B for ICRP-68 for
both I-pm and 5-pum AMAD and for [CRP-71 and ICRP-72. Activities arc based on the “super-
tank” values from WHC-SD-WM-SARR-016.

3.6 BREATHING RATE

Table | of ICRP-68 derives a breathing rate for light work assuming the individual spends
2.5 hours sitting with a breathing rate of 0.54 m'/h, and 5.5 hours at light exercise with a
breathing rate of 1.5 m*/h. The total quantity breathed in 8 hours is 9.6 m’, giving an average

breathing rate of 3.33 x 10™ m*/s. This is the light-activity breathing rate that is used in the
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FSAR (HNF-SD-WM-SAR-067). While the peak breathing rate is higher, use of the light-
activity value is reasonable since it reflects an average of typical activities during a working day.

Table 6 of ICRP-71 indicates that the breathing rate for the offsite adult receptor is calculated
assuming the receptor spends 6 hours sitting at a breathing rate of (.54 m*/h, 9.75 hours at light
exercise at a breathing rate of 1.5 m’/h, 0.25 hours at heavy exercise at breathing rate of

3.0 m*/h, and 8 hours sleeping at a breathing rate 0.45 m’/h. The total air breathed in 24 hours is
22.2 m" for an average breathing rate of 2.57 X 10 m'/s. This is an average breathing rate.
Since many releases in the FSAR (HNF-SD-WM-SAR-067) are considerably shorter than

24 hours, it would be conservalive to use the light-activity breathing rate for short relcases

(3.33 % 107 m"/s), but the 2.57 x 10°* m”/s could be used for releases of 24 hours or longer.

Table 3-4. Effective Dose Conversion Factors for Alpha-Emitters for Diflerent Composites
Based on Dose Conversion Factors from ICRP-68 and ICRP-71.

Effective DCF from Effective PCF from . Effectlv% DCF from
_ a ICRP-68" for Tank ICRP-71" for Dose to
o ICRP-68" for Tank , o :
Composite . Waste Alpha-Emitters | Adults from Tank Waste:
Waste Alpha-Emitters ; ; - : .
for 5-. AMAD (Sv/Bq) for 1-u AMAD - Alpha-Emitters .
._ " a (Sv/Bq) (Sv/Bq)
Single-shell 2.92 E-05 426 E-05 4.56 E-05
tank tiquids
Single-shell 2.97 E-05 4.32 E-05 4.61 E-05
tank solids
Double-shell 2.79 E-05 4.04 E-05 4.34 E-05
tank liquids
Double-shell 2.88 E-05 4.19 E-05 4.49 E-05
tank solids
Average 2.90 E-05 4.20 E-05 4.50 E-05
Note:  The average alpha DCE computed based on super-tank data will be used o calculate doses based on gross

alpha activities.

ICRP-68, 1994, Dose Caefficients for Intakes of Radionuclides by Workers— Replacement of ICRP
Publication 61, Annals of the International Commission on Radiaton Protection, Volume 24, Number 4, Elsevier
Scicnee, Tarrytown, New York.

"ICRP-71, 1995, Age Dependent Doses to Members of the Public from Intake of Radionuclides Part 4
fnhalation Dose Coefficients, Annals of the International Commission on Radiation Protection, Volume 25,
Number 3-4, Elsevier Science, Tarrytown, New York.

AMAD = activity median acrodynamic diameter.

DCF = dose conversion tactor.
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4.0 TANK CHARACTERIZATION DATA AND
UNIT LITER DOSE MODELS

This section describes the development of ULDs. Section 4.1 is a bricf desceription of the initial
development of ULDs for the tank farms. Section 4.2 describes the data and statistical methods
used to develop the ULDs presented in this report. Section 4.2 recommends that the 95th
percentile values taken from a lognormal distribution of mean ULDs calculated for cach tank
modcl be used as the ULDs for consequence calculations. Section 4.3 presents an evaluation of
whether the subsct of data used to calculate ULDS 1s representative of the entire data set.
Section 4.4 provides guidance and examples for development of tank-specific or subset ULDs.

The ULDs presented in Tables 4-1 through 4-3 should be used for accident analysis. Except for
the ULD given for tank 241-AZ-101, the ULDs are based on the 95th percentile of the lognormal
distributions (it to the mean for cach tank ULD value shown in Figures 4-1 through 4-8. The
ULDs given for tank 241-AZ-101 arc taken from WHC-SD-WM-SARR-016. The ULDs flor
tank 241-AZ-101 will be recalculated when samples taken from that tank have been analyzed.

Table 4-1. Inhalation Unit Liter Doses for Onsite Receptor, 95th Percentile.

SST Solids SST Liquids DST Solids DST Liquids
(Sv/L) (Sv/L) (Sv/L) (Sv/L)

1.006 E+04 1.44 E+03 1.07 E+05 7.97 E+02

Note: ULDs in this table are caleulated based on the methodology in ICRP-68, 1994, Dose
Cocfficients for Intakes of Radionuclides by Workers. -Replacement of ICRP Publication 61, Annals
of the International Commission on Radiation Protection, Volume 24, Number 4, Elsevier Science,
Tarrytown, New York.

DST - double-shell wank.

SST - single-shell tank.

Table 4-2. Total Unit Liter Dose for Accident Analysis for the Public,
95th Percentile.

SST Solids SST Liquids DST Solids DST Liquids
(Sv/L) (Sv/L) (Sv/L) (Sv/L)
1.66 E+04 1.28 E+03 1.84 E+05 8.45 E+02

DST = double-shell tank.
SST - single-shell tank.
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Table 4-3. Inhalation and Ingestion Unit Liter Doses for
Tank 241-AZ-101 Accident Analyses.

Inhalation = . Ingestion
(8L S| (Sv-m’ML-sy .
~Solid .| Liquid I Solid. - Liquid -
1.76 E+006 1.43 E+03 8.1 0.09
Note:  The unit liter doses in this table are hased on Aging Waste Facility information from

WHC-SD-WM-SARR-016, 1996, Tank Waste Compasitions and Atmospheric Dispersion Coefficients
Sor Use in Safety Analysis Consequence Assessmenty, Rev. 2, Fluor Daniel Northwest, Richland,
Washington.

Ground shinc is not included in the onsite inhalation pathway because ground shine is a slow-to-
develop dose pathway, which produces relatively low dose rates, and is not an immediate threat
to personnel. Ground shine will be mitigated by cither evacuation and posting of contaminated
arcas or decontamination of the arcas. Shine from pools formed from liquid leaks is included in
the accident evaluations but not included in the ULDs because this dose varies depending on the
accident scenario. The calculation notes specific to leak or spill scenarios should be consulted
for details of the pool shine calculations. Ground shine is included [or completeness in the
24-hour ingestion dose although it is a relatively small contributor (<0.1 percent).

The inhalation ULDs calculated using ICRP-08 are to be used for calculating doses to the onsite

(100 m) worker. The inhalation ULDs caleulated using ICRP-71 and ICRP-72 are to be used for
calculating doses to the public. The ingestion and ground shine dosce to the public is estimated to
be bounded by 10 pereent of the inhalation dose (see Section B8.0). The total ULDs (inhalation,
ingestion, and shine) for calculating dose to the public are given in Table 4-2.

4.1 ORIGINAL (SUPER-TANK) UNIT LITER DOSE MODEL

The ULDs used in the FSAR (HNF-SD-WM-SAR-067) were based on a super-tank model. Six
models were used, one each for SST solids, SST liquids, DST solids, DST lLiquids, AWF solids,
and AWF liquids. The 11 radionuclides listed in Tables 2-2, 2-3, and 2-4 were used in the super-
tank models. The highest verificd concentration of each radionuclide in each group of tanks was
found. These concentrations were then assumed to be in one tank, the “super tank,” and a ULD
was calculated. [n this case, verified means that the sample results were examined to sec that
there were no calculation errors in the laboratory report, no physical laws were broken

(1.c., solubility), and process history did not make such a result impossible. In addition, both
pre-1989 and post-1989 sample data were used in the source terms even though the Hanford
Federal Facility Agreement and Consent Order (Tri-Party Agreement 1990) stipulates that
post-1989 sample data arc to be used for activities covered by the Tri-Party Agreement. The
pre-1989 data were used because post- 1989 data were not available for a number of tanks. It was
helieved, and DOE concurred, that it was betler to use pre-1989 data than no data.
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In February 1999, LMHC’s Process Control orgamization distributed Interofiice
Memorandum 74B50-99-013, Assessment of Radionuclide Data Since 1995 Against the Source
Term (Reynolds 1999). The assessment compared the data generated by the characterization

program since 1995 with the data used to generate the ULDs in the FSAR

(HNF-SD-WM-SAR-067). The report identifics new bounding concentrations for some
radionuclides. Table 4-4, reproduced from Interoffice Mcecmorandum 74B50-99-013
(Reynolds 1999), shows the new bounding concentrations.

Table 4-4. Bounding Concentrations.

Radionuclide Tank Type and State Rev(isBe(;lﬂIj)imit FS?;!;,{,)imit
o Aging waste liquids 1.12 B4+06 7.71 E+05
Ngr-My Single-shell solids 327E+12 1.6 E+12
Np Single-shell solids 8.17 E107 3.0 E+07
“¥py Aging waste liquids 4.22 E+05 2.75 E+O3
¥py Single-shell solids 1.2 E+09 4.4 E+08
*Ypy Aging waste liquids 2.33 E+00 1.20 E+06
*Am Single-shell solids 2.59 E+09 2.3 E+08
“Am Double-shell solids 6.21 E+09 2.7 B+09

*HNF-SD-WM-SAR-067, 2000, Tunk Waste Remediation Svstem Final Saferv Analysis Report. Rev. 11D,
l.ockheed Martin Hantord Corporation, Richland, Washington,

New ULDs were calculated based on the values shown in Table 4-4. The caleulational methed
was the same as that used in the FSAR (HNF-SD-WM-SAR-067). The highest concentrations
for each radionuclide were assumed to be in a single tank, and a ULD was calculated. The new
ULDs, the FSAR ULDs, and a ratio of new-to-FSAR ULDs are shown in Table 4-5, which is
also taken from Interoffice Memorandum 74B50-99-013 (Reynolds 1999).

As was cxpected, an increase in concentration of one (or more) of the radionuclides used to
calculate the ULD results in an increase in the ULD. Each radionuclide has a different effect on
the calculated ULDs. Therefore the magnitude of the increase in the ULD depends on which
radionuclide concentrations increase. In this case, two of the radionuctides that have a large
cffect on the ULDs, ' Am and **’Pu, had significant incrcascs in concentration. Significant
increases in the ULDs for SST solids and DST solids resulted.

If the super-tank methodology continucs (o be used, the sourcc term ULD will have to be
adjusted and accident conscquences recalculated every time a radionuclide analysis is found that
exceeds the one used in the FSAR (HNF-SD-WM-SAR-067). Continuing the current system
will result in statistically insignilicant outliers driving the caleulation of the ULD. The current
super-tank modcl only counts high values, so there will be a constant upward creep in the ULDs,
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Tabie 4-5. Comparison of Bounding Concentrations.

. . * .

Composite Revmet{J Ililnhalatlon FSAR U[[lj]l:l)alatlon I;es‘gsli ‘: glig /
(Sv/L) (Sv/L)

Single-shell tank liquid 1.08 E+04 1.10 E+04 0.98

Single-shell tank solids 7.10 E+05 2.21 E+05 3.21

Double-shell tank hquids 0.00 E+03 0.06 E+03 0.99

Double-shell tank solids 9.47 E+05 5.29 E+05 1.79

Aging Waste Facility liquids 1.55 E+03 1.42 E+03 1.09

Aging Waste Facility solids 1.71 E+06 1.73 E +006 0.99

All liquids 1.16 E+04 1.17 E+04 0.99

All sohids 1.89 E+06 1.87 E+06 1.01

*HUNF-SD-WM-SAR-067, 2000, Tank Waste Remediation Svstem Final Saferv Analvsis Report, Rev. 11,
Lockheed Martin Hantord Corporation, Richland. Washington.

FSAR - final safety analysis report,

ULD = unit liter dose.

4.2 MODEL USING STATISTICAL TREATMENT OF NEW
CHARACTERIZATION DATA

The sample data used for this work were taken from the Tank Characterization Database (TCD)
(PNNL 1999). The statistical analysis of the data is cxplained in HNF-4534, Sample Based Unit
Liter Dose Estimates, which is reproduced as Appendix C in this document. A briel description
of the method 1s given in this section. The proposcd methodology calculates a mean ULD for
cach tank that has sample data for 8k (or ™Y, VCs, and gross alpha. The activity
concentrations for "’Sr and "Y are the same, so the concentration of Y can be inferred from the
"99Gr data. The gross alpha component includes ' Am, ***Pu, 2Py, B?Np, and "Cm. The
specified radionuclides and gross alpha activity account for a minimum of 92 percent (refer (o
Table 2-5) of the inhalation and ingestion doscs [rom the waste in the tanks (Brevick 2000).
Section 3.5 explains the caleulation of DCFs for all the alpha-cmitting isotopes. This DCF can
therefore be used with the gross alpha activity in the same way as the DCFs for specific activity.
The concentration data are therefore available, or can be inferred, for ”'Sr, v, '¥'Cs, and 2ross
alpha. The three measured analytes actually result in eight radioisotopes being used to calculate
thc ULDs. All 8 were included in the total of 11 radionuchides used in the FSAR
(HNF-SD-WM-SAR-(67).

With this methodology, individual tank mean ULDs could be compared with the FSAR ULDs.
A tank could be found to have an analyte that exceeds the valuc previously used as “bounding,”
but as long as the mean ULD for that tank did not exceed the FSAR ULD, operations would not
be affected.
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The radionuclide concentrations used to calculate the tank-specific ULDs are mean values of the
concentrations from each tank. The mean ULDs are used to construct a distribution of ULDs
(see Figures 4-1 through 4-8). Three different distributions, lognormal, gamma and Weibull,
were tried. The lognormal distribution was the only distribution that was not rejected using
“goodness-of-fit” criteria. From the distribution of ULDs, values are selected (i.e., the quantile
associated with the 90th, 95th, or 99th percentile value) depending on the level of conservatism
determined to be appropriate. The ULDs selected using this process are ULDs that exceed the
selected quantile of the values in the population. That is, for the 95th percentile ULD,
approximately 1 in 20 tanks will have ULDs exceeding the selected value. No confidence
statements are attached to these estimates.

Tolerance limits can also be used to select ULDs. This approach makes a confidence statement
regarding the proportion of the population that has a ULD limit less than a specified value.

Given the distributions of ULDs shown 1n Figures 4-1 through 4-8, tolerance limits predict the
probability that a selected ULD number will not be exceeded and attaches a confidence statement
to the prediction. The method depends on the number of tanks that are sampled. Using SST
solids as an example, where 54 of 149 tanks have the required sample information, the 95/95
tolerance limit says there is 95 percent confidence that 95 percent of the population is less than
the given limit or ULD value. In other words, there is a 95 percent confidence level that no more
than 1 in 20 tanks will exceed the given ULD.

Figures 4-1 through 4-8 are histograms of the lognormal distribution of the number of tanks
sampled for each of the waste types versus the mean ULD in sieverts per liter. Superimposed on
each plot are the 95th and 99th percentile ULDs, the 95/95 and 95/99 tolerance imit ULDs, and
the current FSAR ULDs. The plots are for SST solids and liquids and DST solids and liquids
using the DCFs from ICRP-68, ICRP-71, and ICRP-72.

The DST plots include tanks 241-AY-101, 241-AY-102, and 241-AZ-102. In the FSAR
(HNF-SD-WM-SAR-067), the 241-AY and 241-AZ tanks are included in the AWF tank
grouping. A review of the contents of the 241-AY tanks and 241-AZ-102 led to the conclusion
that it was more logical to place these tanks in the DST grouping. The only remaining tank in
the AWF tank group is 241-AZ-101. The 241-AZ tanks were sampled during the fourth quarter
of calendar year 1999. Preliminary sample analyses place 241-AZ-102 in the DST category.
Complete sample results are not yet available for 241-AZ-101. Sample results for 241-AZ-101
liquid are included in Figures 4-4 and 4-8. However, information on 241-AZ-101 solids is not
yet available. Until the sample results for 241-AZ-101 are available, the FSAR ULDs for AWF
tanks (HNF-SD-WM-SAR-067) should be used for 241-AZ-101.

Table 4-6 summarizes the ULD numerical values from Figures 4-1 through 4-8 by percentile and
tolerance hmit, and includes the ULDs used in the FSAR (HNF-SD-WM-SAR-067).



RPP-5924 REV 0

Table 4-6. Summary of Unit Liter Doscs by Pereentile and Tolerance Limit,

SST Solids DST Solids SST Liquids DST Liguids
ULD Type (Sv/L) (8v/L) (Sv/L) (Sv/L)
ICRP-68 | ICRP-71 | FCRP-68 | ICRP-71 | ICRP-68 | ICRP-71 § ICRP-68 | ICRP-71
95th pereentile LO6E+4 | 1531 T+4 | 107 E+5 | 167 EAS | 144 E+3 | 116 Et3 | 797 E+2 | 7.68 42
95/95 tolerance linmit | 200 Ei4 | 299 E14 | 882 E15 | |51 E16 | 5.04 43 | 389 FE+3 | 233 E+3 | 231 Et3
90th percentile J20E+4 [ 477144 | 509 L+5 | 853 E45 | 501 E+3 | 388 E13 | 253 E+3 | 2.51 1i+3
Final Safety Analysis 2.2 L5 53 E45 1.1 E+4 6.1 E+3
Report
95/99 tolerance hmit | 7.63 E+4 [ 114 [45 [ 784 E+6 | 149 E+7 | 251 E+4 | 1.84E+4 | 1.0E+4 | 1.O3Et4

Note: LILDs are calculated for workers using the dose conversion factors from ICRP-68, 1994, Dase

Cocfficient for Intakes of Radionuctides by Workers - Replacement of 1CRP Publication 67, Annals of the International

Commission on Radiation Protection, Volume 24, Number 4, Elsevier Science, Tarrytown, New York., ULDs for
offsite receptors are calculated using the dose conversion factors from I[CRP-71, 1995, Age Dependent Dases to
Members of the Public from Intake of Radionuclides Part 4 Inhalation Dose Cocefficients, Annals of the International
Commission on Radiation Protection, Volume 25, Number 3-4, Elsevier Science, Tarrytown, New York.

DST - double-shell tank.
SST ~ single-shell tank.
ULD = umt liter dose.
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4.3 REPRESENTATIVENESS OF DATA SET

This section evaluates the representativeness of the sample distributions in two different
ways. The first way compares the subset of sample data used to calculate ULD
distributions with the entire set of available sample data. The second determines the
effects of using three different models for evaluating sample data reported as “below
detection limits.” The complete set of calculations and assumptions used in this section
is given in HNF-4534, which is reproduced as Appendix C in this document.

Computing a ULD for a tank requires sample data for *’Cs, alpha, and *’Sr. Many tanks
have sample data for at least one of these radionuclides, but ULDs were calculated only
for tanks having data on all three radionuclides. Three statistical comparisons can be
made between the sets of data. The computer program S-PLUS (S-PLUS 2000) was used
to make the following comparisons:

e A comparison of the two variances using an F-test
e A comparison of the two means using a T-test

e A comparison of the two distributions using the two sample Kolmogorov-
Smirnov test.

The F-test was used to test the equality of variances for each of the three radionuclides,
for each type of tank (DST and SST), and for each waste phase (solid and liquid). The
results of the F-tests show that the variances are not significantly different from each
other.

The T-test, assuming equal variances, was used to test the equality of means for each of
the three radionuclides, for each type of tank (DST and SST), and for each waste phase
(solid and liquid). The results of the T-tests show that the means are not significantly
different from each other.

The two sample Kolmogorov-Smirnov test was used to test the equality of distributions
for each of the three radionuclides, for each type of tank (DST and SST), and for each
waste phase (solid and liquid). The results of the tests show that the two distributions are
not significantly different from each other.

All tests were performed at the 0.05 level of significance. A total of 12 combinations

(2 tank types times 2 phases per tank type times 3 analytes) were evaluated. Two plots,
Figures 4-9 and 4-10, are included as examples. Both plots are quantile plots of two sets
of data by radionuclide and by waste type. The number of points is the number of tanks
with data. The x-axis represents the quantiles (i.e., the ordered values of the data). The
y-axis represents the percentile points (1.e., the point 0.50 corresponds to the median and
the point 0.95 corresponds to the quantile for the 95th percentile). These figures
demonstrate that there is little difference between the complete data set and the subset
used to calculate the ULDs. A complete table of the numerical results is found in
Appendix C of HNF-4534 (see Appendix C of this document).
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The representativeness of the data set may also be affected by the manner in which data labeled
as “below detection limits” are used. The data set used to calculate ULDs intentionally did not
use data so marked. Three different models were used to evaluate the observations below the
detection limits. In the first model (M1), the observations below the detection limits were
omitted; in the second (M2), the observations below the detection limits were replaced by the
detection limit; and in the third model (M3), the observations below the detection limits were
replaced by zero. The means and variances for each model, by tank type and phase, are shown in
Table 4-7, reproduced from Appendix C of HNF-4534 (see Appendix C of this document). The
table shows that there is no significant difference in the ULDs using any of the three models for
treatment of “below detection limit” data.

44 DEVELOPMENT OF UNIT LITER DOSES FOR SPECIAL
CASES AND GROUPS OF TANKS

As part of the development of the general case ULDs in this report, mean ULDs were calculated
for individual tanks for which data on all three analytes were available. The raw data from
sampling are available in the TCD (PNNI. 1999). The data from the TCD have been sorted and
organized and are available in HNF-4534 (see Appendix C of this document). The individual
tank ULDs are also in HNF-4534. If the data sets are not limited to the intersection of all three
analytes, then additional data are available for each analyte separately. The question of using
individual tank ULDs or creating representative ULDs for a subset of tanks is addressed in this
section.

Direct use of individual ULDs or of subsets of tank ULDs without developing a rationale or
having corroborating information could result in consequence calculations that are either too
high or too low for making good control decisions. The basic problem with single tank ULDs is
that they can be based on a single sample for one or more of the three analytes. Physically this
means that an analysis of one 19-in.-long by 2-in.-diameter core segment provides the single
value for one of the three radionuclides. A 100-series waste tank is 75 ft in diameter and may
contain waste up to a depth of 20 ft or more. The waste was deposited in the tanks in layers and
1s not homogenous either vertically or horizontally. Therefore, it is difficult to claim that one
sample 1s representative of the waste in a single tank. Radiological dose calculations that are
based on a single sample may overestimate or underestimate the radiological dose by a large
factor.

If single tank ULDs or ULDs for subsets of tanks are developed, the accident analyst must
carefully evaluate the available data and document the assumptions and methods used to develop
the new ULDs. The following information and examples are given as guidance for selecting and
using ULDs other than the standard ULDs given in this document.

e The data files for individual radionuclides and tank ULDs can be used in other
probability distributions (with justification) or in stochastic analyses where accident
parameters are varied using Monte Carlo techniques. An example of a stochastic
analysis that uses the data files for individual radionuclides can be found in
RPP-5667, Stochastic Consequence Analysis for Waste Leaks.
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Table 4-7. Comparison of Means and Variances of Unit Liter Doses by Waste Type for the
Three Models (M1, M2, and M3) for Detection Limits.

Model N'f;;ziz off Mean Variagce_ Nl}rn;‘:l;; off Mean Variance -
| DCF for Onsite Receptor from ICRP-68°
ULD SST Solid Samples ULD SST. qumd Samples
MI 54 3.68 E+03 | 1.05 E+08 23 [.73E+02 | 7.90E+04
M2 | 57 | 341E+03 | 944E+07 | 26 L70E+02 | 586 E+04 |
M3 | 57 | 339E+03 | 945E+07 26 28 E+02 | 4.37 E+04
- ULD DST Solid Samples ULD DST Liquid Samples
M ) 5 2A2E+04 | 274 E+09 26 L48E+02 | 535 E+04
M2 15 | 241E+04 | 274E+09 | 27 141 E+02 | 5.19 E+04
M3 I5 | 241 E+04 | 274E+09 | 27 1.35 E+02 s__l_i'ﬁoz{
. DCF for Offsite Receptor from ICRP-?l"
ULD SST Solid Samples : 'ULD SST Liquid Samples
MI 54 S.19E+03 | 2.08 E+08 23 203E+02 | 1.92 E+05
M2 57 480E+03 | 1.84 E+08 26 L99E+02 | 1.4 E+05
M3 57 C477E+03 | 1.84 E+08 26 135 E402 | 1.08% E+05
| ULD DST Solid Samples - - " ULD DST Liquid Samples
Ml 5 333 E+04 | 4.82 E+09 26 157 E+02 | 9.82E+04
M2 15 332 E+04 | 4.82 E+09 27 149 E02 | 94BE+04
M3 RE C331EH4 | 483 E+09 27 | 139 F402 | 948 E+04

I(,RP (18 1994, D:‘J\( ( ‘vefficie nnjru Inm!\c 5 nf Radrmm( lide. & by Wnrl\uvacp!a(cmc nt (),f TCRP
Publication 61, Annals of the International Commission on Radiation Protection, Volame 24, Number 4, Llsevier
Science, Tarrytown, New York, New York,
PICRP-71, 1995, Age Dependent Doses to Members of the Public from Intake of Rudionuclides Part 4
Inhalation Dose Coefficients, Annaks of the International Commission on Radiation Protection, Volume 25,
Number 3-4, Elsevier Science, Tarrytown, New York, New York.

DCF = dosc conversion factor.
DST = double shell 1ank.

M1 = observations below the detection limits were omitied.
M2 = observations below the detection limits were replaced by the detection limit,
M3 = observations below the detection limits were replaced by zero.
SST = single shell tank.
ULD = unit liter dose.
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For individual tank ULDs or ULDs for groups of tanks, corroborating information
can be used to help establish that ULDs are representative of the tank or group of
tanks. An example would be to use information on specific heat for each tank in the
group. The decay heat is due in large part to '*’Cs and to a lesser degree to *°Sr. The
"¥7Cs and *°Sr are also major components of the inhalation and direct radiation doses.
If a correlation between the specific heat and the sample results for "’Cs and *°Sr
can be developed, then it may be possible to develop or use a ULD for a tank or
group of tanks.

Some accident scenarios are dominated by one type of dose. The reanalysis of the
waste leak accidents shows that shine from the surface pool of waste is the major
dose contributor for the onsite worker. Use of '*’Cs data developed from a
correlation such as that described above could be useful in developing a ULD.

Sample data for supernatant, especially in DSTs, is in many cases representative of
the bulk supernatant in the tank from which it is taken. If sample data for all three
radionuclides are available for the supernatant, a ULD calculated using that data is
probably representative for the tank from which the samples are taken. This is a
generalization and requires that the safety analyst examine the tanks and accident
scenario to determine whether this generalization is appropriate. This generalization
does not apply to interstitial liquids or small puddles of liquid on a waste surface.

Tank histories also may be useful. Many tanks do not contain much waste or have

not received new waste in many years. If specific tanks or groups of tanks are being
evaluated, tank histortes should be examined.
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5.0 ATMOSPHERIC DISPERSION COEFFICIENTS

5.1 DISCUSSION OF TERMS AND RESULTS

This section contains the atmospheric dispersion coefficients generated for the FSAR
accident scenarios (HNF-SD-WM-SAR-067). Section 5.1.1 defines the atmospheric
dispersion factor and discusses its use. Sections 5.1.2 through 5.1.6 discuss the specific
values generated for atmospheric dispersion coefficients in this report, and Section 5.2
summarizes the selection of appropriate values for the scenarios of interest. Once the
appropriate atmospheric dispersion coefficients are selected, they can be used with the
equations provided in Section 6.2 and with the inventories generated in Section 3.0 to
evaluate accident consequences.

5.1.1 Atmospheric Dispersion Coefficient

The atmospheric dispersion coefficient is the normalized air concentration at the receptor.
It represents the dilution of an airborne contaminant by atmospheric mixing and
turbulence. It is the ratio of the average contaminant air concentration at the receptor to
the contaminant release rate at the release point. It is used to determine the dose
consequences for a receptor based on the quantity released (i.e., the source term),
atmospheric conditions, and the distance to the receptor of interest.

In this report, the onsite receptors are assumed to be located 100 m from the release point.
The offsite receptor is assumed to be located at the Site boundary. The Site boundary
values for the atmospheric dispersion coefficient are based on the minimum distance
from the nearest tank farm (or associated waste transfer lines) to the Hanford Site
boundary. Appendix A3.3 of DOE-STD-3009-94 states: “The determination of site
boundary distances should be made in accordance with the procedure outlined in

Position 1.2 of U.S. Nuclear Regulatory Commission (NRC) Regulatory Guide 1.145.”
Position 1.2 indicates that the site is to be divided into 16 sectors, each with an angle of
22.5°, to determine meteorological conditions, but a 45° sector should be considered in
computing the minimum distance to the site boundary. The 45° sector is centered on the
22.5° sector. The larger sector is used to account for any non-linearities in the wind
patterns that might cause the wind in one sector to reach the Site boundary in the
adjoining sector. A 45° sector was used to evaluate the offsite receptor distances. Since
the atmospheric dispersion coefficient for the onsite receptor is evaluated assuming a
100-m distance from the source in all sectors, the sector width does not affect the onsite
receptor calculation. The near bank of the Columbia River was used as the Site boundary
to the north and the east.

All values for atmospheric dispersion coefficients in this report were generated using the
GXQ computer program, which is documented in WHC-SD-GN-SWD-30002, GXQ
User’s Guide. The GXQ output files for all cases are included in Appendix A. The
output files identify the name of the joint frequency data files used by GXQ. The joint
frequency data used are 9-year averaged data (1983 to 1991) from the Hanford Site
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meteorology tower in the 200 Area. All GXQ atmospheric dispersion coefficients are
generated using the methods described in NRC Regulatory Guide 1.145, Atmospheric
Dispersion Models for Potential Accident Consequence Assessments at Nuclear Power
Plants. The NRC Regulatory Guide 1.145 indicates that the larger of the 99.5 percent
sector and 95 percent overall should be used. Appendix A of DOE-STD-3009-94
indicates the 95 percent overall factor should be used. The 95 percent overall value for
the atmospheric dispersion coefficient is used for this safety analysis to be consistent with
Appendix A of DOE-STD-3009-94.

Corrections may be appropriate for several mechanisms depending on the details of the
accident scenario. These mechanisms are plume meander, plume depletion,
momentum/buoyancy rise, and area source effects. Plume meander is discussed in
Section 5.1.4. The best way to include the other mechanisms is to calculate scenario-
specific atmospheric dispersion coefficients that employ the appropriate models. The
magnitude of the potential effects using these models is discussed in Section 5.1.6.

The GXQ program has been verified and benchmarked against the GENII computer code
(PNL-6584). The program is also verified to produce atmospheric dispersion coefficients
consistent with NRC Regulatory Guide 1.145 methodology. For more detailed
information on the models used in GXQ and their applicability, the reader should refer to
the GXQ documentation in WHC-SD-GN-SWD-30002 and its references.

5.1.2 Bounding Atmospheric Dispersion Coefficients

Since atmospheric conditions fluctuate, a bounding atmospheric condition is determined
to be that condition that causes a downwind concentration of airborne contaminants that
is exceeded only a small fraction of time due to weather fluctuations. NRC Regulatory
Guide 1.145 defines this fraction of exceedance as 0.5 percent for each sector or

5 percent for the overall site. The Hanford Site is broken up into 16 sectors, which
represent 16 compass directions (i.e., S, SSW, SW, ..., ESE, SE, SSE). Atmospheric
dispersion coefficients are generated for weather conditions that result in downwind
concentrations that are exceeded only 0.5 percent of the time in the maximum sector or
5 percent of the time for the overall site. These atmospheric dispersion coefficients are
also referred to as the 99.5 percent maximum sector and the 95 percent overall site
atmospheric dispersion coefficient values, respectively. The 95 percent overall value is
used to assess the dose consequences in the accident scenarios as specified in

Appendix A of DOE-STD-3009-94. The distances to the Site boundary are determined
based on a 45° sector, as discussed in Section 5.1.1. The distances to the Site boundary
are given in Table 5-1.

These atmospheric dispersion coefficients represent minimum dispersing conditions that
result in maximum downwind concentrations (i.e., concentrations exceeded only a very
small fraction of the time). These values will therefore result in very conservative
estimates of accident consequences. Tables 5-2 and 5-3 contain the bounding
atmospheric dispersion coefficients (X/Q' and X/Q) (95 percent overall) for the onsite
and offsite receptors.
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Table 5-1. Site Boundary Distances.

: Minimum Distance to the
Sector Site Boundary
' - with a 45 ¢ Sector (m)
S 13,360
SSW 15,360
SwW 13,200
WSW 11,100
W 11,100
WNW P 100
NW 10,800
NNW 8,690
N 8,690
NNE 8,970
NE 10,430
ENE 12,530
E 11,160
ESLE 15,190
SE 21,050
SSE 15,360

Table 5-2. Acute Centerline Dispersion Cocfticients for 200 Area Tank Farm
to Onsite Receptor at One Hundred Meters.

Meteorological XY Pl X/Q 'WIt-hd : Maxm)gzm .Puff
Condition (s/m) ume Mgan e o Q:t
(s/m’) - (Mm)
95 percent overall 328 E-02 9.40 E-03 8.88 E-03
Chronic annual 4.03 E-04 NA NA
average
50th percentile 5.33 E-03 227 E-03 9.48 E-04
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Table 5-3. Acute Centerline Dispersion Cocfticients for 200 Arca Tank Farm Release
to Ottsite Receptor in 45-Degree Sectors.

Meteorological X/Q' P]“)gSMvg;t: der Maximum Puff
Condition (s/m’) 3 X/Q (1/m)
(s/m’)
95 percent overall 2.22 E-05 [.74 E-05 5.06 E-08
Chronic annual 1.47 E-07 NA NA
average
50th percentile 4.48 E-06 3.83 E-06 1.04 E-08

5.1.3 Chronic Annual Average Meteorology

Chronic annual average X/Q' values are provided for routine, long-term release scenarios.
Chronic annual average X/Q' values are calculated for each sector, and the sector with the
highest chronic annual average X/Q' value is reported. It is a “sector-averaged™ value,
which assumes there is no horizontal cross wind variation in concentration within the
scctor. Chronice annual average X/Q' values are appropriate for long-term or routine
releases not normally associated with accident conditions. The values are included in this
report to allow credit for a reduction in the X/Q' value for long-duration releases in
accorduance with NRC Regulatory Guide 1.145.

NRC Regulatory Guide 1.145 recommends the use ol a logarithmic interpolation
procedure to determine the X/Q' for long-duration releases. The logarithmic interpolation
procedure requires chronic annual average X/Q' values, as described in the following
section on plume meander. Tables 5-2 and 5-3 also contain chronic annual average X/Q'
values for ground-level releascs.

5.1.4 Plume Meander

Plume meander is accounted for in GXQ using the empirical model given in NRC
Regulatory Guide 1.145. Credit for plume meander may be taken if the duration of the
release is | hour or greater. Column 3 of Tables 5-2 and 5-3 contains X/Q' values with
plume mcander for acute (non-routine) ground releiase scenarios.

The X/Q' values with plume meander may be used for release durations from 1 to

2 hours. For release durations greater than 2 hours, NRC Regulatory Guide 1.145
recommends that a logarithmic interpolation be used between the acute bounding X/Q)'
value with plume meander and the chronic annual average X/Q' value. For purposes of
interpolation, the acute bounding value with plume meander represents a 2-hour value,
and the chrontc annual average value represents an 8,760-hour (1-year) valuc.

Section 5.2.3 provides an example of the logarithmic interpolation procedure.
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5.1.5 Puff Release Atmospheric Dispersion Coefficient for Toxicological Releases

The peak concentration is of concern for releases of chemicals. For a continuous release,
the integrated X/Q' (s/m3) is used. There can be significant windward diffusion for
release durations that have a plume travel time that is long in comparison to the release
duration. Hence, the use of the integrated plume X/Q' values for deriving peak air
concentration can be overly conservative. For instantaneous or short duration releases,
the maximum puff X/Q (1/m®) can be used. (A release is essentially instantanecous when
its reléase duration is much less than the plume traveling time to the maximum onsite or
offsite individual). Most toxicological consequence analyses in the RPP FSAR assume a
60-second release for a short duration release rather than a puff release
(HNF-SD-WM-SAR-067). Modeling a release of less than 60 seconds as a 60-second
continuous release is allowed since a puff release produces a conservative instantaneous
concentration while the chemical effects are not instantaneous. Modeling a release of
less than 60 seconds as a 60-second continuous release produces lower concentrations
onsite than modeling it as a puff release, but the continuous release may produce higher
offsite concentrations. Since the puff release is used in some scenarios in the FSAR, both
the puff and continuous release data are furnished here for the analyst to use. Tables 5-2
and 5-3 contain maximum puff X/Q values for ground level releases for onsite and offsite
receptors, respectively.

5.1.6 Other Models

In addition to plume meander, other effects such as plume depletion, buoyancy effects,
and source size effects can be included in the atmospheric dispersion models. Values for
the atmospheric dispersion coefficients for these effects are not given because they need
to be calculated for scenario-specific parameters. The GXQ manual and its references
need to be consulted for application of the models. Estimates of the magnitudes of the
effects are given but these estimates should not be applied to FSAR analysis without
considering all scenario details. The models are briefly discussed below.

5.1.6.1 Plume Depletion. The plume concentrations will decrease as the plume moves
downwind and material falls out of the plume. The amount of fallout will depend on the
particle size distribution in the plume. Plume depletion in GXQ is calculated using the
Chamberlain model described in Meteorology and Atomic Energy (Slade 1968). An
important parameter in evaluating the magnitude of the effect is the deposition velocity,
which must be input to use the model. Deposition from a spray leak accident is
considered in HNF-SD-WM-CN-096, Refined Radiological and Toxicological
Consequences of Bounding Spray Accidents in Tank Farm Waste Transfer Pits.
HNF-SD-WM-CN-096 used the data from the contamination resulting from an actual
accidental pressurization of a line with an open nozzle and showed that the data
supported a deposition velocity of 0.15 cm/s. The effects of plume depletion on X/Q'
with a 0.15 cm/s deposition velocity are shown in Table 5-4 for an acute release. The
doses are directly proportional to the X/Q' so the fractional reduction in the X/Q'
corresponds to the same fractional reduction in the dose.
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Table 5-4. Effects of Plume Depletion.

| N Acute Acute X/Q' with Deposition
Receptor X/Q' with - X/Q' without - Divided by X/Q"
L | " Deposition (s/m*) | Deposition (s/m”) | - without Deposition -
Onsite 2.84 E-02 328 E-02 0.866
Offsite [.14 E-05 222 E-05 0514

The reduction is larger offsite since there is more time for transport to the offsite receptor
and hence more depletion. The magnitude of the effect depends on release duration and
therefore the plume depletion needs to be calculated for the specific accident scenarios.
Also, if plume depletion is considered, resuspension may become a tactor, although
resuspension is usually argued to be negligible unless the receptor is assumed to remain
downwind of the contaminated area for very long periods (i.c., years).

5.1.6.2 Momentum and Buoyancy Effects. Additional plume rise may occur if the
plume is released from the source with an initial momentum or if the initial temperature
of the plume is higher than the temperature of the surrounding air. This plume rise can
result in additional dispersion and reduced concentrations at the receptor. GXQ uses the
Briggs models (sce WHC-SD-GN-SWD-30002) to calculate momentum and buoyancy
cffects. The models may be used in GXQ tn two ways, with one being based on the
models used in the MACCS computer code, and the sccond based on the ISC-2 computer
code (see WHC-SD-GN-SWD-30002).

The problem with implementing these models for tank farms accident scenarios is that
burn rates, temperature, and tlows arc not well known. For instance, combustion
products from a {irc in a tank may be released through one or several risers at different
burn rates resulting in a wide range of flows and temperatures. The models, however, are
available for specific scenarios if parameters are known well enough to implement these
models.

5.1.6.3 Source Size. The Gaussian plume model used in the GXQ computer program
assumes a point source (WHC-SD-GN-SWD-30002). For some accident scenarios such
as pool leaks, the source may have significant dimensions compared to the distance to the
receptor. The finite source size will result m some additional dispersion at the source and
reduced concentrations at the receptor. The 95 percent overall X/Q' is shown in

Table 5-5 for different source diameters. The analysis assumes the receptor remains a
constant distance from the center of the source. The onsite X/Q' is about 40 percent of
the uncorrected X/Q' for a 30-m-diameter source. The effect offsite is not significant
since a 30-m source still 1s effectively a point source for a receptor 7 km or more away.
The doses are directly proportional to the X/Q' so the fraction reduction in X/Q'
corresponds to the same fraction reduction in dose.
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Table 5-5. Effects of Source Width on Receptor Dose.

. Acute X/Q' Onsite Acute X/Q' Offsi
Sourcgn\)h’ldth X/Q' Onsite m%r Zero X/Q' Offsite m?er Zerot )
(s/m%) Width X/Q' (s/m>) Width X/Q'
0 3.28 E-02 1.0 2.22 E-05 1.0
10 2.24 E-02 0.683 221 E-05 0.995
30 131 E-02 0.399 219E-05 | 0986

This correction needs to be applied with carc. For instance, the internal accident
phenomena in a waste tank may spread released material over the entire 75-ft diameter of
the tank, but if the actual release from the tank to the environment is predominantly
through a single riser, the release from the tank shouid be treated as a point source.

[ the radioactive acrosol concentration in the tank headspace is known, the concentration
could be used to back calculate a virtual source that would produce that concentration
when the plume dimensions approximate the headspace dimensions. The release
mechanisms will need to be considered carcfully to show that the model is appropriate
and conservative. The concentration must be released uniformly to the environment and
the concentration in the headspace must be known. This effect could be modeled using
GXQ for specific scenarios.

5.2 SELECTION OF APPROPRIATE ATMOSPHERIC DISPERSION
COFEFFICENTS

This section discusses the sclection of appropriate atmospheric dispersion coefficients
from Tables 5-2 and 5-3 for radioactive and toxic chemical releases based on the scenario
of interest. The guidelines outline the specilic atmospherte dispersion coefficient to be
used for most accident scenarios. As discussed in Scction 5.1.6, scenario-spectfic
calculations can be made invoking plume depletion, plume rise, or virtual source models
where appropriate.

53.2.1 Release Duration Less than One Hour

For accident scenarios with release durations less than 1 hour, the bounding (95 percent)
integrated X/Q' values (Column 2 of Tables 5-2 and 5-3) should be used to calculate
radiological dosc conscquences. The corresponding 50 percent integrated X/Q' values in
Tables 5-2 and 5-3 may be used for beyond design basis events. Comparison of

50 percent and 95 percent values can also give an estimate [or the degree of conscrvatism
in the analysis. Tables 5-2 and 5-3 apply to releases for the maximum onsite and offsite
receptors, respectively.,
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5.2.2 Release Duration from One to Two Hours

For accident scenarios with a release duration from 1 to 2 hours, the bounding
(95 percent) integrated X/Q' values with plume meander (Column 3 of Tables 5-2
and 5-3) should be used to calculate radiological dose consequences.

5.2.3 Release Duration Greater than Two Hours

For accident scenarios with release durations from 2 hours to 8,760 hours (1 year), NRC
Regulatory Guide 1.145 recommends that a logarithmic interpolation be used between the
X/Q' value with plume meander (Row 1, Column 3 of Tables 5-2 and 5-3) for ground and
the chronic annual average X/Q' value (Row 2, Column 2 of Tables 5-2 and 5-3).

For example, to determine the logarithmic interpolation for an onsite receptor with a
ground level release, use the plume meander adjusted X/Q' of 9.40 x 10™ s/m’

(Column 3, Row 1 of Table 5-2), and the chronic annual average X/Q' of 4.03 x 10 s/m*
(Column 2, Row 2 of Table 5-2). If there is an 8-hour ground level release, the X/’

{8 hours) is calculated as follows:

Log(9.40 % 107y~ Log(X/Q'8 hour) Log{(2 hour)— Log(8 hour)

Log(9.40 x107%) ~ Log(4.03x107*) ~ Log(2 hour)— Log(8,760 hour)

From this equation, the X/Q' (8 hours) is 5.58 x 107 s/m’.

5.2.4 Puff Releases

A puff release model can be used for toxic releases. A continuous release model should
be used onsite with a minimum release time of 60 seconds as this model will produce
lower results while still being conservative. The puff release model will produce lower
results offsite for release durations of less than 439 seconds.
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6.0 RADIOLOGICAL DOSE CALCULATIONS

6.1 RADIOLOGICAL EXPOSURE PATHWAYS

Two potential radiological exposure pathways are associated with accidental releases of
radioactive materials: the internal and external exposure pathways. The total radioactive dose
received by an individual is equal to the sum of the dose contributions from the internal and
external exposure pathways.

The major internal exposure pathway for tank farm accidents is the inhalation pathway.
Exposure through the inhalation pathway occurs when an accident results in a release of airborne
radioactive materials that are transported downwind and inhaled, or when radicactive materials
that have been deposited on the ground during plume passage become resuspended and
subsequently inhaled. The dose contribution from the inhalation of resuspended materials is
orders of magnitude less than that from the inhalation of airborne radioactive materials during
plume passage, as evidenced in calculations performed using the GENII computer code
(PNL-6584).

The other internal exposure pathway is the ingestion pathway. Exposure through the ingestion
pathway occurs when radioactive materials that have been deposited offsite are ingested, either
by eating crops grown in, or animals raised on, contaminated soil or through drinking
contaminated water. Potential doses from the ingestion pathway are not included in the
comparison to risk guidelines because there are DOE, state, and federal programs in place to
prevent ingestion of contaminated food in the event of an accident. The primary determinant of
exposure from the ingestion pathway is the effectiveness of public health measures

(1.e., interdiction) rather than the severity of the accident itself. The ingestion pathway, if it
occurs, is a slow-to-develop pathway and is not considered an immediate threat to an exposed
population in the same sense as airborne plume exposures. A method of including doses from
ingestion of leafy vegetables and fruits during the first 24 hours following the accident was
developed for the calculations in WHC-SD-WM-SARR-016. This method is described in
Appendix B. As mentioned in Chapter 2.0 of this report, the ingestion doses are calculated using
GENII (PNL-6584). The current version of GENII uses the DCFs from ICRP-26. The code is
being revised to use the newer DCFs from ICRP-68, ICRP-71, and ICRP-72 but is not ready for
use. Therefore an adjustment of 1.1 is applied to the offsite dose calculation to envelop the
ingestion effects for the calculations in this report.

The external exposure pathways include submersion, ground shine, and direct exposure from a
concentrated radioactive source, such as a pool of liquid formed when radioactive material is
spilled onto the ground. Submersion refers to the external dose received by a person located in
the airborne radioactive plume during plume passage. Ground shine refers to the external dose
recetved by a person standing on ground contaminated by radioactive materials deposited during
passage of the airborne radioactive plume.

The inhalation and subrnersion doses are a function of the quantity of radioactive contaminants
present at the receptor. The inhalation dose is calculated using the fraction of the total airborne
release that contains particle sizes that are respirable. This is generally considered to be particles

6-1




RPP-5924 REV 0

that are 10 pm or smaller. The submersion dose, however, is calculated using the total airborne
release quantity (i.e., considering all particle sizes). Large particles will tend to fall out of the
plume and only a small fraction will reach the receptor. The total airborne release quantity is
usually calculated using airborne release fractions (ARFs) from sources such as
DOE-HDBK-3010-94,

The AREF is the fraction of the total material at risk (MAR) that becomes airborne as a result of
some kind of stress (e.g., thermal or explosive) applied to the material during a postulated
accident scenario. The total airborne release quantity is equal to the MAR X ARF and includes
all particle sizes. The respirable airborne release quantity is calculated by multiplying the total
airborne release quantity (MAR X ARF) times the respirable fraction (RF) associated with the
stress applied to the material during the accident scenario. The RF is the fraction of the airborne
materials that can be transported through air and inhaled into the human respiratory system
{commonly assumed to be particles 10 um or smaller). So, the quantity of respirable material
released equals the MAR X ARF x RF.

For many accident scenarios, the RF is 1, which means the total airborne release quantity is
assumed to be equal to the respirable airborne release quantity. Once again, this depends on the
type of stress applied to the MAR during the accident scenario. For the radionuclide mixes of
interest in the tank waste (QOSr, 7¢s, Pu, *'Am [i.e., there are no short-lived noble gases or
iodines]), the submersion doses are 3 to 4 orders of magnitude lower than the inhalation doses.
The RF would have to be approximately 0.001 to 0.0001 for the submersion doses to be
significant compared to the inhalation doses for the radionuclide mixes of interest in the tank
waste. Since the RFs for all of the accidents of concern are on the order of 0.1 to 1, the
submersion doses will always be at least 2 to 3 orders of magnitude less than the inhalation doses
and can therefore be neglected.

As with the ingestion pathway, the primary determinant of exposure from the ground shine
pathway is the effectiveness of public health measures (i.e., interdiction) rather than the severity
of the accident itself. The ground shine pathway, if it occurs, is a slow-to-develop pathway and
is not considered an immediate threat to an exposed population in the same sense as airborne
plume exposures. Therefore, the ground shine pathway is not included in the calculation of the
radiological dose for comparison against the risk evaluation guidelines.

The dose contribution from the direct exposure pathway is negligible compared to that from the
inhalation pathway for all of the tank farms accident scenarios except the scenarios involving a
waste transfer line break. Waste transfer line breaks result in a spill of radioactive material that
forms a pool of liquid and results in a direct radiation dose from the surface of the pool. For
scenarios involving formation of a pool of radioactive liquid, the direct dose contribution to the
total onsite dose is significant and is therefore included in the calculation of the total onsite
radiological dose used to compare against the risk evaluation guidelines.

In summary, the radiological dose calculations addressed in this report include only the
inhalation pathway for all accident scenarios except those resulting in a pool of radioactive
materials. For liquid pool scenarios, the direct dose from the surface of the pool is also included
in the dose calculations. Section 6.2 discusses the inhalation radiological dose calculation
methods. Corrections to remove RFs for ingestion and submersion contributions are not
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necessary because the submersion dose is negligible and only a small fraction of the larger-than-
respirable particles will reach the offsite receptor and contribute to the ingestion dose.

The radioactive source terms for tank farm accidents consist only of particulates in liquid and
solid forms. Because of physical conditions in the tank farm waste (e.g., temperatures, pressures,
volatility), compounds (e.g., nitrates, hydroxides, salts} formed by radionuclides in tank farm
waste do not exist in the gaseous form.

6.2 RADIOLOGICAL DOSE CALCULATION METHODS

The ULD values provided in Chapter 4.0 can be used along with the appropriate atmospheric
dispersion coefficients in Section 5.0 to determine the radiological dose to either a maximum
individual or a population. This is done using the following equation.

D=0Q(L) g (s/m®) R (m’/s) ULD (Sv/L)

where
= committed effective dose equivalent to receptor
= liters of respirable tank waste released
X/Q' = integrated atmospheric dispersion coefficient (from Tables 5-2 and 5-3)
R = breathing rate (3.33 X 10 m’s typical acute breathing rate [light activity] or
2.57 % 10* m’s typical chronic breathing rate [24-hour average])
ULD = committed effective dose equivalent per liter inhaled.

The typical acute breathing rate (3.33 % 10™* m?s) is used to calculate the onsite receptor dose for
all release durations up to 24 hours. The chronic breathing rate (2.57 x 10™* m%/s) is used for
offsite receptor dose calculations for release durations greater than 24 hours.

Calculations for events such as an unfiltered release caused by a HEPA filter rupture may expose
the receptors to an inhalation dose for up to | year. The occupancy factor is a correction for the
fact that the onsite receptor is onsite for only about 40 hours per week. Exposures of more than
24 hours should be calculated in the following manner.

e  The light activity breathing rate (3.33 x 10 m?/s) should be used to calculate the
onsite inhalation dose, even for long-term exposures. The chronic breathing rate
assumes that the receptor is sleeping for 8 hours a day, which is not the case when
the onsite receptor is at work.

e For releases of greater than 24-hours duration, the amount of material used for the

dose calculation is determined by multiplying the total amount of material
released by the occupancy factor. The occupancy factor is calculated by dividing
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the hours spent at work in a year by the total number of hours per year. Assuming

2,000 hours worked per year, this ratio would be
2,000 = 8,760 =0.228 .

e  Offsite exposure calculations should assume an occupancy factor of 1 but should

use the chronic breathing rate (2.57 x 10™* m%/s) for releases with a duration
greater than or equal to 24 hours.

Emergency response procedures will prevent large quantities of contaminated food from being
ingested. However, 1t is expected that a finite time will be required for these procedures to be
implemented. A method for including the dose from ingestion of fruits and leafy vegetables,
ground shine, and resuspension has been developed that uses ULDs for ingestion as well as
inhalation. Ingestion, resuspension, and ground shine are included as follows.

Dose(total) = Dose(inhalation) + Dose(ingestion)

I

Q x X/Q' x [{ULD(inhalation) X BR} + ULD(ingestion)] .

Note that the ingestion ULD is used in the same way as the inhalation ULD in the dose
calculation except that it is not multiplied by the breathing rate. The "ingestion ULD" includes
ground shine and resuspension. Ingestion doses should be included only for the offsite receptor
since food is not grown onsite and the resuspension and ground contributions are small. The
ingestion ULD contribution was calculated to be 0.3 to 7 percent of the inhalation dose. The
transuranics that dominate the inhalation dose ULDs contribute only small fractions to the
ingestion doses. The tanks with relatively large inhalation doses will have relatively small
ingestion dose fractions.

Rather than attempting to evaluate the ingestion doses on a case-by-case basis, the offsite doses
will be increased by 10 percent (i.e., multiplied by 1.1). The development of the ULDs is
described in Appendix B. The total of the inhalation plus ingestion dose is bounded by

ULDtotal = 1.1 ULDinhaIation, offsite

ULDs for offsite calculations are given in Table 4-2 and include the 1.1 correction factor for
ingestion.
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7.0 DOSE RATE CALCULATION FOR HIGH-EFFICIENCY
PARTICULATE AIR FILTERS

Accident scenarios in the RPP FSAR (HNF-SD-WM-SAR-067) include failure of HEPA filters
from overpressurization or high temperature (HNF-SD-WM-SAR-067, Section 3.3.2.4.2). A
portion of the waste on the filter is assumed to be released when the filter fails. The amount of
material released is determined using a different model in this document than was used in
WHC-SD-WM-SARR-016. The filter release is determined using the following steps.

1. A calculation of the contact gamma dose rate at a specific measuring point is made for a
unit quantity of material (normally 1 Ci) of '*’Cs and its "*"™Ba daughter using a
computer code such as MICROSHIELD (1992). An activity of 1 Ci of *’Cs implies
0.946 Ci of *"™Ba since these two isotopes exist in equilibrium.

2. The filter is changed before the contact dose rate reaches 200 mrem/h. The maximum
B7Cs activity on the filter is determined by dividing 200 mrem/h by the dose rate
determined in step 1.

3. The volume (liters) of waste on the filter is determined by dividing the activity
determined in step 2 by the activity per liter for '*’Cs. The number of liters of waste on
the filter is calculated using a 95th percentile '*’Cs concentration in the waste. The ULDs
used in the safety analysis inhalation dose calculations are based on a 95th percentile
tank-by-tank calculation of ULDs. Since the ULDs are based on the 95th percentile of
the tank-by-tank ULDs, there is not a one-to-one correspondence between the
95th percentile ULD and the 95th percentile '*’Cs concentration. However, this method
is a good approximation and can be used to obtain an estimate of the amount of material
on the filter.

4. Once the number of liters of material on the filter is estimated, the release to the
atmosphere can be estimated using the RFs for the appropriate scenario.

The gamma dose rate at the measuring point will be from contributions of other isotopes such as
%Co and '**Eu as well as bremsstrahlung from beta-emitting isotopes. The contribution will be

relatively small, and because the dose rate is used to back calculate the quantity of material, it is
conservative to assume that all the gamma ray activity is *'Cs.

It should also be noted that this calculation assumes the filters are uniformly loaded. The dose
tate is sensitive to the distribution of radionuclides on the filter. The assumption that the
distribution is uniform introduces some uncertainties but is considered acceptable as a method
designed to obtain an estimate of the activities on the filters.

The 95th percentile '*’Cs concentrations are shown in Table 7-1.

7-1




RPP-5924 REV 0

Table 7-1. Ninety-Fifth and Ninety-Ninth Percentile Points from the Lognormal
Distribution for Cesium-137.

Type of Sample Number of | 95th Percen.tile 99th Percentile
o Tanks (Bg/L) (Bg/L)
Single-shell tank solid 58 9.86 E+10 478 E+11
Single-shell tank liquid 28 388 E+11 2.61 E+I12
Double-shell tank solid 15 3.85E+10 6.42 E+10
Double-shell tank liquid 27 6.66 E+10 2.06 E+11

The percentile points in Table 7-1 were computed based on "'Cs sumple data obtained from the
TCD (PNNL 1999). All of the ey sample data was obtained from the TCD (PNNL 1999). All
observations below the detection limits were deleted. The data were divided into four sets by
type of tank (SST and DST) and type ol waste (liquid and solid). The final number of tanks with
data 1s noted 1 Table 7-1.

For cach tank, the mecan '"YICs concentration (UCi/g or uCi/L) was computed. These means are
listed in Appendix A of HNF-4534 (sce Appendix C of this document). The concentration units
(LCi/g or uCi/L) were converted to Bg/L using 3.70 x 10° Bg/uCi and 1.60 x 10" g/L.

The computer program S-PLUS (S§-PLUS 2000) was used to fit a lognormal distribution to the
tank means. The quantiles corresponding to the 95th and 99th percentile points of the lognormal
distribution arc given in Table 7-1. The quantiles are the 'Yy concentrations (Bg/L) such that
95 or 99 percent of the “population” 1s to the left of the reported values.  The units for the
quantiles are bequerels per liter. A more complete description of how the lognormal distribution
was fit to the data is contained in HNF-4534 (see Appendix C of this document).
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APPENDIX A

GXQ COMPUTER CALCULATIONS
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Files
TWRS45R2.IN
TWRS45R2.0UT
TWRS45R3.0UT
TWRS45R4.0UT
TWRS45R5.0UT
TWRS45R6.0UT
TWRS45R7.0UT
TWRS45R8.0UT
TWRS45R9.0UT
TWRS45R10.0UT

TWRS4511.0UT

RPP-5924 REV 0

APPENDIX A
GXQ COMPUTER CALCULATIONS

input file for 95% overall, assuming 45° sectors

Qutput file for 95% overall, assuming 45° sectors

Output file for 95% overall, assuming 45° sectors with plume meander
Output file for 95% overall, assuming 45° sectors, puff release

Output file for annual average, assuming 45° sectors

Output file for 50% meteorology, assuming 45° sectors

Output file for 50% meteorology, assuming 45° sectors, plume meander
Output file for 50% meteorology, assuming 45° sectors, puff release
Output file for 95% overall, assuming 45° sectors, deposition, 0.15 cim/s
Output file for 95% overall, assuming 45° sectors, 10 m wide source

Output file for 95% overall, assuming 45° sectors, 30 m wide source
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TWRS FSAR 95% overall river bd no BW/No PM, 45 degree sectors
¢ GXQ Version 4.0 Input File

C

000000

oaoaoaononooaonaonannao

na

a0

nononoonononaoaonodonNnocanoennn

mode
1

MODE CHOICE:
mode = 1 then X/Q based on Hanford site specific meteorology

mode
mode

2 then X/Q based on atmospheric stability class and wind speed
3 then X/Q plot file is created

LOGICAL CHOICES:
ifox inorm icdf ichk isite ipop

t £
ifox

H

inorm

icdf

1l
ht et Hhoor Hhoit Fy T T

ichk

isite

i

ipop

then
then
then
then
then
then
then
then
then
then
then
then

f t f
joint frequency used to compute fregquency to exceed X/Q
joint frequency used to compute annual average X/Q
joint frequency data is normalized (as in GENII)
joint freguency data is un-normalized '
cumilative distribution file created (CDF.OUT)
no cumulative distribution file created
X/Q parameter print option turned on
no parameter print
X/Q based on joint frequency data for all 16 sectors
X/Q based on joint fregquency data of individual sectors
X/Q is population weighted
no peopulation weighting

X/Q AND WIND SPEED ADJUSTMENT MODELS:
ipuff idep

0 0

isrc iwind

0

DIFFUSION COEFFICIENT ADJUSTMENT MCDELS:
iwake ipm

0 o

iflow ientr

0

EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:
{irise igrnd)iwash igrav

Q 0
ipuff

I

idep
isrc

i

I
ORPRNRPRPUNRPNRERENREEOR

iwind
iwake =

ipm =
iflow =
ientr =
irise =
igrnd =

iwash =
igrav =

PARAMETER

then
then
then
then
then
then
then
then
then
then
then
then
then
then
then
then
then
then

0
X/Q calculated using puff model
X/Q calculated using default continuous plume model
plume depletion model turned on {Chamberlain model)
X/Q multiplied by scalar
X/Q adjusted by wind speed function
wind speed corrected for plume height
NRC RG 1.145 building wake model turned on
MACCS virtual distance building wake model turned on
NRC RG 1.145 plume meander model turned on
5th Power Law plume meander model turned on
sector average model turned on
gsigmas adjusted for volume flow rate
method of Pasquill used to account for entrainment
MACCS buoyvant plume rise model turned on
ISC2 mementum/bucyancy plume rise model turned on
Mills buoyant plume rise modification for ground effects
stack downwash model turned on
gravitational settling model turned on

unless specified otherwise, 0 turns model off

INPUT:

reference frequency
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release anemometer mixing to

height height - height exceed

hs (m}) ha (m} hm (m} Cx (%)

0 10 1000 5.0

initial initial gravitational

plume . plume release deposition settling

width height duration velocity velocity

Wh (m) Hb (m) trd(hr) vd{m/s) vg(m/s)

0 0 0 0.001 0.001
initial initial convective

ambient plume plume release heat release

temperature temperature flow rate diameter rate(l)

Tamb (C) TO{C) V0 {m3/s) d{m) gh {w)

20 22 1 1 0

(1) If zero then buoyant flux based on plume/ambient temperature difference.

X/0 Wind
scaling Speed
factor Exponent
c{?) a(?)
1.00 .78
RECEPTOR DEPENDENT DATA (no line limit}
FOR MODE make RECEPTOR DEPENDENT DATA
1l (site specific) sector distance receptor-height
2 (by class & wind speed) class windspeed distance offset receptor-height
3 (create plot file) class windspeed xmax imax ymax jmax xgmin power

RECEPTOR PARAMETER DESCRIPTION

sector = 0, 1, 2... (all, S, SS8SW, etc.)

distance = receptor distance (m)

receptor height = height of receptor (m}

class =1, 2, 3, 4, 5, 6, 7 (P-G stability c¢lass A, B, C, D, E, F, G}
windspeed = anemometer wind speed (m/s)

offset = offset from plume centerline (m)

xmax = maximum distance to plot or calculate to (m)
imax = distance intervals

ymax = maximum offset to plot (m)

jmax = offset intervals

xgmin = minimum scaled X/Q to calculate

power = exponent in power function step size
100 0

15360
15360
13200
11100
11100
11100
108C0
8690

OO 000000
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10
11
12
13
14
15
16

8690

8970
10430
10530
11160
151980
2105C
15360

OO0 00 0C o0
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t Input File Name: twrs45r2.IN

GXQ Version 4.0
December 19, 1994

General Purpose Atmospheric Dispersion Code
Produced by Westinghouse Hanford Company

Users Guide documented in WHC-SD-GN-SWD-30002 Rewv. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Westinghouge Hanford Company
P.O. Box 1970

Richland, WA 99352

(509) 376-2921

Run Date = 03/22/00
Run Time = 11:25:17.71
INPUT ECHO:

TWRS FSAR 95% overall river bd no BW/No PM, 45 degree sectors
¢ GXQ Version 4.0 Input File

C

noaoanonoaoonao

ooooo0oao0nNnonaaonoaan

nn

mode
1

MODE CHOICE:

mode =
mode =
mode =

LOGICAL
ifox
T

ifox =

inorm =

icdf =

ichk =

i

isite

L T o T o W Y o B L

ipop

X/Q AND
ipuff
0

1 then X/Q based on Hanford site specific metecrology
2 then X/Q based on atmospheric stability class and wind speed
3 then X/Q plot file is created

CHOICES:
inorm icdf ichk isite ipop
F F T F
then joint frequency used to compute frequency to exceed X/0Q
then joint frequency used to compute annual average X/Q
then joint frequency data is normalized (as in GENII}
then joint frequency data is un-normalized
then cumulative distribution file created (CDF.CUT)
then no cumulative distribution file created
then X/Q parameter print option turned on
then no parameter print
then X/Q based on joint frequency data for all 16 sectors
then X/Q based on joint frequency data of individual sectors
then X/Q is population weighted
then no population weighting

WIND SPEED ADJUSTMENT MODELS:
idep isrc iwind
0 0 0

DIFFUSION COEFFICIENT ADJUSTMENT MODELS:

iwake

ipm iflow ientr
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0 0

EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:
(irise igrnd)iwash igrav

0 0

X/0 calculated using puff model

X/Q calculated using default continuous plume model
plume depletion model turned on (Chamberlain model)
X/0Q multiplied by scalar

X/Q adjusted by wind speed function

wind speed corrected for plume height

NRC RG 1.145 building wake model turned on

MACCS virtual distance building wake model turned on
NRC RG 1.145 plume meander model turned on

5th Power Law plume meander model turned on

sector average model turned on

sigmas adjusted for volume flow rate

method ¢f Pasquill used to account for entrainment
MACCS buoyant plume rise model turned on

ISC2 momentum/buoyancy plume rise model turned on
Mills buoyant plume rise modification for ground effects

c
<

0 0]
c ipuff = 1 then
c = 0 then
c idep = 1 then
c isrc = 1 then
c = 2 then
¢ iwind = 1 then
c iwake = 1 then
c = 2 then
c ipm = 1 then
c = 2 then
c = 3 then
¢ iflow = 1 then
¢ ientr = 1 then
¢ irise = 1 then
c = 2 then
¢ igrnd = 1 then
¢ iwash = 1 then
¢ igrav = 1 then
c = 0 unle
C
¢ PARAMETER INPU
<
c release
c height
C hs (m)
c

A0 0nn

anaoanonan

T O000000n

C

stack downwash model turned on
gravitational settling model turned on
gg specified otherwise, 0 turns model off
T:
reference frequency
anemometexr mixing to
height height exceed
ha (m) hm (m} Cx (%)

0.00000E+0Q0

1.00000E+01

1.00000E+03

5.00000E+00

initial initial gravitational

plume plume release deposition settling

width height duration velocity velocity

Wh (m) Hb (m} trd(hr) vd{m/s) vg(m/s)

0.00000E+0Q0 0.00000E+0Q0 0.00000E+00 1.00000E-03 1.00000E-03
initial initial convective

ambient plume plume release heat release

temperature temperature flow rate diameter rate(l)

Tamb (C) TO(C) V0 (m3/s} d(m) agh{w)

2.00000E+01

(1) If zero then

X/0
scaling
factor
c(?)

2.20000E+01

1.00000E+C0O

1.00000E+00C

0.00C00E+00

buocyant flux based on plume/ambient temperature difference.

Wind
Speed
Exponent
a(?)

1.00000E+00

7.80000E-01

¢ RECEPTOR DEPENDENT DATA (no line limit)
RECEPTOR DEPENDENT DATA

¢ FOR MODE

make
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1 {site specific) sector distance receptor-height

RECEPTOR PARAMETER DESCRIPTION

sector = 0, 1, 2... (all, &, S8W, etc.)
distance = receptor distance (m)
receptor height = height of receptor {(m)

windspeed = anemometer wind speed (m/s)

offset = offset from plume centerline (m)

xmax = maximum distance to plot or calculate to (m}
imax distance intervals

ymax = maximum offset to plot (m})

Jjmax cffset intervals

xgmin = minimum scaled X/Q to calculate

power = exponent in power function step size

i

noonooaoacono0onao0naa0

MODE :
Site specific X/Q calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.

No normalization of joint frequency.
X/Q calculated for overall site.

MODELS SELECTED:
Default Gaussian plume model selected.

WARNING/ERROR MESSAGES:
JOINT FREQUENCY DATA:

200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 XR

TWRS FSAR 95% overall river bd no BW/No PM, 45 degree sectors

class =1, 2, 3, 4, 5, 6, 7 (P-G stability class A, B, C, D, E, F, G)

2 (by c¢lass & wind speed) class windspeed distance offset receptor-height
3 {create plot file) class windspeed xmax imax ymax jmax Xgmin power

TOTAL AVERAGE
POPULATION INDIVIDUAL
RECEPT SECT. SCALED SCALED ATM. WIND
DISTANCE HEIGHT FREQ. X/Q X/Q STAB. SPEED
SECTCR (m} {m} (%) POPULATION {(s/m3) {(s/m3) CLASS (m/s)
ALL 100 0 99.%4 1 3.28E-02 3.28E-02 F 0.89
ALL 15360 0 99.94 1 2.22E-05 2.22E-05 F 0.89%
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Current Input File Name: twrsd45r3.IN

GXQ Version 4.0
December 19, 1994

General Purpose Atmospheric Disgpersion Code
Produced by Westinghouse Hanford Company

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Westinghouse Hanford Company

P.O. Box 1970

Richland, WA 99352

(509) 376-2921

03/22/00
11:29:25.04

Run Date
Run Time

INPUT ECHO:
TWRS FSAR 95% overall river bd Plume Meander, 45 degree sectors
c GXQ Version 4.0 Input File

c mode
1
c
c MCDE CHOICE:
c mode = 1 then X/Q based on Hanford site specific meteorology
c mode = 2 then X/Q based on atmospheric stability class and wind speed
¢ mode = 3 then X/Q plot file is created
c
¢ LOGICAL CHOICES:
c ifox inorm icdf ichk isite ipop

T F F F T F
¢ ifox = t then jeint frequency used to compute frequency to exceed X/Q
c = f then joint frequency used to compute annual average X/Q
¢ inorm = t then joint frequency data is normalized (as in GENII)
c = f then joint frequency data is un-normalized
¢ iedf = t then cumulative distribution file created (CDF.OUT)
c = f then no cumulative distribution file created
¢ ichk = t then X/Q parameter print option turned on
C = £ then no parameter print
c isite = t then X/Q based on joint frequency data for all 16 sectors
c f then X/Q based on joint frequency data of individual sectors
c ipop = t then X/Q is population weighted
c = f then no population weighting
c
¢ X/Q AND WIND SPEED ADJUSTMENT MODELS:
c ipuff idep isrc iwind
0 0 0 0
¢ DIFFUSION COEFFICIENT ADJUSTMENT MODELS:
¢ iwake ipm iflow ientr
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0 0

¢ EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:

9]

(irise igrnd)iwash igrawv

0 0 0 0
¢ ipuff = 1 then X/0Q calculated using puff model
c = 0 then X/Q calculated using default continuous plume model
¢ idep = 1 then plume depletion mocdel turned con (Chamberlain model)
¢ isrc = 1 then X/Q multiplied by scalar
c = 2 then X/Q adjusted by wind speed function
¢ iwind = 1 then wind speed corrected for plume height
¢ iwake = 1 then NRC RG 1.145 building wake model turned on
c = 2 then MACCS virtual distance building wake model turned on
c ipm = 1 then NRC RG 1.145 plume meander model turned on
c = 2 then 5th Power Law plume meander model turned on
C = 3 then sector average model turned on
¢ iflow = 1 then sigmas adjusted for volume flow rate
¢ ientr = 1 then method of Pasquill used to account for entrainment
¢ irise = 1 then MACCS buoyant plume rise model turned on
c 2 then ISC2 momentum/buoyancy plume rise model turned on
c igrnd = 1 then Mills buoyant plume rise modificaticn for ground effects
¢ iwash = 1 then stack downwash model turned on
c igrav = 1 then gravitational settling model turned on
c = 0 unless specified otherwise, 0 turns model off
C
¢ PARAMETER INPUT:
C reference frequency
c release anemometer mixing to
c height height height exceed
c hs (m) ha (m) hm({m) Cx(%)
c

nnoaoaonao naoaoaoononn

coaonNnoOao0an

C

(1)

0.00000E+0Q0

1.0000CE+01

1.00000E+0D3

5.00000E+00

initial initial gravitational

plume plume release deposition settling

width height duration velocity velocity

Wh (m) Hb{m) trd{hr) vd(m/s} vg(m/s)

0.C00C0E+00 0.00C00E+0Q0 0.00000E+CQ 1.00000E-03 1.00000E-03
initial initial convective

ambient plume plume release heat release

temperature temperature flow rate diameter rate(l)

Tamb (C) 70 (C) vO{m3/s) d(m) gh (w)

2.00000E+01

2.20000E+01

1.00000E+00

1.000C0E+00

0.00000E+00

If zero then buoyant flux based on plume/ambient temperature difference.
X/Q Wind
scaling Speed
factor Exponent
c{?) a(?)

1.0000CE+QO

7.80000E-01

¢ RECEPTOR DEPENDENT DATA (noc line limit)
RECEPTOR DEPENDENT DATA

¢ FOR MODE
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1 (site specific) sector distance receptor-height
2 (by class & wind speed) class windspeed distance offset receptor-height
3 (create plot file) class windspeed xmax imax ymax jmax xgmin power

RECEPTOR PARAMETER DESCRIPTION

sector = 0, 1, 2... {(all, &, 55W, etc.}

distance = receptor distance {(m)

receptor height = height of receptor (m)

class =1, 2, 3, 4, 5, 6, 7 (P-G stability class A, B, C, D, E, F, G}
windspeed = anemometer wind speed (m/s)

offset = offset from plume centerline {m)

xmax = maximum distance to plot or calculate to (m}
imax distance intervals

ymax maximum offset to plot {m)

jmax = offset intervals

Xgmin = minimum scaled X/Q to calculate

power = exponent in power function step size

#

MODE :
Site specific X/Q calculated.

LOGICAL CHOICES:

Joint freguency used to calculate X/0Q based on frequency of exceedance.
No normalization of joint frecquency.

X/Q calculated for overall site.

MODELS SELECTED:
NRC RG 1.145 plume meander model selected.
Default Gaussian plume model selected.

WARNING/ERROR MESSAGES:

JOINT FREQUENCY DATA:
200 AREA (HMS) - 10 M - Pasqguill A - G (1983 - 1991 Average)
Created 8/26/92 KR

TWRS FSAR 95% overall river bd Plume Meander, 45 degree sectors

TOTAL AVERAGE
POPULATION INDIVIDUAL
RECEPT SECT. SCALED SCALED ATM. WIND
DISTANCE HEIGHT FREQ. X/Q X/0 STAB. SPEED
SECTCR (m} {m) (%) POPULATICN (s/m3) (s/m3} CLASS (m/s)
ALL 160 0 99.54 1 9.40E-03 9.40E-03 F 0.89
ALL 15360 0 95.9%4 1 1.74E-05 1.74E-05 F 0.89
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Current Input File Name: twrs45r4.IN

GXQ Version 4.0
December 19, 1994

General Purpose Atmospheric Dispersion Code
Produced by Westinghouse Hanford Company

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Westinghouse Hanford Company

P.O. Box 1970

Richland, WA 99352

(509) 376-2921

Run Date = 03/22/00
Run Time = 11:30:33.54
INPUT ECHO:

TWRS FSAR 95% overall river bd Puff releasge, 45 degree sectors
c GXQ Version 4.0 Input File

c mode
1
c
¢ MODE CHOICE:
¢ mode = 1 then X/Q based on Hanford site specific meteorology
¢ mode = 2 then X/Q based on atmospheric stability class and wind speed
¢ mode = 3 then X/Q plot file is created
c
¢ LOGICAL CHOICES:
¢ ifox inorm icdf ichk isite ipop

T F F F T F
¢ ifox t then joint frequency used to compute frequency to exceed X/Q
c = f then joint frequency used tc compute annual average X/Q
¢ inorm = t then joint frequency data is normalized (as in GENII)
c = £ then joint fregquency data is un-normalized
¢ icdf = t then cumulative distribution file created {(CDF.OQUT)
c = f then no cumulative distribution file created
¢ ichk = t then X/Q parameter print option turned on
c f then no parameter print
c isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q based on joint frequency data of individual sectors
¢ ipop = t then X/Q is population weighted
c = f then no population weighting
c
¢ X/Q AND WIND SPEED ADJUSTMENT MODELS:
¢ ipuff idep isrc iwind
1 0 C 0
¢ DIFFUSION COEFFICIENT ADJUSTMENT MODELS:
c iwake ipm iflow ientr




RPP-5924 REV 0

0 0 0 0

¢ EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:
¢ ({irise igrnd)iwash igrav
0 0 0 0
¢ ipuff = 1 then X/Q calculated using puff model
c = 0 then X/Q calculated using default continuous plume model
c idep = 1 then plume depletion model turned on (Chamberlain model)
¢ isrc = 1 then X/0Q0 multiplied by scalar
¢ = 2 then X/Q adjusted by wind speed function
¢ iwind = 1 then wind speed corrected for plume height
c iwake = 1 then NRC RG 1.145 building wake model turned on
c 2 then MACCS virtual distance building wake model turned on
c ipm 1 then NRC RG 1.145 plume meander model turned on
c 2 then 5th Power Law plume meander model turned on
C = 3 then sector average model turned on
c iflow = 1 then sigmas adjusted for volume flow rate
c ientr = 1 then method of Pasquill used to account for entrainment
c irise = 1 then MACCS buoyant plume rise model turned on
c = 2 then ISC2 momentum/buoyancy plume rise model turned on
c igrnd = 1 then Mills buoyant plume rise modification for ground effects
c iwash = 1 then stack downwash model turned on
¢ igrav = 1 then gravitational settling model turned on
c = 0 unless specified otherwise, 0 turns model off
c
¢ PARAMETER INPUT:
c reference frequency
c release anemometer mixing to
c height height height exceed
c hs{m) ha (m) hm {(m) Cx (%)
[

c
c initial initial gravitational
c plume plume release deposition settling
c width height duration velocity velocity
c Wh {m) Hb (m} trd (hr} vd{m/s) vg(m/s)
c
0.00000E+00 0.00000E+00 0.00000E+0Q0 1.00000E-03 1.00000E-03
c
c initial initial convective
c ambient plume plume release heat release
c temperature temperature flow rate diameter rate(l)
o Tamb (C) TG{C) VO (m3/s) d{m} agh {w)
c
2.00000E+01 2.20000E+01 1.00000E+0D0 1.00000E+00 0.00000E+00
c
¢ (1) If zerxo then buoyant flux based on plume/ambient temperature difference.
c
c X/0Q wWind
c scaling Speed
c factor Exponent
c c(?) a(?}
c
1.00000E+00C 7.80000E-01
c

0.00000E+00

1.000C0E+01

1.00000E+03

5.00000E+00

¢ RECEPTOR DEPENDENT DATA {(nec line limit)
RECEPTCR DEPENDENT DATA

c FOR MODE

make
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1 (site specific) sector distance receptor-height

RECEPTOR PARAMETER DESCRIPTION

sector = 0, 1, 2... (all, S, SSW, etc.)

distance = receptor distance (m)

receptor height = height of receptor {(m)

class =1, 2, 3, 4, 5, 6, 7 (P-G stability class A, B, C, D, E, F, G)
windspeed = anemometer wind speed {(m/s)

offset = offset from plume centerline (m}

xmax = maximum distance to plot or calculate to (m)
imax distance intervals

ymax = maximum offset to plot {m)

jmax = offset intervals

xgmin = minimum scaled X/Q to calculate

power = exponent in power function step size

noooaoaaonaoaon0oaononn

MODE:
Site specific X/Q calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.
No normalization of joint frequency.

X/Q calculated for overall site.

MCDELS SELECTED:
Gaussian puff model selected.

WARNING/ERROR MESSAGES:
JOINT FREQUENCY DATA:

200 AREA {HMS) - 10 M - Pasguill A - G (1983 - 1991 Average)
Created 8/26/92 KR

TWRS FSAR 95% overall river bd Puff release, 45 degree sectors

2 {(by class & wind speed) class windspeed distance offset receptor-height
3 (create plot file) class windspeed xXmax imax ymax jmax xgmin power

TOTAL AVERAGE
POPULATICN INDIVIDUAL
RECEPT GSECT. SCALED SCALED ATM. WIND
DISTANCE HEIGHT FREQ. X/Q X/Q STAB. SPEED
SECTOR (m} (m} (%) POPULATION  {1/m3) {(1/m3) CLASS (m/s)
ALL 100 0 99.94 1 8.8BE-03 8.8BBE-03 G 0.89
ALL 15360 0 99.94 1 5.06E-08 5.06E-08 G 0.89




Current Input

RPP-5924 REV 0

File Name: twrs45r5.IN

GXQ Versicn
December 19,

4.0
1994

General Purpose Atmospheric Dispersion Code

Produced by West

inghouse Hanford Company

Usersgs Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.

Code Custodian i

03/15
14:38

Run Date
Run Time

INPUT ECHO:
TWRS FSAR river
¢ GXQ Version 4.

c mode
1
c
c MODE CHOICE:
C
c mode =
c mode =
c
c LOGICAL CHOICE
¢ ifox inorm
F F
c ifox = t then
c = £ then
¢ inorm = t then
C = f then
c icdf = t then
c = £ then
c ichk = t then
c = f then
c isite = t then
c = f then
c ipop = t then
c = f then
c
¢ X/Q AND WIND S
c ipuff idep
0 0
c
C iwake ipm

s: Brit E. Hey

Westinghouse Hanford Company

P.0. Box 1970
Richland, WA 99352
(509) 376-2921

/00
:11.34

bd Annual Average,
¢ Input File

S:

icdf ichk isite ipop

F F F F
joint frecuency used to

joint frequency used to
joint frequency data 1is
joint frequency data is
cumulative distribution

45 degree sectors

mode = 1 then X/Q based on Hanford site specific meteorology
2 then X/Q based on atmospheric
3 then X/Q plot file is created

stability class and wind speed

compute frequency to exceed X/Q
compute annual average X/Q
normalized (as in GENII}
un-normalized

file created (CDF.OQUT)

no cumulative distribution file created
X/Q parameter print option turned on

no parameter print

X/Q based on joint frequency data for all 16 sectors
X/0Q0 based on joint frequency data of individual sectors
X/0 is population weighted

no population weighting
PEED ADJUSTMENT MODELS:
isrc iwind

0 G

iflow ientr

DIFFUSION COEFFICIENT ADJUSTMENT MCDELS:

A-16
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¢ 3 0 0
c EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:
(irise igrnd)}iwash igrav
0 0 0 ¢

[9]

C
c initial initial gravitational
c plume plume release deposition settling
le: width height duration velocity velocity
c Wbh{m) Hb (m} trd(hr) vd({m/s) vg({m/s})
C
0.0000CGE+00 0.00000E+0Q0 0.00000E+00D 1.00000E-03 1.00000E-03
c
c initial initial convective
c ambient plume plume release neat release
c temperature temperature flow rate diameter rate{l)
c Tamb (C) TD(C) V0{m3/s) d(m) gh {w)
[
2.0000CE+01 2.20000E+01 1.00000E+00 1.00000E+00 0.0C0000E+OC
c
¢ (1} If zero then buoyant flux based on plume/ambient temperature difference.
c
c X/0 Wind
c scaling Speed
c factor Exponent
[od c{?) a(?)
c
1.00000E+00 7.80000E-01
c

0.00C00E+0CQ

1.00000E+01

1.00C00E+03

5.00000E+CO

c ipuff = 1 then X/Q calculated using puff model

c = 0 then X/Q calculated using default continucus plume model
c idep = 1 then plume depletion model turned on (Chamberlain model)
¢ isrc = 1 then X/Q multiplied by scalar

c 2 then X/Q adjusted by wind speed function

c iwind = 1 then wind speed corrected for plume height

¢ iwake = 1 then NRC RG 1.145 bhuilding wake model turned on

c = 2 then MACCS virtual distance building wake model turned on
c ipm = 1 then NRC RG 1.145 plume meander model turned on

e} 2 then 5th Power Law plume meander model turned on

c 3 then sector average model turned on

c iflow = 1 then sigmas adjusted for volume flow rate

¢ ientr = 1 then method of Pasquill used to account for entrainment
¢ irise = 1 then MACCS buovant plume rise model turned on

C 2 then ISC2 momentum/buoyancy plume rise model turned on

¢ igrnd = 1 then Mills buoyant plume rise modification for ground effects
¢ iwash = 1 then stack downwash model turned on

c igrav = 1 then gravitational settling model turned on

c = 0 unless specified otherwise, 0 turns model off

c

¢ PARAMETER INPUT:

c reference frequency

c release anemometer mixing to

c height height height exceed

C hs (m) ha (m) hm {m) Cx (%)

c

¢ RECEPTOR DEPENDENT DATA {no line limit)
RECEPTOR DEPENDENT DATA

¢ FOR MODE

make
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1 {site specific) sector distance receptor-height
2 (by class & wind speed) class windspeed distance offset receptor-height
3 {create plot file} class windspeed xmax imax ymax jmax xgmin power

RECEPTOR PARAMETER DESCRIPTION

sector = 0, 1, 2... {(all, 5, SSW, etc.)

distance = receptor distance (m)

receptor height = height of receptor (m)

class = 1, 2, 3, 4, 5, 6, 7 (P~G stability class A, B, C, D, E, F, G}
windspeed = anemometer wind speed (m/s)

offset = offset from plume centerline {(m)

xmax = maximum distance to plot or calculate to (m)
imax distance intervals

ymax maximum offset to plot (m)

jmax = offset intervals

xgmin = minimum scaled X/Q to calculate

power = exponent in power function step size

i

onNnnooonoonon0on0acaon0oennao

MODE :
Site gpecific X/Q calculated.

LOGICAL CHOICES:

Joint fregquency used to calculate annual average X/Q.
No normalization of joint fregquency.

X/0 calculated for single sector.

MODELS SELECTED:

Sector average model selected.

Default Gaussian plume model selected.
WARNING/ERROR MESSAGES:

JOINT FREQUENCY DATA:

200 AREA (EMS} - 10 M - Pasqguill A - G (1983 - 1991 Average)
Created 8/26/5%2 KR

TWRS FSAR river bd Annual Average, 45 degree sectors

TOTAL AVERAGE

POPULATION INDIVIDUAL

RECEPT SECT. SCALED SCALED ATM. WIND

DISTANCE HEIGHT FREQ. X/Q X/Q STAB. SPEED

SECTCR (m} (m} (%) POPULATION (s/m3) {s/m3} CLASS {m/s)
[ 100 0 6.30 1 1.68E-04 1.68E-04
55w 100 0 4.53 1 1.04E-04 1.04E-04
SW 100 0 2.93 1 9.93E-05 9.93E-05
WsSW 100 0 2.72 1 9.97E-05 9.97E-05
W 100 0 4.80 1 1.73E-04 1.73E-04
WNW 100 0 3.98 1 1.39%9E-04 1.39E-04
NW 100 0 4.72 1 1.57E-04 1.57E-04
NNW 100 0 4.58 1 1.54E-04 1.54E-04
N 100 0 4.36 1 1.61E-04 1.61E-04
NNE 100 0 2.49 1 9.04E-05 9.04E-05
NE 100 0 3.90 1 1.07E-04 1.07E~04
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ENE
ESE
SE

SSE

SSW

ENE

ESE
SE
SSE

1C¢0
1c0
1060
100
1¢0
15360
15360
13200
11100
11100
11100
10800
8690
8690
8970
10430
10530
11160
15190
21050
15360

C OO O COO0OCOO0OoOODOoOO0O0O0 000

| on ol
= o oo,

[o IR VS I N R AT ST WS TS N A6 I O T o o

BB e
O 00

"~

.17
.05
.80
.83
.78
.30
.53
.93
.72
.80
.98
.72
.58
.36
.49
.50
17
.05
.80
.83
.78

RPP-5924 REV 0

N N N s

W W =Wl 000 Ui Wk W bW

.42E-04
.78E-04
.03E-04
.52E-04
.47E-04
.50E-08
.1CE-(8
.57E-08
.30E~-08
.94E-08
.91E-08
.95E-08
.25E-08
.76E-08
.67E-08
.44E~-08
.83E-08
L.47E-07
.0CE-07
.78E-08
.22E-08

W W = U0 U W WERE DR W

.42E-04
.78E-04
.03E-04
.52E-04
.47E-04
.50E-08
.10E-08
.57E-08
.30E-08
.94E-08
.91E-08
.95E-08
.25E-08
.76E-08
.67E-08
.44E-08
.83E-08
.47E-07
.00E-07
.78E-08
.22E-08
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Current Input File Name: twrs45r6.IN

GXQ Version
December 19,

4.0
1994

General Purpose Atmospheric Dispersion Code

Produced by Westinghouse Hanford Company

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey
Westinghouse Hanford Company

P.O. Box 1970
Richland, WA 99352
{509) 376-2921

d 50%, 45 degree sectors

sion 4.0 Input File

1 then X/Q based on Hanford site specific meteorology
X/0 based on atmospheric stability class and wind speed

/0 plot file is created

inorm ic¢df ichk isite ipop

F F F
joint frequency used to
joint frequency used to
joint frequency data is
joint frequency data is
cumulative distribution

compute frequency to exceed X/Q
compute annual average X/Q
normalized (as in GENII)
un-normalized

file created {CDF.OUT)

no cumulative distribution file created
X/Q parameter print option turned on

ne parameter print

X/Q based on joint frequency data for all 16 sectors
X/0 based on joint frequency data of individual sectors
X/Q 1s population weighted

no population weighting

WIND SPEED ADJUSTMENT MODELS:

src iwind
0

DIFFUSION COEFFICIENT ADJUSTMENT MODELS:

Run Date = 03/15/00
Run Time = 14:46:33.08
INPUT ECHO:
TWRS FSAR river b
c GXQ Ver
c mode
1
c
¢ MODE CHOICE:
¢ mode =
c mode = 2 then
¢ mode = 3 then X
c
¢ LOGICAL CHOICES:
c ifox
T T F
¢ ifox = t then
c = £ then
¢ inorm = t then
c = £ then
¢ icdf = t then
c f then
¢ ichk = t then
c = £ then
c isite = t then
c = £ then
c ipop = t then
c = f then
c
c X/Q AND
C ipuff idep 1
0 0 ¢
c
o] iwake ipm i

flow ientr
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nooooo0ao000co0n0n00000000000

nonoaoanao naonaoaaoaaon

nNoaonoaoaonan

c

¢ RECEPTOR DEPENDENT DATA

0 0

RPP-5924 REV 0

0 0

EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:
(irise igrnd)iwash igrav

0.00000E+00Q

1.00C00E+01

1.00000E+03

5.00600E+C1

0 0 o 0
ipuff = 1 then X/Q calculated using puff model
= 0 then X/Q calculated using default continuous plume model
idep = 1 then plume depletion model turned on (Chamberlain model}
isre = 1 then X/Q multiplied by scalar
= 2 then X/Q adjusted by wind speed function
iwind = 1 then wind speed corrected for plume height
iwake = 1 then NRC RG 1.145 building wake model turned on
= 2 then MACCS virtual distance building wake model turned on
ipm = 1 then NRC RG 1.145 plume meander model turned on
= 2 then 5th Power Law plume meander mocdel turned on
= 3 then sector average model turned on
iflow = 1 then sigmas adjusted for volume flow rate
ientr = 1 then method of Pasgquill used to account for entrainment
irise = 1 then MACCS buovant plume rise model turned on
= 2 then ISC2 momentum/buoyancy plume rise model turned on
igrnd = 1 then Mills buoyant plume rise modification for ground effects
iwash = 1 then stack downwash model turned on
igrav = 1 then gravitational settling model turned on
= 0 unless specified otherwise, 0 turns model off
PARAMETER INPUT:
reference frequency
release anemometer mixing to
height height height exceed
hs (m) ha (m) hm{m} Cx (%)

initial initial gravitational

plume plume release deposition settling

width height duration velocity velocity

Wb (m) Hb {m) trd(hr} vd{m/s) vg({m/s}

0.0000CE+0C 0.00000E+00 0.00000E+00 1.000008E-03 1.00000E-03
initial initial convective

ambient plume plume release heat release

temperature temperature flow rate diameter rate(l}

Tamb {C) T0(C) V0 (m3d/s} d(m) ah({w)

2.00000E+01

(1) If zero then

X/Q
scaling
factor
c(?)

2.20000E+01

1.00000E+00

1.00C00E+00

0.000COE+QC

buoyant flux based on plume/ambient temperature difference.

Wind
Speed
Exponent
al(?)

1.00000E+00

¢ FOR MODE

make

7.80000E-01

(ro line limit)

RECEPTOR DEPENDENT DATA
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RPP-5924 REV 0

1 (site specific) sector distance receptor-height
2 (by class & wind speed) class windspeed distance offset receptor-height
3 (create plot file) class windspeed xmax imax ymax jmax xgmin power

RECEPTOR PARAMETER DESCRIPTION

sector = 0, 1, 2... (all, S, SSW, etc.)

distance = receptor distance {(m)

receptor height = height of receptor (m}

class = 1, 2, 3, 4, 5, 6, 7 (P-G stability class A, B, C, D, E, F, G)
windspeed = anemometer wind speed (m/s)

offset = offset from plume centerline (m)

xmax = maximum distance to plot or calculate to {(m)
imax distance intervals

ymax maximum offset to plet (m)

jmax = offiset intervals

xgmin = minimum scaled X/Q to calculate

power = exponent in power function step size

f

MODE :
Site specific X/Q calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.
Joint frequency data normalized.

X/0 calculated for single sector.

MODELS SELECTED:
Default Gaussian plume model selected.

WARNING/ERROR MESSAGES:

JOINT FREQUENCY DATA:
200 AREA (HMS}) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/52 KR

TWRS FSAR river bd 50%, 45 degree sectors

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT SECT. SCALED SCALED ATM. WIND

DISTANCE BEIGHT FREQ. X/Q X/0 STAB. SPEED

SECTCR (m} (m) (%) POPULATION {s/m3) {s/m3) CLASS (m/s)
S 100 0 100.00 1 2.35E-03 2.358-03 F 15.60
SsW 100 0 100.00 1 1.73E-03 1.73E-03 F 19.00
SwW 100 0 100.00C 1 2.86E-03 2.86E-03 E 4.70
WSW 100 0 100.0C 1 3.36E-03 3.36E-03 C 0.89
W 100 0 100.00C 1 2.97E-03 2.97E-03 E 4.70
WNW 100 0 100.00 1 3.07E-03 3.07E-03 E 4.70
NW 100 0 100.00C 1 3.1%9E-03 3.19E-03 E 4.70
NNW 100 0 100.00C 1 4.92E-03 4.92E-03 E 2.65
N 100 0 100.00C 1 5.33E-03 5.33E-03 E 2.65
NNE 100 0 100.00 1 3.91E-03 3.91E-03 C 0.89
NE 100 0 100.0¢C 1 2.41E-03 2.41E-03 D 2.65
ENE 100 0 100.00 1 1.98E-03 1.98E-03 E 7.15
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SE
SSE

SSW

ENE

ESE
SE
SSE

100
100
100
100
15360
15360
132200
11100
11100
11100
10800
8690
8690
8970
10430
10530
11160
15190
21050
15360

COO0OO0QCOoOC OO0 CoOC OO0 C OO0

100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.
100.

00
00
00
00
00
00
ao
00
]
ao
00
00
ao
00
co
0o
co
00
00
(e]4]
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.65E-03
.89E-03
-81E-03
.86E-03
.65E-07
.50E-07
.06E-06
.56E-06
.59E-06
.65E-06
.B2E-06
.24E~-06
-48E-06
.18E-06
.33E-06
.2BE-06
.96E-06
.13E-06
.11E-07
.36E-07

CURRNEPRWEBREPRRRERPBJDNDNDS

.65E-03
.89E-03
.81E-03
.86E-03
.65E-07
-50E-07
.0B6E-06
.56E-06
.59%9E-06
.65E-06
.82E-06
.24E-06
.4BE-C6
.18E-06
.33E-06
.25E-06
.96E-06
.13E-06
.11E-07
.36E-07

CUOmmRMmAEdOERAREERO0EHEROEDT
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.15
.70
.65
.70
.15
.70
.65
.70
.70
.70
.70
.65
.65
.70
.15
.15
.15
.70
.65
.65



RPP-5924 REV 0

Current Input File Name: twrs45r7.IN

GXQ Version
December 19,

4.0
1994

General Purpose Atmospheric Dispersion Ceode
Preduced by Westinghouse Hanford Company

Users Cuide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey
Westinghouse Hanford Company

Run Date
Run Time

03/15
14:54

INPUT ECHO:
TWRS FSAR river

C
C

Qo000 00na

oMo eonOoanananan

n a0

GXQ Ver
mode
1

MODE CH
mode =

mode
mode

LOGICAL
ifox
T

ifox

1}

inorm

icdf

ichk

isite

]

ipop =

X/Q AND
ipuff
0

sion 4.

OICE:

1 then
2 then
3 then

CHOICE
inorm

then
then
then
then
then
then
then
then
then
then
then
then

[ I e W W o o o W o R

WIND S
idep
0

P.0. Box 1970
Richland, WA 99352
{509) 376-2921

/00
:29.45

bd 50%, 45 degree sectors, plume meander

0 Input File

X/Q based on Hanford site specific metecrology

X/Q based on atmospheric

X/Q plot file is created

S:

icdf ichk isite ipop

F F F F
joint frequency used to

joint frequency used to
joint freguency data is
joint frequency data is
cumulative distribution

stability class and wind speed

compute frequency to exceed X/Q
compute annual average X/Q
normalized (as in GENII)
un-normalized

file created {(CDF.QUT)

no cumulative distribution file created
X/Q parameter print option turned on

no parameter print

X/Q based on joint freguency data for all 16 sectors
X/Q based on joint fregquency data of individual sectors
X/Q is population weighted

no population weighting

PEED ADJUSTMENT MODELS:
isrc iwind
G 0

DIFFUSION COEFFICIENT ADJUSTMENT MODELS:

iwake

ipm

iflow ientr
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0 1
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0 0

¢ EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:

n

{irise igrnd)iwash igrav

0 0

X/0Q calculated using puff model

X/Q calculated using default continucus plume medel
plume depletion model turned on (Chamberlain model)
X/Q multiplied by scalar

X/Q adjusted by wind speed function

wind speed corrected for plume height

NRC RG 1.145 building wake model turned on

MACCS virtual distance building wake model turned on
NRC RG 1.145 plume meander model turned on

5th Power Law plume meander model turned on

sector average model turned on

gigmas adjusted for volume flow rate

method of Pasquill used to account for entrainment
MACCS buoyant plume rise model turned on

ISC2 momentum/buoyancy plume rise model turned on
Mills buovant plume rise modification for ground effects
stack downwash model turned on

0 0
c ipuff = 1 then
C = 0 then
c idep = 1 then
c isre = 1 then
C = 2 then
¢ iwind = 1 then
¢ iwake = 1 then
(o} = 2 then
c ipm = 1 then
c = 2 then
c = 3 then
¢ iflow = 1 then
c ientr = 1 then
¢ irise = 1 then
o] = 2 then
¢ igrnd = 1 then
¢ iwash = 1 then
¢ igrav = 1 then
c = 0 unle
c
¢ PARAMETER INPU
¢
c release
c height
c hs (m)
c

0oaononn

o0o0aooaan

oono0aononao

c

(1}

gravitational settling model turned on
sg specified otherwise, 0 turns model off
T:
reference frequency
anemometer mixing to
height height exceed
ha (m) hm {m) Cx{%)

0.00000E+00Q

1.00000E+01

1.00000E+03

5.00C00E+01

initial initial gravitational

plume plume release deposition settling

width height duration velocity velocity

Wh (m) Hb {m) trd{hr) vd{m/s) vg{m/s}

0.00000E+00 0.00000E+00 0.000CG0E+0QOC 1.00000E-03 1.00000E-03
initial initial convective

amblent plume plume release heat release

temperature temperature flow rate diameter rate{l)

Tamb (C) TO(C) VO (m3/s) d (m} gh (w}

2.00000E+01

2.20000E+01

1.00000E+0Q0

1.00000E+00

0.0000CE+0QOQ

If zero then buoyant flux based on plume/ambient temperature difference.
X/Q Wind
scaling Speed
factor Exponent
c(?) a(?)

1.00000E+0QQ

7.8C0000E-01

c RECEPTOR DEPENDENT DATA (no line limit)
RECEPTOR DEPENDENT DATA

c FOR MODE

make
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RPP-5924 REV 0

1 {site specific) sector distance receptor-height
2 (by class & wind speed) class windspeed distance offset receptor-height
3 {(create plot file) class windspeed xmax imax ymax jmax xqgmin power

RECEPTOR PARAMETER DESCRIPTION

sector = 0, 1, 2... (all, &, SSW, etc.}

distance = receptor distance (m}

receptor height = height of receptor (m)

class = 1, 2, 3, 4, 5, &, 7 {(P-G stability class A, B, C, D, E, F, G)
windspeed = anemometer wind speed (m/s)

offset = offset from plume centerline {m)

xmax = maximum distance to plot or calculate to {m)
imax distance intervals

ymax maximum offset to plot (m)

jmax = offset intervals

xgmin = minimum scaled X/Q to calculate

power = exponent in power function step size

MODE:
Site specific X/Q calculated.

LOGICAL CHCICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.
Joint frequency data normalized.

X/Q calculated for single sector.

MODELS SELECTED:
NRC RG 1.145 plume meander model selected.
Default Gaussian plume model selected.

WARNING/ERROR MESSAGES:

JOINT FREQUENCY DATA:
200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average}
Created 8/26/92 KR

TWRS FSAR river bd 50%, 45 degree sectors, plume meander

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT SECT. SCALED SCALED ATM. WIND

DISTANCE HEIGHT FREQ. Xx/Q X/Q STAB. SPEED

SECTCOR (m} {m) (%) POPULATION (s/m3) {s/m3} CLASS {(m/s)
s 100 0 100.00 1 1.67E-03 1.67E-03 D 2.65
Ssw 100 0 100.00 1 1.62E-03 1.62E-03 F 19.00
sSwW 100 0 160.00 1 1.85E-03 1.85E-03 B 0.89
WsW 100 0 100.00 1 2.22E-03 2.22E-03 E 2.65
W 100 0 100.00 1 2.07E-03 2.07E-03 E 2.65
WNW 1¢0 0 100.00 1 2.04E-03 2.04E-C3 B 0.89
NW 100 0 100.00 1 2.10E-03 2.10E-C3 E 2.65
NNW 100 0 100.00 1 2.27E-03 2.27E-03 E 4.70
N 100 0 100.00 1 2.27E-03 2.27E-03 E 4.70
NNE 100 0 100.00 1 2.27E-03 2.278-03 E 2.65
NE 100 0 100.00 1 1.81E-03 1.81E-03 B 0.89
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RPP-5924 REV

t Inbut File Name: twrsd4S5r8.IN

GXQ Version 4.0
December 19, 1994

General Purpose Atmospheric Dispersion Code
Produced by Westinghouse Hanford Company

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Westinghouse Hanford Company
P.O. Box 18970

Richland, WA 99352

{509) 376-2921

Run Date = 03/15/00
Run Time = 15:21:27.61
INPUT ECHO:
TWRS FSAR river bd 50%, 45 degree sectors, puff
¢ GXQ Version 4.0 Input File
c mode
1
c
c MODE CHOICE:
c mode = 1 then X/Q based on Hanford site specific meteorology
c mode = 2 then X/Q based on atmospheric stability c¢lass and wind speed
¢ mode = 3 then X/Q plot file is created
c
¢ LOGICAL CHCQICES:
c ifox inorm icdf ichk isite ipop
T T F F F F
c ifox t then joint frequency used to compute freguency to exceed X/0Q
c = f then joint freguency used to compute annual average X/Q
c inorm = t then joint frequency data is normalized (as in GENII}
C = f then joint fregquency data is un-normalized
¢ icdf = t then cumulative distribution file created {CDF.OQUT}
c = f then no cumulative distribution file created
¢ ichk = t then X/(Q parameter print option turned on
C = f then no parameter print
c isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q based on joint fregquency data of individual sectors
¢ ipop = t then X/Q isg population weighted
c = £ then no population weighting
C
c X/Q AND WIND SPEED ADJUSTMENT MODELS:
c ipuff idep isrc iwind
1 0 0 0
¢ DIFFUSION COEFFICIENT ADJUSTMENT MODELS:
C iwake ipm iflow ientr
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0 0 0 0

EFFECTIVE RELEASE HEIGHT ADJUSTMENT MQODELS:
{(irise igrnd)iwash igrav
0 0 o 0

n o

c
c initial initial gravitational
c plume plume release deposition settling
e width height duration velocity velocity
c Wb {m) Hb (m) trd(hr) vd(m/s) vg (m/s)
o}
0.Q00000E+00 0.00000E+0Q0 0.0C00CE+00 1.00000E-03 1.00000E-03
c
c initial initial convective
C ambient plume plume release heat release
c temperature temperature flow rate diameter rate{l)
c Tamb(C} TO(C) V0O (m3/s) d{m} gh (w}
lo:
2.00000E+01 2.20000E+01 1.0C000E+00 1.00000E+00 0.0C000E+00
c
¢ (1} If zero then buoyant flux based on plume/ambient temperature difference.
c
c X/Q Wind
c scaling Speed
c factor Exponent
C c(?} a(?)
fo.
1.00000E+00 7.80000E-01
C

0.00000E+00

1.00000E+01

1.00000E+03

5.00000E+01

¢ 1puff = 1 then X/Q calculated using puff model

c = 0 then X/Q calculated using default continuous plume model
¢ idep = 1 then plume depletion model turned on {(Chamberlain model)
¢ isrce = 1 then X/Q multiplied by scalar

c 2 then X/Q adjusted by wind speed function

¢ iwind = 1 then wind speed corrected for plume height

¢ iwake = 1 then NRC RG 1.145 building wake model turned on

c 2 then MACCS virtual distance building wake model turned on
c ipm 1 then NRC RG 1.145 plume meander model turned on

o) = 2 then 5th Power Law plume meander model turned on

C = 3 then sector average model turned on

¢ iflow = 1 then sigmas adjusted for volume flow rate

c ientr = 1 then method of Pasquill used to account for entrainment
¢ irise = 1 then MACCS buoyant plume rise model turned on

c 2 then ISCZ momentum/buoyancy plume rise model turned on

c igrnd = 1 then Mills buovant plume rise modification for ground effects
c iwash = 1 then stack downwash meodel turned on

c igrav = 1 then gravitational settling model turned on

c = (0 unless specified otherwise, 0 turns model off

c

c PARAMETER INPUT:

c reference frequency

c release anemometer mixing to

¢ height height height exceed

c hs (m) ha (m) hm (m) Cx (%)

c

c RECEPTOR DEPENDENT DATA (no line limit)
RECEPTOR DEPENDENT DATA

¢ FOR MCDE

make

A-29



RPP-5924 REV 0

1 (site specific) sector distance receptor-height

RECEPTOR PARAMETER DESCRIPTION

sector = 0, 1, 2... {all, 8, SSW, etc.)
distance = receptor distance {m)
receptor height = height of receptor (m}

windspeed = anemometer wind speed (m/s)

offset = offset from plume centerline (m)

xmax = maximum distance to plot or calculate to {(m)
imax distance intervals

ymax maximum offset to plot (m)

jmax offset intervals

xqgqmuin = minimum scaled X/Q to calculate

power = exponent in power function step size

o

1t

oo aoaoaoo0caoananonannan

MODE :
Site specific X/Q calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.

Joint freguency data normalized.
X/Q calculated for single sector.

MODELS SELECTED:
Gaussian puff model selected.

WARNING/ERROR MESSAGES:
JOINT FREQUENCY DATA:

200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR

TWRS FSAR river bd 50%, 45 degree sectors, puff

class =1, 2, 3, 4, 5, 6, 7 (P-G stability class A, B, C, D, E, F, G)

2 (by class & wind speed) class windspeed distance offset receptor-height
3 {(create plot file) class windspeed xmax imax ymax jmaxXx xgmin power

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT SECT. SCALED SCALED ATM. WIND

DISTANCE HEIGHT FREQ. X/Q X/Q STARB. SPEED

SECTCR (m}) {m) (%) POPULATION (1/m3}) {1/m3) CLASS (m/s)
[ 100 0 100.00 1 2.59E-C4 2.59E-04 D 2.65
SSW 160 0 100.00 1 2.54E-04 2.54E-04 D 2.65
SwW 100 0 100.00 1 2.59E-04 2.59E-04 D 0.89
Wsw 1G¢0 0 100.00 1 2.50E-04 2.50E-04 D 2.65
W 100 0 100.00 1 2.92E-04 2.92E-04 D 2.65
WNW 160 0 100.00 1 3.38E~-04 3.38E-04 D 2.65
Nw 100 0 100.00 1 4.68BE-04 4_68BE-04 D 2.65
NNW 100 0 100.00 1 6.48E-04 6.48E-04 E 2.65
N 1¢c0 0 100.00 1 7.07E-04 7.07E-04 E 2.65
NNE 160 0 100.00 1 6.28E-04 6.28BE-04 E 2.65
NE 1c0 0 100.00 1 5.32E-04 5.32E-04 D 4.70
ENE 100 0 100.00 1 5.21E-04 5.21E-04 D 4.70
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Current Input File Name: twrsdb5r9.IN

GXQ Version 4.0
December 19, 1994

General Purpose Atmospheric Dispersion Code
Produced by Westinghouse Hanford Company

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Westinghouse Hanford Company

P.O. Box 1970

Richland, WA 99352

(509) 376-2921

Run Date = 03/16/00
Run Time = 09:39:02.51
INPUT ECHO:

TWRS FSAR 95% overall river bd no BW/No PM, 45 degree sectors, 0.15 cm/s dep
c GXQ Version 4.0 Input File

C mode
1
c
¢ MODE CHOICE:
¢ mode = 1 then X/Q based on Hanford site specific meteorology
c mode = 2 then X/Q based on atmospheric stability class and wind speed
c mode = 3 then X/0Q plot file is created
c
¢ LOGICAL CHOICES:
c ifox dinorm icdf ichk isite ipop

T F F F T F
¢ ifox = t then jeint frequency used to compute frequency to exceed X/Q
c = £ then joint frequency used to compute annual average X/Q
¢ inorm = t then joint frequency data is normalized (as in GENII}
c = f then joint frequency data is un-normalized
¢ icdf = t then cumulative distribution file created (CDF.QUT)
c = f then no cumulative distribution file created
c ichk = t then ¥X/Q parameter print option turned on
c = f then no parameter print
¢ isite = t then X/Q based on joint frequency data for all 16 sectors
c = £ then X/Q based on joint fregquency data of individual sectors
c ipop = t then X/0 is population weighted
c = f then no population weighting
c
¢ X/Q AND WIND SPEED ADJUSTMENT MODELS:
[+ ipuff idep isrc iwind
0 1 0 0
¢ DIFFUSION COEFFICIENT ADJUSTMENT MODELS:
c iwake ipm iflow ientr
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0 0 0 0
¢ EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:
¢ ({irise igrnd)iwash igrav

0 0 0 0

C
c initial initial gravitational
c plume plume release deposition settling
c width height duration velocity velocity
c Wb {m) Hb {m) trd(hr) vd{m/s) vg(m/s)
c
0.00C00E+0Q0 0.00000E+00 0.00000E+CO 1.50000E-03 1.00000E-03
c
c initial initial convective
c ambient plume plume release heat release
c temperature temperature flow rate diameter rate(l)
] Tamb () TO(C) V0 ({m3/s) d {m) agh (w)
c
2.00000E+01 2.20000E+01 1.00000E+00 1.00000E+00 C.00000E+00
C
¢ (1) If zero then buoyant flux based on plume/ambient temperature difference.
c
c X/Q Wind
C scaling Speed
c factor Exponent
c c(?) a(?)
c
1.00000E+00 7.80000E-01
(8]

0.00000E+00

1.00000E+C1

1.00000E+03

5.00000E+00

c ipuff = 1 then X/Q calculated using puff model

c = 0 then X/Q calculated using default continuous plume model
c idep = 1 then plume depletion model turned on {Chamberlain model}
¢ isre = 1 then X/Q multiplied by scalar

c = 2 then X/Q adjusted by wind speed function

¢ 1wind = 1 then wind speed corrected for plume height

c iwake = 1 then NRC RG 1.145 building wake model turned on

c = 2 then MACCS virtual distance building wake model turned on
c ipm = 1 then NRC RG 1.145 plume meander model turned on

c = 2 then 5th Power Law plume meander model turned on

c 3 then sector average model turned on

¢ iflow = 1 then sigmas adjusted for volume flow rate

¢ ientr = 1 then method of Pasquill used to account for entrainment
¢ irise = 1 then MACCS buoyant plume rise model turned on

c = 2 then ISC2 momentum/bucyancy plume rise model turned on

¢ igrnd = 1 then Mills bucoyant plume rise modification for ground effects
¢ iwash = 1 then stack downwash model turned on

¢ igrav = 1 then gravitational settling model turned on

c = (0 unless specified otherwise, 0 turns model off

c

¢ PARAMETER INPUT:

c reference frequency

c release anemometer mixing to

c height height height exceed

c hs {m) ha (m) hm {m} Cx{%)

el

¢ RECEPTOR DEPENDENT DATA (no line limit)

¢ FOR MODE

RECEPTOR DEPENDENT DATA
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1 (site specific) sector distance receptor-height
2 {by class & wind speed) class windspeed distance offset receptor-height
3 {create plot file) class windspeed xmax imax ymax jmax xXgmin power

RECEPTOR PARAMETER DESCRIPTION

sector = 0, 1, 2... {(all, 8, S8W, etc.}

distance = receptor distance (m)

receptor height = height of receptor (m)

class = 1, 2, 3, 4, 5, 6, 7 (P-G stability c¢lass A, B, C, D, E, F, G)
windspeed = anemometer wind speed {m/s)

offset = offset from plume centerline {m)

xmax = maximum distance to plot or calculate to (m)
imax distance intervals

ymax maximum offset to plot {m)

Jmax offset intervals

xgmin = minimum scaled X/Q to calculate

power = exponent in power function step size

nooono0o0o0onNno0onNnaonanan

MODE :
Site specific X/Q calculated.

LOGICAL CHCICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.
No normalization of joint frequency.

X/Q calculated for overall site.

MODELS SELECTED:

Source depletion model selected.
Default Gausgsian plume model selected.
WARNING/ERROR MESSAGES:

JOINT FREQUENCY DATA:

200 AREA {(HMS) - 10 M - Pasqguill A - G (1983 - 1991 Average)
Created 8/26/92 XR

TWRS FSAR 95% overall river bd no BW/No PM, 45 degree sectors, 0.15 cm/s dep

TOTAL AVERAGE
POPULATION INDIVIDUAL
RECEPT SECT. SCALED SCALED ATM. WIND
DISTANCE HEIGHT FREQ. X/Q X/Q STAB. SPEED
SECTCR {m} (m) (%} POPULATION (s/m3) (s/m3) CLASS {m/s)
ALL 100 0 99.94 1 2.84E-02 2.84E-02 F 0.89
ALL 153690 6 99.94 1 1.14E-05 1.148-05 F 0.89
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Current Input File Name: twrs45rl10.IN

GXQ Version 4.0
December 19, 1994

General Purpose Atmospheric Dispersion Code
Produced by Westinghouse Hanford Company

Users Guide deocumented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-5D-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Westinghouse Hanford Company

P.0O. Box 1970

Richland, WA 99352

(509) 376-2921

Run Date = 03/16/00
Run Time = 09:44:59.53
INPUT ECHO:

TWRS FSAR 95% overall river bd no BW/No PM, 45 degree sectors, 10 m wide sourc
¢ GXQ Version 4.0 Input File

c mode
1
C
¢ MODE CHOICE:
¢ mode = 1 then X/Q based on Hanford site specific meteocrology
c mode = 2 then X/Q based on atmospheric stability class and wind speed
c mode = 3 then X/Q plot file is created
c
¢ LOGICAL CHOICES:
c ifox inorm icdf ichk isite ipop

T F F F T F
c ifox = t then joint frequency used to compute frequency to exceed X/Q
c = £ then joint frequency used to compute annual average X/Q
¢ inorm = t then joint frequency data is normalized (as in GENII)
c = f then joint frequency data is un-normalized
¢ iedf = t then cumulative distribution file created (CDF.OQUT)
c = f then no cumulative distribution file created
¢ ichk = t then X/0 parameter print option turned on
c = £ then no parameter print
c isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q based on joint frequency data of individual sectors
c ipop = t then X/0 is population weighted
c = f then no population weighting
c
¢ X/0 AND WIND SPEED ADJUSTMENT MODELS:
c ipuff idep isrc iwind
0 0 0 ¢
¢ DIFFUSION COEFFICIENT ADJUSTMENT MODELS:
c iwake ipm iflow ientr
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2 0 0 0

c EFFECTIVE RELEASE HEIGET ADJUSTMENT MQODELS:
{irise igrnd)iwash igrav
0 0 0 0

C
c initial initial gravitational
c plume plume release deposition settling
c width height duration velocity velocity
c Wb (m} Hb{m) trd{hr) vd(m/s) vg{m/s)
C
1.00000E+01 0.C0000E+0QC C.00000E+00 1.00000E-03 1.060000E-03
o .
¢ initial initial convective
c ambient plume plume release heat release
c temperature temperature flow rate diameter rate(l)
c Tamb {C) TO(C) V0{m3/s) d{m) ah (w)
C
2.00000E+01 2.20000E+01 1.00000E+00 1.00000E+00 C.00000E+00
<
¢ (1) If zero then buoyant flux based on plume/ambient temperature difference.
c
c X/Q Wind
o] scaling Speed
c factor Exponent
c c{?) a(?)
C
1.00C00E+00 7.80000E-01
c

C.00000E+0Q0

1.00000E+01

1.00000E+03

5.000C0E+00

c ipuff = 1 then X/Q calculated using puff model

c = 0 then X/Q calculated using default continuous plume model
¢ idep = 1 then plume depletion model turned on (Chamberlain model)
¢ isrc = 1 then X/Q multiplied by scalar

c = 2 then X/Q adjusted by wind speed function

¢ 1lwind = 1 then wind speed corrected for plume height

¢ iwake = 1 then NRC RG 1.145 building wake model turned on

c = 2 then MACCS wvirtual distance building wake model turned on
¢ ipm = 1 then NRC RG 1.145 plume meander model turned on

c = 2 then 5th Power Law plume meander model turned on

c = 3 then sector average model turned on

¢ iflow = 1 then sigmas adjusted for volume flow rate

¢ ientr = 1 then method ¢f Pasguill used to account for entrainment
¢ irise = 1 then MACCS buoyant plume rise model turned on

c 2 then ISCZ2 momentum/buoyancy plume rise model turned on

¢ igrnd = 1 then Mills buoyant plume rise modification for ground effects
¢ iwash = 1 then stack downwash model turned on

¢ igrav = 1 then gravitational settling model turned on

c = 0 unless specified otherwise, 0 turns model off

c

¢ PARAMETER INPUT:

C reference frequency

c release anemometer mixing to

c height height height exceed

c hs (m) ha (m) hm (m} Cx (%)

c

c RECEPTOR DEPENDENT DATA (no line limit}
RECEPTOR DEPENDENT DATA

¢ FOR MODE

make
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¢ 1 {site specific) sector distance receptor-height
¢ 2 (by class & wind speed) class windspeed distance cffset receptor-height
3 (create plot file) class windspeed xmax imax ymax jmax xgmin power

o]

RECEPTOR PARAMETER DESCRIPTION

sector = 0, 1, 2... {(all, 5, S8W, etc.)}

distance = receptor distance (m)

receptor height = height of receptor (m)

class = 1, 2, 3, 4, 5, 6, 7 (P-G stability class A, B, C, D, E, F, G)
windspeed = anemoneter wind speed {m/s)

offset = offset from plume centerline (m)

xmax = maximum distance to pleot or calculate to (m)
imax = distance intervals

ymax naximum offset te plot {(m)

jmax = offset intervals

®gmin = minimum scaled X/Q to calculate

power = exponent in power function step size

3}

oconaoono0o0Qaonagnnan

MODE:
Site specific X/Q calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on freguency of exceedance.
No normalization of joint frequency.

X/Q calculated for overall site.

MODELS SELECTED:

MACCS Virtual source building wake model selected.
Default Gaussian plume model selected.
WARNING/ERROR MESSAGES:

JOINT FREQUENCY DATA:

200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR

TWRS FSAR 95% overall river bd no BW/No PM, 45 degree sectors, 10 m wide source

TOTAL AVERAGE
POPULATION INDIVIDUAL
RECEPT SECT. SCALED SCALED ATM. WIND
DISTANCE HEIGHT FREQ. X/Q X/0 STAB. SPEED
SECTOR (m} {m) (%) POPULATION (s/m3) (s/m3} CLASS (m/s) ?
ALL 100 0 99.94 1 2.24E-02 2.24E-02 F 0.89
ALL 15360 0 99.94 1 2.21E-05 2.21E-0% F 0.89
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Current Input File Name: twrs45rll.IN

GXQ Version 4.0
December 19, 1994

General Purposzse Atmospheric Dispersion Code
Produced by Westinghouse Hanford Company

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Westinghouse Hanford Company

P.O. Box 1970

Richland, WA 99352

{(509) 376-2921

03/16/00
09:46:48.99

Run Date
Run Time

INPUT ECHO:
TWRS FSAR 95% overall river bd no BW/No PM, 45 degree sectors, 30 m wide sourc
c GXQ Version 4.0 Input File

c mode
1
o]
¢ MODE CHOICE:
c mode = 1 then X/Q based on Hanford site specific meteoroclogy
¢ mode = 2 then X/Q based on atmospheric stability class and wind speed
c mode = 3 then X/Q plot file is created
o)
¢ LOGICAL CHOICES:
C ifox inorm icdf ichk isite ipop
T F F F T F
¢ ifox = t then joint frequency used to compute fregquency to exceed X/Q
C = f then joint fregquency used to compute annual average X/Q
¢ inorm = t then joint frequency data is normalized (as in GENITI)
c = f then joint frequency data is un-normalized
c 1icdf = t then cumulative distribution file created (CDF.QUT)
C = f then no cumulative distribution file created
¢ ichk = t then X/Q parameter print option turned on
c = f then no parameter print
¢ isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q bhased on joint frequency data of individual sectors
c ipop = t then X/Q is population weighted
e = f then no population weighting
L
¢ X/Q AND WIND SPEED ADJUSTMENT MODELS:
< ipuff idep 1isrc iwind
0 0 0 0
<¢ DIFFUSION COEFFICIENT ADJUSTMENT MODELS:

iwake ipm iflow ientr

Q
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2 0 0 0
¢ EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:
¢ {irise igrnd)iwash igrawv

0 0 0 0

c
c initial initial gravitational
c plume plume release deposition settling
c width height duration velocity velocity
c Wb (m) Hb{m) trd(hr) vd{m/s) vg(m/s)
c
3.00000E+01 0.00000E+C0O 0.00000E+00 1.00000E-03 1.00000E-03
c
c initial initial convective
C ambient plume plume release heat release
c temperature temperature flow rate diameter rate{l)
C Tamb (C) TO{C} VG{m3/s) d(m) gh (w)
c
2.00000E+01 2.20000E+01 1.00000E+00 1.00000E+00 0.00000E+00
c
¢ (1) If zero then buoyant flux based on plume/ambient temperature difference.
c
c X/Q Wind
e scaling Speed
c factor Exponent
c c(?) al?)
c
1.00000E+00 7.80000E-01
c

0.0C000E+00

1.00000E+C1

1.00000E+C3

5.00000E+00

¢ ipuff = 1 then X/Q calculated using puff model

c = 0 then X/Q calculated using default continuous plume model
¢ idep = 1 then plume depletion model turned on {Chamberlain model)
¢ isrc = 1 then X/0 multiplied by scalar

c = 2 then X/0Q adjusted by wind speed function

c iwind = 1 then wind speed corrected for plume height

¢ iwake = 1 then NRC RG 1.145 building wake model turned on

c = 2 then MACCS virtual distance building wake model turned on
¢ ipm = 1 then NRC RG 1.145 plume meander model turned on

c = 2 then 5th Power Law plume meander model turned on

c = 3 then sector average model turned on

¢ iflow = 1 then sigmas adjusted for volume flow rate

¢ ientr = 1 then method of Pasquill used teo account for entrainment
¢ irise = 1 then MACCS buoyant plume rise model turned on

la) = 2 then ISC2 momentum/buoyancy plume rise model turned on

¢ igrnd = 1 then Mills buoyant plume rise modification for ground effects
¢ iwash = 1 then stack downwash model turned on

c 1grav = 1 then gravitational settling model turned on

c = D unless specified otherwise, 0 turns model off

c

¢ PARAMETER INPUT:

c reference frequency

c release anemometer mixing to

e height height height exceed

c hs (m) ha {m)} hm{m) Cx{%)

c

< RECEPTOR DEPENDENT DATA (no line limit)
RECEPTOR DEPENDENT DATA

¢ FOR MODE

make
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1 (site specific) sector distance receptor-height
2 (by class & wind speed) class windspeed distance offset receptor-height
3 (create plot file) class windspeed xmax imax ymax jmax Xgmin power

RECEPTOR PARAMETER DESCRIPTION

sector = 0, 1, 2... {(all, 8, SSW, etc.)

distance = receptor distance (m}

receptor height = height of receptor (m)

class = 1, 2, 3, 4, 5, &, 7 {(P-G stability class A, B, C, D, E, F, G)
windspeed = anemometer wind speed (m/s)

offset = offset from plume centerline {m)

xmax = maximum distance to plot or calculate to (m)
imax = distance intervals

ymax = maximum offset to plot {m)

jmax = offset intervals

xXgmin = minimum scaled X/Q to calculate

power = exponent in power function step size

caonocanoooooaoconaonan

MODE :
Site specific X/Q calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.
No normalization of joint frequency.

X/0 calculated for overall site.

MODELS SELECTED:
MACCS Virtual source building wake model selected.
Default Gaussian plume model selected.

WARNING/ERROR MESSAGES:
JOINT FREQUENCY DATA:

200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR

TWRS FSAR 95% overall river bd no BW/No PM, 45 degree sectors, 30 m wide source

TOTAL AVERAGE
POPULATICN INDIVIDUAL
RECEPT SECT. SCALED SCALED ATM. WIND
DISTANCE HEIGHT FREQ. X/Q X/Q STAB. SPEED
SECTOR {m) {m) (%) POPULATION {s/m3) {s/m3) CLASS ({(m/s) A
ALL 100 ¢ 99.94 1 1.31E-02 1.31E-02 F 0.89
ALL 15360 0 99.94 1 2.19E-05 2.19E-05 F 0.89
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APPENDIX B

CALCULATIONS TO SUPPORT THE SOURCE TERM
USED IN THE RIVER PROCTECTION PROJECT
FINAL SAFETY ANALYSIS REPORT
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APPENDIX B

CALCULATIONS TO SUPPORT THE SOURCE TERM
USED IN THE RIVER PROCTECTION PROJECT
FINAL SAFETY ANALYSIS REPORT

B1.0 INTRODUCTION

The following analyses are documented in this appendix:

The impact of using dose conversion factors {DCFs) from ICRP-68, Dose
Coefficients for Intakes of Radionuclides by Workers—Replacement of ICRP
Publication 61, and from ICRP-71, Age Dependent Doses to Members of the Public
from Intake of Radionuclides Part 4 Inhalation Dose Coefficients, rather than DCFs
from the more traditional ICRP-26, Recommendations of the International
Commission on Radiological Protection, and ICRP-30, Limits for Intakes of
Radionuclides by Workers (Section B2.0)

An average DCF for the alpha-emitters derived for use with the total alpha
concentration (Section B3.0)

A method of including the dose from ingestion, resuspension, and ground shine for
the offsite dose for the first 24 hours afier the accident (Section B4.0)

Additional calculations to confirm that the isotopes used for the dose calculation are
adequate to encompass all other isotopes based on predictions of the fission product
inventory in the tanks (Section B5.0).

These calculations are discussed in the following sections.

B2.0 DOSE CONVERSION FACTORS

The unit liter dose (ULD) calculations for the River Protection Project (RPP) Final Safety
Analysis Report (FSAR), documented in HNF-SD-WM-SAR-067, Tank Waste Remediation
System Final Safety Analysis Report, relied on information documented in
WHC-SD-WM-SARR-016, Tank Waste Compositions and Atmospheric Dispersion Coefficients
Sfor Use in Safety Analysis Consequence Assessments. WHC-SD-WM-SARR-016 used DCFs
from ICRP-26 and ICRP-30, which were issued in 1977 and 1979 by the International
Commission on Radiological Protection (ICRP). The ICRP modified its internal dose conversion
model in 1990, which resulted in the generation of different DCFs. ICRP-68 gives updated
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DCFs for workers and ICRP-71 and ICRP-72, Age Dependent Doses to Members of the Public
from Intake of Radionuclides Part 5 compilation of Ingestion and Inhalation Dose Coefficients,
give updated DCFs for the public (offsite receptor). Section B2.1 documents a calculation of the
doses to the onsite worker using updated methodology as given in ICRP-61, Annual Limits on
Intake of Radionuclides by Workers Based on the 1990 Recommendations, and ICRP-68.
Section B2.3 discusses evaluation of the doses to the offsite receptor using updated methodology
from ICRP-71. Section B2.4 presents updated data on breathing rates.

The principal differences in the updated ICRP methods are a revised lung model and refined
weighting factors for several organs. These revised DCFs are documented in ICRP-61; corrected
factors for the onsite worker are given in ICRP-68, and the corrected factors for the public are
given in ICRP-71 and ICRP-72.

B2.1 ONSITE DOSE CONVERSION FACTORS BASED ON METHODOLOGY
FROM ICRP-61 AND ICRP-68

DCFs are given for up to three lung clearance classes for each isotope. ICRP-61 and ICRP-68
use the notation F, M, and S (fast, moderate, and slow) for clearance class rather than the D, W,
and Y (daily, weekly, and yearly) that are used by ICRP-26. The clearance class depends on the
chemical compound of the isotope and how the human body processes the compound. The
clearance class that produces the largest doses is used in this report for each isotope except for
PQr. Class “D” was used in the RPP FSAR (HNF-SD-WM-SAR-067) for *Sr rather than the
larger “Y” factor because the only strontium compound that is in the “Y™ class is SrTiO3, which
is not expected to be found in the Hanford Site waste. The “F” clearance factor was therefore
used for *°Sr rather than the larger “S” factor for the calculation with the ICRP-61 and ICRP-68
DCFs. The DCFs are shown in Table B2-1 for both the ICRP-26 and the ICRP-61 and ICRP-68
models.

The ICRP-68 inhalation DCFs are given for both a 1-pum and 5-um activity median acrodynamic
diameter (AMAD) particle size. Both sets of factors are given in Table B2-1. The 5-um AMAD
are smaller for the transuranic isotopes and result in lower ULDs for the RPP isotope mixes.
ICRP-68 states in Section 2.1: “For occupational exposure the default value now recommended
for the Activity Median Aerodynamic Diameter (AMAD) is 5 um (ICRP-66, Paragraph 181},
which is considered to be more representative of workplace aerosols than the 1 um value adopted
in ICRP Publication 30.” The Safety Evaluation Report (TWRS-RT-SER-003) of the FSAR
(HNF-SD-WM-SAR-067) also recommends the use of 5-pum data. DOE-HDBK-3010-94,
Airborne Release Fractions/Rates and Respirable Fractions for Nonreactor Nuclear Facilities,
considers particles less than 10 pm in diameter as respirable. The use of the ICRP-68 DCFs for
particles 5 pm in diameter therefore appears justifiable.
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Table B2-1. Inhalation Dose Conversion Factors.

ICRP-26" ICRP-68" | ICRP-68"
Isotope ~ DCF . DCF o per
- (Sv/Bq) 1-pm AMA S5-um AMAD
: : _ (Sv/Bq) - - (Sv/Bq) '
“iCo 591 E-08 2.9 E-08 1.7 E-08
Sy 6.47 E-08 2.4 E-08 3.0 E-08
Yy 2.28 E-09 1.5 E-09 1.7 E-09
By 8.63 E-09 4.8 E-09 6.7 E-09
PEY 7.73 E-08 5.0 E-08 3.5 E-08
“Np [.46 E-04 2.1 E-05 1.5 E-05
“py 1.06 C-04 4.3 E-05 3.0 E-05
py 1.16 E-04 4.7 E-05 3.2 E-05
*#py 2.23 E-06 8.5 E-07 5.8 E-07
“Am 1.20 E-04 3.9 E-05 2.7 E-05
*HCm 6.70 E-05 2.5 E-05 1.7 E-05

TCRP-20, 1977, Recommendations of the International Commission on Rudiclogical Protection, Annals of
the International Commission on Radiation Protection, Volume |, Number 3, Llsevier Science, Tarrytown,

New York.

"ICRP-68, 1994, Dose Coefficients for Intakes of Radionuelides by Workers—Replacement of ICRP
Publication 61, Annals of the International Commission on Radiological Protection, Volume 24, Number 4,
Elsevier Science, Tarrylown, New York.

AMAD = activity median acrodynamie dicuneter.
DCF = dose conversion lactor.

ICRP-71 and ICRP-72 give age-dependent doses for members of the public. ICRP-71 discusses
the methods, and ICRP-72 gives a summary of the DCFs. There are several differences between
the ICRP 68 and the ICRP-71 data. The following is a summary of the differences.

DCFs in ICRP-71 are given for different ages: 3 months, | year, 5 years, 10 years,

15 years, and adult. In general, DCFs for infants are about a factor of two higher than
for adults, and intermediate ages show intermediate DCFs. The data in ICRP-7]
indicate that the breathing rate in cubic meters per second is lower for the younger
ages. Since dose 1s a function of both DCF and breathing rale, using the adult factors
1s rcasonable. The doses for different ages are compared in Table B2-2. The product
of breathing rate and DCF s highest for the adult for the dominant isotopes.

DCFEs are given only for [-um AMAD in ICRP-71 and ICRP-72 (i.e., no 5-um data
are given). [CRP-71 indicates in Section 2.3: “For environmental exposure, the
default Activity Median Acrodynamic Diameter (AMAD) is taken to be 1 um.”
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e [CRP-08 presents data for two clearance classes, M and S, for transuranic isotopes.
ICRP-71 give data for three clearance classcs, F, M, and S, for the transuranic
isotopes. The DCFs in class F arc the largest. However, the statement 1s made for
americium, neptuniom, plutonium and curium in ICRP-71: “Default Type M is
recommended (or use in the absence of specific information.” Class M data are used
in Table B2-2.

Table B2-2. Comparison of Dose Conversion Factor Times Breathing Rates for Receptors
ol Various Ages.

Age 3 months 1 year 5 years 10 years 15 years Adult
Air breathed in 24 hours | 2.86 5.16 8.72 15.3 20.1 22.2
{m"*
Average breathing rate 3.3 E-05 6.0 E-05 1.0 E-04 1.8 E-04 2.3 E-04 2.6 E-04
(m";’s)
S DCF (Sv/Bq) 1.5 E-07 1.1E-07 | 65E-08 | S.1E-08 5.0 B-08 3.6 E-08
Sr DCF times breathing | 5.0 E-12 6.6 E-12 6.6 E-12 9.0 L-12 b6 E-11 9.3 [:-12
rate (Sv-m /Bg-s)
Y DCF (Sv/Bq) 1.3 E-08 88 E-00 | 42E-09 |27E-09 1.8 E-09 1.5 E-09
Y DCF times breathing | 4.3 E-13 53 E-13 4.2 E-13 4.8 L-13 4.2 F-13 39 E-13
rate {Sv-m/Bg-s)
s DCF (Sv/Bq) 8.8 E-09 S4E-09 | 36E-09 | 3.7E-09 4.4 E-09 4.6 E-09
MCs DOT times 29E-13 32E-13 | 3.6E-13 6.6 E-13 1.0 E-12 1.2 E-12
breathing rate
(Sv—ml:"Bq-s)
*®pu DCF (Sv/Bq) 7.8 E-05 74EF-05 | 5.6EF-05 | 44605 4.3 E-05 4.6 E-05
>#pu DCT times 2.6 E-09 441-09 | 57E-09 | 7.8 E-09 1.0 E-08 1.2 E-08
breathing rate
{Sv-m/Bg-s)
“YPu DCF (Sv/Bq) 8.0 E-05 6.0 E-05 | 4.8 E-05 4.7 E-08 5.0 £-05
““Pu DCF times 2.7 E-09 46E-09 | 61E09 |8&5E-09 1.1 E-08 1.3 E-08
breathing rate
{(Sv-m/Bg-s)
“Am DCF (SviBq) 7.2 E-05 6.9E-05 | 51E-05 |4.0E-05 4.0 E-05 4.2 E-05
“*TAm DCF tunes 2.4 E-09 41609 | 52E-09 | 7.1E-09 9.3 F-09 1.1 E-08
breathing rate
(Sv-m'/Bg-s)

Notes: DCFs for all isotopes except Y arc from [CRP-71, 1995, Age Dependent Doses 1o Members of the
Public from Intake of Radionuclides Purr 4 inhalation Dose Cocfficients, Annals of the International
commission on Radiation Protection, Volume 25, Number 3-4, Elsevier Science, Tarrytown, New York.
DCFs for MY are from [CRP-72, 1996, Age Dependont Doses to Members of the Public from Intake of
Radionuclides Part 3 Compilation of {ngestion and Inhalation Dose Coefficients, Amals of the International
Commission on Radiation Protection, Volume 20, Number 1, Elsevier Science, Tarrytown, New York.

*Breathing rate for different ages (rom Table 6 of ICRP-71.

DCF - dose conversion factor,
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e ICRP-68 presents data for two clearance classes, F and S, for ®Sr. The S class DCF
is larger. The class F DCF is used because only one strontium compound has S
characteristics (SrTi0;) and that compound is not expected to be found in Hanford
Site waste. ICRP-72 gives data for three clearance classes: F, M and S. ICRP-71
recommends the use of the M class unless specific data are known. The M class data
from ICRP-71 were used in Table B2-2. Thus, the *°Sr calculations for onsite
workers and offsite public are based on different clearance classes.

e The F clearance class is recommended in ICRP-71 for '*’Cs. F data are used for this
isotope.

e Data for *°Y and "**Eu are not included in ICRP-71. Maximum DCFs were taken
from ICRP-72 for *°Y and '**Eu.

The first bullet above indicates that the doses to the adult are larger than the doses to children.
This conclusion is supported by the following calculation for doses due to inhalation of a given
isotope:

D =(Q) (X/Q) (BR) (DCF)

where
D = dose to the receptor
Q = amount of a given isotope released
X/Q' = the atmospheric dispersion coefficient
BR = breathing rate
DCF = dose conversion factor for the isotope.

The doses are proportional to the breathing rate times the DCF. The product of the average
breathing rate and the DCF is given in Table B2-2 for receptors of various ages for the isotopes
that are significant contributors to the inhalation dose. The dose to adults is the largest with two
exceptions:

1. The dose to the 15-year old is about 25 percent higher than the dose to the adult
for °Sr

2. The doses for °°Y for all the younger ages are significantly larger than the doses for
adults.

It can, however, be seen from examining the tables of the attachment to Letter CO-00-RPP-270,
Deliverable for Contract 4976, Release 8, Updated Dose Methods (L-03) (Brevick 2000), that
ULDs are dominated by the transuranics. The adult dose is largest for the transuranics.
Yttrium-90 is a relatively small contributor to the dose (about 1 percent or less). Strontium-90
can contribute up to about 48 percent of the dose for single-shell tank (SST) solids. The
remainder is almost all from transuranics. The adult doses from transuranics are about
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20 percent higher than the closest dose to children. The use of the adult doses for comparison to
risk guidelines is therefore reasonable.

The data in Table B2-2 indicate that the usc of adult data for comparison to risk guidelines is
rcasonable.

The DCFs for offsite adults from ICRP-71 are given in Table B2-3. The data from [CRP-68 for
t-um-diameter particles are also repeated in this table for comparison.

Table B2-3. Adult Dosc Conversion Factors [or Offsite Receptors.

ICRP-71* Dose ICRP-68" 1 um Dose
Isotope Conversion Factors Conversion Factors
(Sv/Bq) (Sv/Bq)
“Co 1.0 E-08* 2.9 E-08
gy ’ 3.6 E-08* 24 E-08
oy 1.5 E-Q0*** 1.5 E-09
Ve 4.6 B-09** 4.8 E-09
BT 5.3 B-0g*** ) 5.0 E-08
Np 2.3 E-05* 21E-05
T 4.6 E-05* - 4.3 E-05
py, 5.0 E-05%  47E-05
Hip, | 0.0 E-07% " 8. SE-07
Ham 4.2 E-05* 3.9 E-05
2Hem 2.7 E-05* ) 2 5E-05

CRP 71, 1995, Age Dependent Doses to Members of the Public from Intake
of Radionuclides Part 4 Inhadation Dose Cocfficients, Annals of the International
Coemmission on Radiation Protection, Yolume 25, Number 3-4, Elsevier Science,
Tarrytown, New York.

“ICRP-68, 1994, Dose Coefficients for Intukes of Radionuclides by Workers—
Replacenent of ICRP Publication 61, Annals of the International Commission on
Radiation Protection. Volume 24, Number 4, Elsevier Science, Tarrytown, New York.

*(ass M data
** (Class I data

%% Maximum value trom ICRP-72 1996, Age Dependent Doses 1o Members
of the Public from hmtake of Radionuclides Part 5 Compitation of Ingestion und
Inhalation Dose Cocfficients, Annals of the International Commussion on Radiation
Protection, Velume 206, Number |, Flsevier Science, Tarrytown, New York.

The DCFs from ICRP-71 and ICRP-72 are slightly larger for most isotopes than the DCFs from
ICRP-68. The ™St DCF is larger because of the difference in clearance class. The remaining
differences may be caused by the differences in the number of years used to compute the doses.
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B2.3 BREATHING RATE

Table 1 of ICRP-68 derives a breathing rate for light work assuming the individual spends

2.5 hours sitting with a breathing rate of 0.54 m’/h and 5.5 hours at light exercise with a
breathing rate of 1.5 m’/h. The total quantity breathed in 8 hours is 9.6 m’, giving an average
breathing rate of 3.33 x 10™ m*/s. This is the light-activity breathing rate that is used in the
FSAR (HNF-SD-WM-SAR-067). While the peak breathing rate is higher, use of the light-
activity value is reasonable since it reflects an average of typical activities during a working day.

Table 6 of ICRP-71 indicates that the breathing rate for the offsite adult receptor is calculated
assumning the receptor spends 6 hours sitting at a breathing rate of 0.54 m’/h, 9.75 hours at light
exercise at a breathing rate of 1.5 m’/h, 0.25 hours at heavy exercise at breathing rate of

3.0 m’/h, and 8 hours sleeping at a breathing rate of 0.45 m’/h. The total air breathed in 24 hours
is 22.2 m’ for an average breathing rate of 2.57 x 10 m%s. This is an average breathing rate.
Since many releases in the FSAR (HNF-SD-WM-SAR-067) are considerably shorter than

24 hours, it is conservative to use the light-activity breathing rate for short releases, but the

2.57 x 10™ m*/s should be used for releases of 24 hours or longer.

B3.0 AVERAGE DOSE CONVERSION FACTORS
FOR ALPHA EMITTERS

Sample data from the tanks frequently give total alpha activity rather than activity from specific
isotopes. A calculation of the effective DCFs for all the alpha-emitting isotopes was made using
the DCFs from ICRP-26 (HNF-4754). This calculation has been repeated using the DCFs from
ICRP-68 for the onsite worker and the DCFs from ICRP-71 for the offsite receptor. These DCFs
can be used with the total alpha activity in the same way that the DCF's for specific isotopes are
multiplied by the isotope activity. Effective DCFs for the alpha-emitters for each composite are
calculated using the following formula:

DCFr = % (DCF) (A)

2 (A)
where
DCF.s = effective dose conversion factor
DCF; = dose conversion factors for the ith isbtope
A = activity of the ith isotope.

The principal alpha-emitting isotopes include **’Np, ***Pu, #**Pu, **' Am, and ***Cm. The results
are summarized in Table B3-1 and the detailed calculations are shown in Table B3-2 for the
onsite worker using DCFs from ICRP-68 for both 1-pm and 5-um AMAD and in Table B3-3 for
the offsite receptor using DCFs from ICRP-71. These calculations are based on isotope
concentrations given in WHC-SD-WM-SARR-016. These concentrations may vary for future
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analysis. It can be scen from Table B3-1, however, that the effective DCF is relatively
inscnsitive to the specific isotope concentrations. The usc of the average DCFs for computing
doscs from the total alpha is therclore reasonable.

Table B3-1. Effective Dose Conversion Factor for Alpha Emitters for Different Composites
Based on Dosc Conversion Factors from [CRP-68 and ICRP-71.

Effective DCF for | Effective DCF for Effective DCF
Tank Waste Alpha- | Tank Waste Alpha- T ;c‘;:r € te Al l{:r
Composite Emitters from Emitters from all;lmi tt:isefropm a-
P ICRP-68* for 5-um | ICRP-68" for 1-um .
ICRP-71° for Adults
AMAD AMAD (Sv/Bqg)
(Sv/Bq) (Sv/Bq)
Single-shell tank liquids 2.92 E-05 4.26 E-05 4.56 E-05
Single-shell tank solids 2.97 E-05 4.32 E-05 4.61 E-05
Double-shell tank liquids 2.79 E-05 4.04 E-05 4.34 E-05
Double-shell 1ank solhids '2_.88 E-05 419 E-05 449 E-05
Average 2.90 E-05 i 4,20 E-05 450 E-05
ICRP-68, 1994, Dose Cocfficients for Intakes of Radionuclides v Waorkers --Replacement of I[CRP

Publication 61, Annals of the International Commission on Radiation Protection, Volume 24, Number 4, Llsevier
Science, Tarrytown, New York.

PICRP-71, 1995, Age Dependent Doses to Members of the Public from Intake of Radionuclides Part 4
Inhalation Dose Coefficients, Annals of the International Commission on Radiation Protection, Volume 25,
Number 3-4, Elsevier Science, Tarrylown, New York,

AMAID —activity median aerodynamic diameter.

DCF - dose conversion factor.

The ICRP-68 1-pum data arc shown for information. The average DCF of 2.90 x 107 Sv/Bq was
used for the ICRP-08 5-pm data, and the average of 4.50 x 107 Sv/Bq was used for ICRP-71
DCF. The concentrations were bascd on the worst-case-tank composite concentrations.
Calculations of tank-by-tank concentrations may result in slightly different DCFs. However, it
can be seen from Table B3-1 that the variations in different composites are small. Usc of the
average for all the tank-by-tank composites is therefore reasonable.
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for the Onsite Worker. (2 sheels)

. . 5-pm AMAD 1-pym AMAD
Activity/L
Isotope |~ p o p) DCF DCF Activity DCF DCF* Activity
(Sv/Bq) (Sv/L) (Sv/Bq) (Sv/L)
Effective DCF for Single-Shell Tank Liquids
“Np 0.00 E+00 1.5 E-05 0.00 E+00 2.1 E-05 0.00 E+00
Bpy 9.21 E+04 3.0 E-05 2.76 E-00 43 E-05 3.96 E-00
2py 3.62 F+07 32 E-05 [.16 E+03 4.7 E-05 1.70 E+03
M Am 4.23 E+07 2.7 E-05 .14 E+03 3.9 E-05 1.65 E+03
2, 423 E+05 1.7 E-05 7.19 E-00 2.5 E-05 1.06 E+01
Total 7.90 E+07 231 E+03 B 3.37 E+03
Effective DCF(Sv/Bq) 2.92 E-05 4.26 E£-05
Effective DCF for Single-Shell Tank Solids
“'Np 3.02 E+07 1.5 E-05 4.53 E+02 2.1 E-05 6.34 E+02
“py 1.87 E+08 3.0 E-05 5.61 E+03 4.3 E-05 8.04 E+03
20py, 4.40 E+08 3.2 E-05 141 E:04 4.7 E-05 207 E104 |
HAm 229 E+08 27E-05 | 618 E+03 3.9 E-05 8.93 F+03
HCm 2.29 E+06 1.7 E-05 389 E101 2.5 E-05 5.73 E+01
Total 8.88 E+08 . 2.64 E+04 ' 3.83 E+04
Effective DCF (Sv/Bq) 2.97 E-05 4.32 E-05
Effective DCF for Double-Shell Tank Liquids
Np-237 | 230 E+05 1.5 B-05 3.45 E-00 2.1 E-05 4.83 E-00
2Rpy, 1.78 E+06 3.0 E-05 53401 4.3 E-05 7.65 E+01
29py, 7.65F+06 | 3.2 E-05 2.45 E+02 4.7 E-05 3.60 E+02
2 Am 3.40 E+07 2.7 E-05 918 E+02 3.9 E-05 1.33 E+03
2 1.22 E+05 1.7 B-05 2.07 E-00 2.5 E-05 3.05 E-00
Total | 438 E+07 1.22 E+03 1.77 E+03
Effective DCF (SV/Bq) 279 E-05 4.04 E-05
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Table B3-2. Calculation of Eftective Dosc Conversion Faclor
for the Onsite Worker. {2 sheets)

. 5-um AMAD 1-um AMAD
Isot Activity/L - —
sotope (Bg/L) DCF DCY Activity DCF DCF* Activity
(Sv/Bq) (Sv/L) (Sv/Bq) - (Sv/L)
Effective DCF for Double-Shell Tank Solids

>"Np 8.11 E+05 1.5 E-05 1.22 E+01 2.1 E-05 1.70 E+01
Pu-238 7.15 E+07 3.0 E-05 2.15 E+03 4.3 E-05 3.07 E+03
*py 1.57 E+09 3.2 E-05 5.02 E+04 4.7 E-05 7.38 E+04
1 Am 2.71 E+09 2.7 E-05 7.32 E+04 3.9 E-05 1.06 E+05
*Cm 1.64 E+07 1.7 E-05 2.79 E+02 2.5 E-05 4.10 E+02
Total 4.37 E+09 1.26 E+05 1.83 E+05
Effective DCF (Sv/Bq) 2.88 E-05 4,19 E-05
Note: DCFs are calculated using methodology from ICRP-68, 1994, Dose Coefficienis for Intakes of
Readionuclides by Workers—Replacement of ICRP Publication 61, Annals of the International Commission on

Radiation Protection, Volume 24, Number 4, Elscvier Science, Tarrytown, New York.
AMAD - activity median acrodynamic diameter.
DCEF = dose conversion factor,

Table B3-3. Calculation of Effective Alpha Dose Conversion Factors for
Offsite Receptors. (2 sheets)

Isotope Activity/L ICRP-71* DCF - DCF Activity
(Bq/L) (Sv/Bq) (Sv/L)
| Effective DCF for Single-Shell Tank Liquids
“INp 0.00 E+00 2.3 E-05 0.00 E+00
238py, 921 E+04 | 4.6E-05 424 E-00
Hpy 3.62 E107 5.0 E-05 181 E+03
Ham 423 E+07 42 E-05 .78 E+03 |
24 423E+05 | 2.7 E-05 114 E+01
Total 790 EtO7 3.00 E+03
Effective DCF (Sv/Bq)  4.56 E-05
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Table B3-3. Calculation of Effcctive Alpha Dose Conversion Factors for
Oftsite Receplors. (2 sheets)

Isotope Activity/L ICRP-71* DCF DCF Activity
(Bg/L) (Sv/Bq) (Sv/L)
Effective DCF for Single-Shell Tank Solids
“"Np 3.02 E+07 2.3 E-05 6.95 E+02
2¥py,  187EH08 46 L-05 8.60 E+03
20py, 4 4.40 E+08 5.0 E-05 N 2.20 E+04
}i’i‘?}___ il 229 E+08 | 42 E-03 9.62E+03
““Cm 2.29 E+06 2.7 E-05 6.18 E+01
Total  8.88 E+08 ' 4.10 E+04 B
Effective DCF (Sv/Bq) | 4s1E-05 |
Effective DCF for Double-Shell Tank Liquids
“Np 2.30 E+05 2.3 E-05 5.29 E-00
238Dy K 178 E+06 46 E-05 810 E+01
py 7.65 E+06 5.0 E-05 383 E+02 -
>TAm 3.40 [+07 4.2 E-05 1 43 E403
M eom C122E+05 | 2.7E-05 320E00 |
Total | 438 E+07 N .90 E+03
Effective DCF (Sv/Bq) | 434E05 |
Effective DCF for Double-Shell Tank Solids
“Np 8.11 E+05 2.3 E-05 1.87 E+01
|2%py, 7.15 E+07 4.6 E-05 329E+03 R
“py 1.57 E+09 5.0 E-05 7.85 E+04
Am-241 2.71 E+09 42 E-05 1 114 E+05
Cm-244 i64E107 | 2.7 E-05 | 443 EH02
Total C437E+09 ] T

Ei_'rferctive DCF (Sv/Bq)

1.96 E+05

4.49 E-05

*CRP-71, 1993, Age Dependent Doses to Members of the Public from Intake of Radionuclides Part 4
Inhalation Dose Coefficients, Annals of ihe International Commission on Radiauion Protection, Volume 25,
Number 3-4, Elsevier Science, Tarrytown, New York.

DCF — dose conversion factor.
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B4.0 CONTRIBUTIONS FROM INGESTION, RESUSPENSION,
AND GROUND SHINE

A method for calculating ULDs that includes the contributions of ingestion and ground shine was
devcloped. This method assumes a 24-hour dose would occur hefore any food interdiction
and/or other corrective actions could be taken. The 24-hour ingestion dose is caleulated
assuming an acute, maximum individual scenario in which the receptor is assumed (o remain at
an agricultural residence for 24 hours following the passage of the radioactive plume, No direct
doses from the plume itsclf (i.e., inhalation and submersion) are included. The only
contaminated food the receptor 1s assumed to consume during the first 24 hours is freshly
contaminated vegetables and fruit (with holdup times set to zcro). There is enough delay in
preparation of grains (¢.g., making it into bread), and in uptake and incorporation of’
contamination by animals, that no consumption of contamination from these sources is cxpected.
The exposure pathways included are ground shine, inhalation (resuspended material only),
terrestrial food ingestion (Icafy vegetables and other vegetables and fruit), and inadvertent soil
ingestion. The calculations were made using the GENII computer code (PNL-0584). Ingestion
was calculated using the autummn scason, which maximizes the ingestion dose.

The inhalation and ingestion ULDs calculated in WHC-SD-WM-S5ARR-016 based on worst-case
tank inventories are shown in Tabic B4-1.

B4-1. Fractional Contribution for Twenty-Four-Hour Ingestion.

Inhalation ULD | Ingestion ULD*

Ingestion ULD Divided by

Composite (Sv/L) (Sv-mY/s-L) Inha;;::iatzt: iﬁ;gaflt“;mes
Single-shell tank liquids 1.1 E+04 0.052 0.018
Single-shell tank solids 2.2 E+G5 4.1 0.073
Double-shell tank liguids 6.1 E+03 0.068 (.043

5.3 E+05 (.48 0.0035

Double-shell tank solids

*Includes 24 hours of ingestion of lruits and vegetables, ground shine, inadvertent soil ingestion, and inhalation

ol material resuspended from the ground.
ULD = unit hter dose.

The dose from inhalation is given by

Dosc (inhalation) = Q x ULD(inhalation} x X/Q' x BR
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where
Q = amount released (liters)
ULD = unit liter dose (Sv/L)
X/Q' = atmospheric dispersion coefficient (s/m’)
BR = breathing rate (m’/s).
The dose from ingestion is given by
Dose (ingestion) = Q x ULD (ingestion) x X/Q'.

Note that the inhalation and ingestion ULDs are used differently since the dose from inhalation is
calculated by multiplying by breathing rate. The total dose 1s therefore

Dose(total) = Dose(inhalation) + Dose(ingestion)
= Q x X/Q x [{ULD(inhalation) x BR} + ULD(ingestion)]
Ingestion doses should be included only for the offsite receptor.

The inclusion of ingestion will increase the offsite doses by only a small amount in most cases.
For an acute breathing rate of 2.57 x 10™* m%/s, including the ingestion doses increases the total
dose from 0.35 to 7.3 percent in all composites based on worst-case tank inventories as analyzed
in WHC-SD-WM-SAR-067. It is recognized that the relative values of ingestion and inhalation
may change based on ULDs computed on a tank-by-tank basis. However, the tanks with the
largest inhalation doses have large contributtons from transuranics, which contribute only small
ingestion doses. The offsite inhalation doses are increased by a constant factor to compensate for
ingestion doses. A factor of 1.1 (10 percent increase in the offsite inhalation doses) is judged
adequate to compensate for the ingestion doses based on the data in Table B4-1. The total offsite
dose for inhalation plus ingestion is, therefore, given by

Dose = 1.1 (Q) (X/Q") (BR) (ULD).

B5.0 ANALYSES SUPPORTING THE SELECTION OF NUCLIDES
TO BE USED IN THE DOSE CALCULATIONS

Calculations with the ORIGEN computer code (ORNL-5621) based on reactor operating
histories identified over 100 nuclides that may be present in the tanks. The dose calculations are
based on total alpha plus *’Cs, *Sr, Y. It is therefore necessary to justify that the limited
selection of nuclides is adequate to support the conclusions in the FSAR
(HNF-SD-WM-SAR-067). This section presents data supporting the selection of the nuclides for
inhalation, ingestion, and direct external exposure.
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An independent selection of nuclides that would dominate doses has been made based on a
calculation of nuclides that were generated in the Hanford Site reactors and are expected to be
present in the tank. Calculations for inhalation doses are reported in Section B5.1, and
calculations for ingestion doses are reported in Section B5.2. The results support the conclusion
that the isotopes selected are the dominant isotopes for both phenomena.

B5.1 INHALATION DOSES

The isotopes that contribute significantly to the inhalation dose are determined by three factors:
1. The release fraction for the isotope
2. The inventory of the isotope
3. The dose produced by inhalation of a unit quantity of the isotope (i.c., the DCF).

The release fractions for most accident scenarios are taken from DOE-HDBK-3010-94. It is
assumed that these release fraction do not vary with isotope for a given accident scenario. The
variation in release fraction will therefore be neglected in determining the relative ranking of the
isotopes.

A figure of merit for each isotope can be determined by multiplying the isotope inventory by the
DCF. This figure of merit can be used to rank the isotopes that contribute most significantly to
the inhalation doses. A calculation of tank waste inventories has been made and is documented
in WHC-SD-WM-RPT-164, Inventories for Low-Level Waste Tank Waste. The calculation uses
the computer code ORIGEN (ORNL-5621) to calculate waste inventories in the tanks. The
isotope inventory is based on total radioactive waste generated in the Hanford Site production
reactors. Recovery efficiencies of 0.99 are assumed for uranium and 0.995 for plutonium based
on historical measurements. The reactor production values for '*’Cs were reduced by 0.55 and
the values for *°Sr/*®Y were reduced by 0.77 to account for removal of these isotopes from the
tanks. The cesium and strontium isotopes that were removed have been encapsulated and are
now stored in basins at the Waste Encapsulation and Storage Facility. Recent information
indicates the ***Cm data has been overpredicted by ORIGEN by a factor of 8.64

(Schwartz 1996). The 2%Cm concentration in Table B5-1 is therefore a factor of 8.64 lower than
that given in WHC-SD-WM-RPT-164.

DCFs are taken from ICRP-72. A solubility class of "M" was chosen for most nuclides, which is
recommended by ICRP-71 when no additional data are available. Solubility class "F" was used
for cesium isotopes as recommended in ICRP-71. The inhalation DCFs are multiplied by the
inventories for all isotopes with an inventory of 1 Ci or more. The isotopes, DCFs, and products
are shown in Table B5-1 for all isotopes with an inventory of more than 1 Ci.

The data in Table B5-1 are in descending order by products of inventory times DCF (column 4).
Since the activities are in curies and the DCFs are in sieverts per bequerel, the product is
multiplied by 3.7 x 10" Bg/Ci to put the numbers on a consistent unit basis. Column 5 contains
the quotient of each entry in column 4 divided by the sum of column 4 entries. The sum of the
column 4 entries is the dose from inhalation of the entire inventory of the tank farms. The
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column 5 numbers arc therctore a fraction of the total dose contributed by cach isotope.

Column 6 1s a running sum of column 5, giving the cumulative dose fraction in descending order.
That is, the "“Sr dosc is 37.1 percent of the total dose, and the *"Pu dosce is 20.4 percent of the
total dose. The total fraction of the dosc from these two isotopes is therefore 63.5 percent of the
total as listed 1n column 6.

Column 7 contains a marker identifying key isotopes used in WHC-SD-WM-SARR-016. A "T"
indicates that this isotope is one of the three isotopes that are tracked n detail in
WHC-SD-WM-ER-400, Tunk Waste Source Termt Inventory Validation. A "G" indicates that the
isotope 1s one of the other isotopes that emits alpha particles and is therefore included in gross
alpha. The following conclusions can be drawn from the Tahle B5-1.

e  The tracking of gross alpha plus the threc isotopes covers about 97 percent of the
total dose.

e The difference in the dose 1s much less than the conservatism associated with
devclopment of the source term and release fractions. Negleeting the 1sotopes not
included the tracked list will not affect the conclusion that the FSAR dose
calculations bound actual conditions in the tanks.

Table B5-1. Relative Inhalation Doscs from [sotopes Based on
ORIGEN Prediction of Tank Inventortes. {4 sheets)

.| 1cRP71* | DeFx | DCFx Activity D(I;;‘a:t:;iﬁty
Isotope | VY | hep | Activiy | Divided by Divided by Key |
() svB)) | v |, le’:‘:::;vi o Total Isotope
DCF x Activity
"Sr } 8.64 E+07 | 3.60E-08 | L.15 E+L1 3.71 E-01 037110 T
by 443 F+04 | SO0E-05 | 820E+10 |  264E-01 | 063547 | G
mﬂwhs?{ E+04 | 4.20E-05 [ 8.06 E+10 200601 | 0.89526 G
Weg 716 E+07 | 460 B-09 | 122 E+10 | 3.93 E-02 1 oo03asz T
ey | 148 E405 | 9.00 E-07 | 494 E+09 | 1.59 E-02 0.95046 |
Yy BO4E107 | 140E-00 |448E+00 | 144E-02 | 0vedsy | T
| LS2E+03 | 4G0E-0S | 429E+00 | 138E02 | 097872 [ G |
e [ 8278005 | 3.60E-08 | 1.10 E+09 1 3ss E03 | 098228 | |
"pm S48 E406 | S5.00E-09 | 1. 0l E+O‘) 3.27 E-03  0.98555
YPa | 1450402 %yl J0E-04 | 7.52E+08 | 243603 | 098797 G
00Ry 6.30 E+05 | 2.80E-08 | 0.59 E+08 |  2.12 B o | o900 | |
Pac | 752E+01 | 220E-04 | 6.12B+08 |  19TE-03 | 099207 G
TSt by | 3550 | 1dokes [ womes ]
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Relative Inhalation Doses from Isotopes Bascd on
ORIGEN Prediction of Tank Inventortes, (4 sheets)

. | ICRP-T1* | DCFx | DCF X Activity Dgéaﬁtﬁiﬁty
Isotope | ~CHYIY DCF | Activity | Dividedby Divided by Key
(€D (Sv/Bq) & |, le’:‘:::;vi o Total Isotope
DCF x Activity
Cm | 468E+02 | 270E-05 | 468 E+08 | 151 E-03 |  0.99533
ISy 232E105 | 530E-08 | 454E+08 | 146E-03 | 099680 |
mAm | 186E+02 | 370E-05 | 254E+08 |  819E-04 | 099762
Mh | 120E+02 | 320E-05 | L43E+08 |  4.02E-04 | 0.99808
Np | 74SE10) | 230B-05 | 6.34E+07 |  204E-04 | 099828
254 EH05 | 6,60 E09 | 620E+07 | 200B-04 0.99848
3.40 B+05 | 4.80 E- 0()#_({_0_‘:1 E+07 | 195E-04 | 0.99868
430 Br02 | 3.60 E06 STIEH0T | LBSE-04 0.99886
"339EB+01 | 4.10E-05 | 5.14E+07 | 1.66 E-04 0.99903
| 199Er05 | 6.90 E-09 ?07&:07 163 E04 | 099919
o T oo B4 | 520E08 | S02EH7 | 16 E04 | 099935
oo Dk Biper| L | oo
IASEr02 | 7.80E-06 | 330E07 | 1.07 E-04 0.99959
YU | 296Er02 | 290E-06 | 3U8E+07 | LO2E-04 | 099969 |
741E0L | 850E-06 | 233E+07 | 7.52E-05 | 0.99976 G |
a | 752E+01 | 7.40E-06 | 206 E+07 |  6.64B-05 0.99983 B
L 120Er02 [ 300E06 [ 134EH07 | 433 B0 0.99987
e | 828E04 | 340E09 | 104 Er07 | 336E05 | 099991 |
1 268 E100 | 450E-05 | 447 E+06 | 144E-05 | 099992 | G
[ 2740+04 | 400E-09 | 406Ef06 | 131E05 | 099993 | |
2STER03 | 420E-08 | 399E+06 | 129805 | 099995 | |
m | LG4 EH01 | 520E-06 | 306E406 |  102E-05 | 0999 | G
o | 924E103 | 1O0E08 | 277E+06 | 894 F-06 | 099997 |
1504 E103 | 100008 | 186 E06 | 601 E-06 | 099997 |
1560100 | 310F-05 | 1.79E406 | S577E-06 | 099998 | G |
1 1581105 | 280FE-08 | 1.64 E+06 | S528E-06 | 099998 | |
U 122F400 | 3H0E06 | TA0ER06 | 4SLE06 | 099999 |
U210 E02 | L70E-07 | 7.61 E+05 | 2.45E-06 099999
[ 827E+05 | 180E-11 [S5IE+05 [ LTRE06 | 099999 _"_'4i



Table B5-1.
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Relative Inhalation Doses from Isotopes Based on

ORIGEN Prediction of Tank Inventories. (4 sheets)

. | ICRP-TI* | DCFx | DCFx Activity Dg;a:t:;itgw
Isotope | MY | DCF | Activity | Diided by Divided by Key |
. (Sv/Bq) &v) DCFS :lzgt::vity Total ieotope
DCF x Activity
3H 274E05 | 450E-11 | 457E+05 | 147 E-06 0.99999
gy | 0.22E+03 | 220E-09 | 411 E+05 | 132 E-06 0.99999
28R4 3.30 E+00 260 E-06 | 3.17E+05 | 1.02 E-06 1.00000 G
INi 191 104 | 480 E-10 | 2.74E105 | 885 E-07 1.00000
SRe 1.89 h+()4 380 B-10 | 2.16 E+05 | 9.90 E-07 1.00000
20 [ 121 E+02 | 3.10E-08 | 1.39E+05 |  4.48 E-07 1.00000
Mam | 18SE+02 | 170 E-08 | 116 E+05 |  3.75 [-07 1.00000
| Pse 1.03 E+03 | 2.60 E-09 "9 90 B+04 | 3.19 E-07 1.00000
24T, 290 E+02 | 6.60 E-09 | 723 E+04 | 233 E-07 1.00000
“UNb | 346 E+03 | S.A0E-10 | 653 E+04 | 2.11 E-07 1.00000
e (745E+02 | 200E-09 | S51E104 | 178 E-07 1.00000
129 6.62 E+01 | 150 E-08 | 3.67E+04 |  LISE-07 1.00000
MPm 441 B101 | 210E08 | 343604 | LI0E-07 1.00000
B pp, 7.52 E+01 | LIOE 08 | 3.06 E+04 | 9.87 E-08 100000
Cs LO9 E+03 | 6.90 E-10 | 2.77 E+04 8.94 E-08 1.00000
mAg | 9.82E401 | 760E-09 | 276 E104 | 8.90 E-08 1.00000
120gy, 221 E+02 | 280 E-09 | 229E+04 | 738 E-08 1.00000
B0sn | 860 E+01 | 450E-09 | 116 EH04 | 374 E-08 100000
py 748 E+01 | 330 B-09 | 9.14 E+03 | 2.95 E-08 1.00000
2y [ 206 E+02 | 3.80E-10 | A16E+03 | .34 E-08 1.00000
A | 340EH00 | 1L70EO8 | 214EH03 | 6.89 B09 1.00000
29Np 339 E+01 | 930E-10 | 117E+03 | 3.76 B-09 1.00000
27$n LOVEH2 | 130 E-10 | 9.09E+02 | 290 B-09 100000 B
N 186 E+02 | 130E-10 | 725Ei02 | 234 E-09 1.00000 h
239y 738 E+02 | 220 E-11 | 601 E+02 | 194 E-09 L 00000
iRy, 220 E400 | 6.90E-09 | 5.62E+02 |  181E-09 | 100000
| 10py 102 E-+02 8, S0 E-11 | 321 E 02| 1.03 E-09 100000
0 [ 367E100 | 170E-09 | 331 E¢02 | TA4E-10 1.00000
2 } 122401 | 300610 [ 140Em2 | 45TE-10 | 100000 ]
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Table B5-1. Relative Inhalation Doses from [sotopes Based on
ORIGEN Prediction of Tank Inventories. (4 sheets)

\ Fraction of
.| 1cRP-711* | peFx | DEEF X ACUVIY | fyop o ctivity
‘ Activity L. Divided by . Key
Isotope . DCF Activity Divided by b
(CH) Sum of Isotope
(SviBg) V) beF x Activi Total
%Y | DCF x Activity
" Gd LI E+00 | 2.10 E-09 | 8.60 E+01 2.77 E-10 1.00000
Iy 1.04 E+00 | 890 E-10 | 3.41 E+01 .10 E-10 1.00000
Note:  These doses are based on predictions of tank inventories created using the ORIGEN computer code, which is

documented in QRNI.-5621, 1980, ORIGEN2—A Revised and Updated Version of the Oak Ridge Isotope Generation
and Deplerion Code, Oak Ridge National Laboratory, Oak Ridge, Tennessee.
ICRP-71, 1995, Age Dependent Doses to Members of the Public from Intake of Radionuclides Part 4

Inhalation Dose Coefficients, Annals of the Inernational Commission on Radiation Protection, Volume 25, Number 3-4,
Elsevier Science, Tarrytown, New York,
™1 indicates an isotope that is tracked. G indicates isotope is included in gross alpha.

B5.2

A figure of merit was calculated [or ingestion doses using a method similar to that uscd to

DCT - dose conversion factor.

INGESTION

calculate the inhalation doscs except the calculated activity in the tanks was inserted into the
GENII code (PNL-6584), and ingestion doses were then calculated bascd on ingestion of fruits
and vegetables. The activitics were adjusted as discussed in Section B5.1. The doses were based
on the autumn scenario, which maximizes ingestion dose. The ingestion doses were computed
using the same assumptions as the 24-hour ingestion dose described in Scction B4.0. The dose

contribution from leafy vegetables, other vegetables and fruit, and inadvertent soil ingestion were
inciuded. The results are shown in Table B5-2. The five most significant isotopes arc all tracked
isotopes and contribute over 99 percent of the dosc. The results support the selection of the
1sotopces used.

Table B5-2. Relative [ngestion Doscs Based on Origin Prediction of Tank Inventory. (4 shects)

Ingestion Dose ¥raction of Sum of
Nuclide & Fraction of Key Isotope*
(rem) Total Dose
Total
NGy 5.0 E+06 6.9 E-01 0.6905 T
Bics 1.6 E+06 2.2 E-0l 0.9114 T
Yy 4.4 E+05 6.1 B-02 0.9722 T
am 9.0 E+04 1.2 E-02 0).98406 G
29y, 7.5 B+04 1.0 E-02 ().9950 G
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Table B5-2. Relative Ingestion Doses Based on Origin Prediction of Tank Inventory. (4 shects)

. Ingestion Dose Fraction of ‘ Sun} of
Nuclide (rem) Total Dose Fraction of Key Isotope*
Total

e 6.9 E+03 9.5 E-04 0.9959

Ry, 5.9 E+03 8.1 E-04 0.9968

e 5.5 E+03 7.6 E-04 0.9975

Hipy 4.7 E+03 6.5 E-04 0.9982

238py 3.8 E+03 5.2 E-04 0.9987 G

“Tpm 2.4 E+03 3.3 E-04 0.9990

"meg 2.0 E+03 2.8 E-04 0.9993
Mgy 1.0 E+03 |4E-04 | 0.9994

Bipy 7.0 E+02 9.7 E-05 0.9995

Sigm 6.8 E+02 9.4 E-05 0.9996

27 A 5.0 E+02 6.9 E-05 0.9997 G
HCm 4.4 E+02 6.1 E-05 0.9998 G

'°Sh 4.0 E+02 5.5 E-05 0.9998

*Am 3.2 E+02 4.4 E-05 0.9998 G

Np L9E+02 | 2.6 E-05 0.9999 G

Sy 1.4 E+02 1.9 E-05 0.9999 o

25T e 1.3 B+02 1.8 E-05 0.9999

"“Co 1.1 E+02 1.5 E-05 0.9999 i

129 7.8 E+01 I.1E-05 0.9999

2y 68 E+01 | 9.4 E-06 0.9999

o 5.9 E+0| 8.1 E-06 10000

Am 5.8 E+0I 8.0 E-06 " 1.0000 G

234y 4.0 E401 5.5 B-06 10000

28 3.7 E+01 5.1 E-06 1.0000

H4ipy 31E+01 | 43F-06 1.0000

" Te 2.9 B0l 4.0 E-06 1.0000

2T 23 E10I 3.2 E-06 1.0000 -

120Gy 15 B+ 2.1 E-06 10000

*2Ra 9.4 E+00) 1.3 E-00 1.0000 G )

2Ry, 7.8 E+00 1.1 =00 Loooo |

*H 76 EH0 1.0 B-06 o000 |

“*Ra 7.4 E4+00 CLOE06 10000 G
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Table B5-2. Relative Ingestion Doses Basced on Origin Prediction of Tank Inventory. (4 shects)

. Ingestion Dose Fraction of Sun‘n of
Nuclide (rem) Total Dose Fraction of Key Isotope*
Total
STEH00 | 7.0E-07 1.0000
| 49EW00 | 68E07 "'“1"Hiiﬁ_"t’w"y
20m 1 47Ew00 6.5B-07 | 1.0000 G
ze | 39E+00 | 54007 Looco |
'''''''''' C39EH00 | S54E07 | 1.0000 -
| 36EH0 | S.OE07 Loooo |
35EH00 | A8E07 roooo | 6 |
T 2sE00 | 39807 [ 10000 ]
27E400 | 37E07 o000 |
o 1.9 E+00 2.6 E-07 L0000
R L0 | 26507 | Lowo
: | isevo0 | 20507 | 1oooo |
136100 | 18E07 [ oo |
] 3Ew0 | 18E07 o000
b | E@o::@@: oo |
"M A g 9.9 E-01 1.4 E-07 1.0000
] ssEo0l | 12807 | 1oooo |

18E()l

3 E-01

”"“‘Sb o 6.9 E-02
gy T saEB02
Cingn T b2E02
N | s2E02
2, 34E02
Psn | 29Fm
NG 1.9 F-02
BTy 7.7 E-03
e T ssE03
Wy T sapm
Fac | 33pm

’? 5 E-08 i ()00()
1.8 E~08 1. UU()O

1.8 E-08 10000
O 98E09 | 10000
C9SE00 | 1.0000 ]
CRSE-09 | 10000
 SG6E-09 10000 | -
C72E09 | tooo0 |
C4TE09 | L0000
C40E-09 | 10000
 206E-09 1.O000
LB | oo |
C76E-10 | roo00 |
C75Ed0 | rtoooo ||
406 E-10 o000
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Tabic B5-2. Relative Ingestion Doses Based on Origin Prediction of Tank Inventory. (4 sheets)

. Ingestion Dose Fraction of Sun.1 of
Nuclide (rem) Total Dose Fraction of Key Isotope*
Total
R, 1.9 E-03 2.6E-10 1.0000
. 18 b0 2.5 E-10 1.0000
e L1E-03 1.5 E-10 1.0000 ]
Y 8.9 E-04 12E-10 1.0000
Bp, 1 50E.04 6.9 E-11 T 0000
S 18 E-04 52 E-11 1.0000
Total 72EH06 | _

* T indicates an isotope that is tracked, G indicates isotope is included in gross alpha.
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INTRODUCTION

The Tank Waste Characterization Program has taken many core samples, grib samples, and
auger samples from the single-shell and double-shell tanks during the past 10 years.
Consequently, the amount of sample data available has increased, both in terms of quantity of
sample results and the number of tanks characterized. More and better data is available than
when the current radiological and toxicological source terms used in the Basis for Interim
Operation (BIO) (FDH 1999a) and the Final Safety Analysis Report (FSAR) (FDH 1999b)
were developed. :

The Nuclear Safety and Licensing (NS&L) organization wants to use the new data to upgrade
the radiological and toxicological source terms used in the BIO and FSAR. The NS&L
orpanization requesied assistance in producing a statistically based process for developing the
source terms. This report describes the statistical techniques used and the assumptions made to
support the development of a new radiological source term for liquid and solid wastes stored in’
single-shell and double-shell tanks.

The results given in this report are a revision to similar results given in an earlier version of
the document (Jensen and Wilmarth 1999). The main difference between the results in this
document and the earlier version is that the dose conversion factors (DCF) for converting
nCi/g or pCi/L to Sv/L (sieverts per liter) have changed. There are now two DCFs, one based
on ICRP-68 and one based on ICRP-71 (Brevick 2000). '

1.0 SUMMARY

Estimates of unit liter doses (ULDs) for waste in the single-shell tanks (SSTs) and double-shell
tanks (DSTs) were computed based on recent sampling data from the tanks. The units for a
ULD are sieverts per liter (Sv/L). The data was cbtained from the Tank Characterization
Database. There was sufficient data to estimate a ULD for 54 (57) SSTs with solid samples,
23 (26) SSTs with liquid samples, 15 (15) DSTs with solid samples, and 26 (27) DSTs with
liquid samples. The numbers in parentheses refer to the number of tanks with a ULD if
observations below detection limits are included.

If it is assumed that the tanks selected for characterization were selected at random, then the

. ULDs given in this document are unbiased estimates of the ULDs for all S8Ts and DSTs.
However, it may not be appropriate to assume that the characterized tanks were chosen at
random. Many of the tanks that were selected were chosen because they were known to
contain wastes that were of concern to Hanford’s unresolved safety questions and safety issues,
Consequently, if the data from the characterized tanks are an upper bound for all of the tanks
then the ULDs are also an upper bound for all tanks,

C-9
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The lognormal probability distribution was fit to the ULDs. ULD quantiles (Sv/L)
corresponding to the 95* and 99* percentiles of the lognormal distribution were computed.
The ULDs (Sv/L) corresponding to the 95/95 and 95/99 tolerance limits (TLs) were also
computed (the interpretation of the TLs are, we are 95% confident that at least 95% (99%) of
the population is less than the limit}, The ULD quantiles and TLs are compared to the ULDs
for the FSAR (FDH 1999b). In all but one cases, the ULD for the FSAR is greater than the
95™ and 99* percentiles of the lognormal distribution. The exception is that the FSAR is less
than the 99* for DST solid samples based on DCF ICRP-71, The FSAR is greater than the
95/95 TL except for ULDs based on DST liquid samples. They are less than the 95/99 TL
except for ULDs based on SST solid samples.

2.0 AVAILABLE SAMPLE DATA

The TCD (Tank Characterization Database) contains the waste characterization data from tank’
samples obtained since 1989. This database was the source of data used to estimate the ULD
for each waste storage tank.

From TCD, all of the data (zvailable in January 2000} for the following five isotopes were
obtained, ™ Cs, gross alpha, 2'Am, *™Sr, and ®Sr. There were a total of 12,603
observations, There were 3,475 observations from liquid samples and 9,128 from solid
samples. There were 141 cbservations on liquid samples with inconsistent units; e.g., 137
observations from liquid samples with units pCi/g, 3 with unit’s pg/L, and one observation
with no units. There were 115 observations with the “R” qualifier. The “R” denotes that the
observation is unusable. All observations with the “R™qualifier and inconsistent units were
deleted. The remaining 12,380 observations consisted of 3,357 on liquid samples and 9,023 on
solid samples. There were 998 observations on liquid samples that were below the detection
limits and 1,780 observation on solid samples below detection limits. The units are pCi/g or
#CVL. Not every tank had data from each of the five isotopes.

Estimates of the ULD were computed based on three methods for incorporating observations
that were below detection limits. First, all observations below detection limits were deleted.

In this case, the quantile estimates in the tables and figures apply to the proportion of the
population with analyte concentrations above detection limits. Figures 1 through 8, which
summarize the computations, are based on this method, Second, the below detection limit
observations were replaced by the detection limit, and third, the below detection limit
observations were replaced by zerc. Note that these three methods each introduce a bias into
the final results. A statistical comparison of the results given by each method indicates that the
differences are small. ‘

The ULDs were computed based only on the isotopes Cs and *Sr and on alpha, The validity
of this assumption is outlined in Sections 2.0 and 3.0 of Jensen et al. (1998) and in Table 3 of
WHC-SD-WM-SARR-037 (WHC 1996).

C-10
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2.1 TANK SPECIFIC RADIOISOTOPE CONCENTRATIONS

For each tank, the arithmetic mean (uCi/g or uCi/L) of the data for each of the five isotopes
was computed. The data from the different analytical procedures were combined. That is, the
data from the water, the acid and the fusion dissolution were combined.

The following methods were used to select the data used in the ULD calculations.
For ®’Cs: The mean of the 'Cs data was used.

For alpha: If available, the mean for gross alpha was used. If there was no mean for gross
alpha, the mean from *'Am was used.

For ®Sr: ¥ available, the mean for ®™Sr was used. If there was no mean for “™Sr, the mean
for *Sr was used. If there was a mean for both ®*Sr and *Sr, the mean of the combined data
was used.

Tables A-1 to A-12 in Appendix A list the means for *’Cs, for GA (gross alpha), and for Sr.
The tables are given by type of tank, SST and DST, and by type of waste, solid and liquid.
The values in Table A-1 to A-12 are slightly different from the corresponding tables given in
Rev. 0 of this document (Jensen and Wilmarth 1999), The reasons for the difference are that
additional tank sample data has been added to TCD and that in Rev. 0, observations on total
alpha (total alpha energy emitted from **Pu, ®Pu, *°Pu and *'Pu) were combined with gross
alpha. The observations on total alpha were not included in the results reported here.
However, for most tanks, the means reported in Appendix A of this document and in
Appendix A of Rev. 0 are identical. The tables in Appendix A also list the number of
observations available by analyte and the number of observations above the detection limit
(DL).

There are a total of 149 SSTs and 28 DSTs, and the ULDs can only be estimated for a subset
of the total number of tanks. The estimates of the ULDs given in this document are unbijased
estimates of the ULDs for all S8Ts and DSTs if it is assumed that the tanks with 2 mean for
17Cs, for alpha, and for ®Sr (Tables A-1 through A-12) are a random sample of the tanks.
Alternatively, if it is assumned that the tanks with a mean for ®’Cs, for alpha, and for *Sr are
an upper bound to the means for all of the other tanks, then the ULDs based on the sampled
tanks are an upper bound for the ULDs for all tanks,

There was insufficient data from TCD to compute a ULD for the two aging waste tanks 241-
AZ-101 and 241-AZ-102. However, some preliminary laboratory data was available from
recent tank samples. Table A-13 lists the summary means obtained from the TCD and the
preliminary samples. For tank 241-AZ-101, a ULD could not be computed based on sclid
samples. For liquid samples, 2 ULD was computed using the laboratory detection limit (DL)
for gross alpha as a quantitative value.
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2.2 TANK SPECIFIC UNIT LITER DOSE

The units of the means in Tables A-1 to A-12 are uCi/g or uCi/L.. The units for the ULD are
Sv/L. The conversions factors used are given in Table 1. The fourth and sixth rows of this
table are the dose conversion factors (DCF) for "'Cs, alpha, and *Sr. There are two DCFs,
the first is DCF based on ICRP-68 5um AMAD (DCF ICRP-68) and the second is the DCF
based on ICRP-7] adult (DCF ICRP-71). Itis assumed that the concentration for ™Y is the
same as that for ™Sr,

The dose conversion factors (DCF) given in Table 1 are different from the conversion factors
used in Rev. O of this document (Jensen and Wilmarth 1999).

3.70E+04 3.70E+04 | 3.70E+04
1.60E403 L60E+03 | L.60E+03

'The DCF for Sv/Bq are reported in the Anrachment 1o (Brevick 2000).

*The DCF for alpha is the mean of four values: SST liguid and solid and DST liquid and solid.

*The conversion g/1. from a weight basis to a liquid basis is given on page 7 of Brevick et al.
(1996).

From Table 1, the conversion from uCi/g to Sv/L for solid samples is
Sv/L = (uCi/g) x (Bg/uCi) x (g/L) x (Sv/Bq),
and for liquid sample the conversion from uCi/L to Sv/L is
Sv/L. = (uCi/L) x (Bq/uCi) x (Sv/Bq).
Using the DCF ICRP-68, for solid samples, the equations used to convert uCi/g to Sv/L are
Sv/L(*"Cs) =mean(*’Cs)x( 3.70E+04)x(1.60E+03)x(6.70E-09)
Sv/L(alpha) =mean(alpha)x(3.70E +04)x(1.60E+03)x(2.89E-05)
Sv/L(Sr+"Y) = mean(*Sr)x(3.70E +04)x(1.60E +03)x(3.00E-08+ 1. 70E-09).

For liquid samples, the equations used to convert nCi/L. to Sv/L are
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Sv/L{*"Cs) =mean(*"Cs)x(3.70E+04)x(6.70E-09)

Sv/L(alpha) =mean(alpha}x(3.70E+04)x(2.89E-05)

SV/L(OSr+"Y) =mean(*Sr)x(3.70E+04)x(3.00E-08 + 1.70E-09).




RPP-5924 REV 0

HNF-4534 Rev. 1

Using the DCF ICRP-71, for solid samples, the equations used to convert pCi/g to Sv/L are
SV/L(*'Cs)=mean(*'Cs)x( 3.70E+04)x(1.60E+03)x(4.60E-09)
Sv/L(alpha)=rmean(alpha)x(3.70E+04)x(1.60E+03)x(4.50E-05)

Sv/L{®Sr+"Y)= mean(®Sr)x(3.70E+04)x(1.60E+03)x(3.60E-08 +1.50E-09).

For liquid samples, the equations used to convert nCi/L to Sv/L are
SV/L(¥'Cs)=mean(**'Cs)x(3.70E+04)x(4.60E-09)

Sv/L(alpha) =mean(alpha)x(3.70E+04)x(4.50E-05)
SV/L(?Sr+™Y) =mean(®Stx(3.70E+04)x(3.60E-08+ 1. 50E-09).

The ULD is defined to be the sum of the Sv/L for the four isotopes. The ULDs, for each tank
and waste type, are given in Tables B-1, B-2, B-3, and B-4 in Appendix B. ULDs, for tanks
241-AY-101 and 241-AY-102, are included in Tables B-3 and B-4. These two tanks are
“aging waste tanks.” Tanks 241-AZ-101 and 241-AZ-102 are also “aging waste tanks.” The
ULD:s for these two tanks were computed using the data in Table A-13.

All of the statistical computations were performed using the computer program S-PLUS
(S-PLUS 2000). The S-PLUS functions written to convert uCi/g or nCi/L to Sv/L and to form
the ULD are listed in Appendix D.

3.0 LOGNORMAL DISTRIBUTION

Three probability distributions can be fit to the ULD data: a lognormal, a gamma, and a
Weibull. A goodness-of-fit test was used to test the appropriateness of the three distributions.
Based on the goodness-of-fit test, the lognormal distribution cannot be rejected for SST solid
samples and DST solid and liquid samples. At the 0.05 level of significance, the lognormal
distribution is rejected for SST liquid samples, The gamma and Weibull distributions are also
marginal for SST liquid samples.

These three distributions were also fit to ULDs used in the gas release event safety analysis
tool (Jensen et al. 1998). For that project, and for Rev. 0 of this document (Jensen and
Wilmarth 1999), the lognormal distribution was the recommended distribution. In addition,
tolerance limits can be computed for the lognormal distribution, but not for the gamma or
Weibull distribution (tolerance limits are discussed in Section 3.2). To be consistent with
Jensen et al. (1998) and since the lognormal distribution cannot be totally rejected, a lognormal




RPP-5924 REV 0

HNF-4534 Rev. 1

distribution is the recommended distribution for the ULDs. Even though the lognormal
distribution for the SST liquid samples was rejected, the statistical results will be based on the
lognormal distribution. Consequently, they should be used with caution.

The Jognormal distribution is defined as follows. A random variable X has a lognormal
distribution if Y= log(X) has a normal distribution. The lognormal density function has the

form

_ 1
f(x)——x\h—:r = exp{

0,x<0

_ (og(®) - w’
25°

},x>0

where u is the mean of Y =log(X) and & is the variance of Y =log(X). The unbiased
estimates of i and o are the sample mean, /4, and sample variance, &°, on the natural log

scale. Table 2 gives the estimates of the means and variances for the four types of samples.
The individual ULDs are given in Tables B-1 through B-8. The terms M1, M2, and M3 refer
to the three models for using observations below detection limits; that is, they refer to deleting
all observations below the detection limit, replacing the observations by the detection limit, and
replacing them with zero. As can be seen from Table 2, there is little change in the estimates
# and &’ between the three models. This means that there is little difference in the
lognormal distributions for the three sets of ULDs.

Table 2. Estimates of Means (log(Sv/L)) and Variances ((log(Sv/L))*) for the Lognormal

Distribution (2 sheets)

lid

57

i 54 57 23 26 26
i 6.55E+00 | 6.49E4+00 | 6.42E+00 | 4.26E4+00 | 4.34E+00 | 4.12E+00
&2 2.72E+00 | 2.62E+00 | 2.79E+00 | 3.35E+00 | 3.17E+00 | 2.89E+00
Solid Sampl ). il
Niren, Tanks 15 15 15 26 27 27
7 7.81E400 | 7.77E+00 | 7.72E+00 | 3.90E+00 | 3.81E+00 | 3.72E+00

5.24E400

5.34E+00

5.57E+00

2.86E+00

2.92E+00

2.99E+00

54 57 57 23 26

i 6.86E+00 | 6.80E+00 | 6.71E+00 | 4.15E+00 | 4.26E+00 | 3.93E+00

g’ 2.82E+00 | 2.72E+00 | 2.96E+00 | 3.13E+00 | 3.06E+-00 | 2.62E+00
7
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Table 2. Estimates of Means (log(Sv/L)) and Variances ({log(Sv/L))’} for the Lognormal
Distribution (2 sheets)

15 15 15 27 27
8.09E+00Q | B.O4E+00 | 7.96E+00 | 3.79E+00 | 3.69E+00 | 3.54E+00
5.71E4+00 | 5.86E+00 | 6.25E+00 | 3.03E+00 | 3.10E+00 | 3.17E+00

Q:J ™

The Kolmogorov-Smimov goodness-of-fit test was used to determine the appropriateness of the
lognormal distribution. If the level of significance is chosen to be 0.05, the lognormal
distribution cannot be rejected for SST solid samples and DST solid and liquid samples.

The appropriateness of the lognormal distribution for SST liquid samples is questionable.
However, for these samples, the gamma distribution is also questionable, and the Weibull
distribution only fits marginally well. The gamma distribution is also rejected for the SST
solid samples. The difficulty with fitting any probability distribution to the ULD SST liquid
sample data is that it appears to be bimodal. For this waste type, based on DCF ICRP-68, most
of the ULD values are around 100 Sv/1., and there are two extreme values around 1,000 Sv/L.
Based on DCF ICRP-71, most of the ULD values are around 70 Sv/L, and there are two
extreme values around 1,500 Sv/L. For the SST liquid sample, the statistical results will be
based on the lognormal distribution. However, they should be used with caution.

Figures ! through 8 are plots of the lognormal density functions for the four types of waste
listed in Table 2 using ULD.M1. Figures 1 through 4 are based on DCF ICRP-68 and Figures
6 through 8 are based on DCF ICRP-71. These plots are for the case when observations below
the detection limits are omitted. The plots for the other cases are similar. Superimposed on
these plots are histograms of the corresponding ULDs.

A probability density function is non-negative and integrates to one. The lognormal density
functions, Figures 1 through 8, do not integrate to one. They have been normalized so that
they can be viewed when superimposed on the histograms.

3.1 QUANTILES AND PERCENTILES

The ULDs in the FSAR (FDH 1999b), for the four types of waste, need to be compared to the
quantiles (Sv/L) corresponding to the 95® and 99* percentiles of the lognormal distributions
based on ULD M1. Table 3 lists these quantiles. The quantiles are the ULD.M1 values such
that 95% or 99% of the “population” is to the left of the value. The quantiles are also given in
Figures 1 through 8. Table 3 also lists the ULDs for the FSAR (FDH 1999b). Except for the
99% percentile for DST solid samples based on DCF ICRP-71, the FSAR ULD is greater than
the quantile corresponding to the 95 and the 99® percentiles of the lognormal distribution for
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each of the four types of waste and DCFs. The 95 and 99" percentiles of the lognormal
distribution using ULD.M2 and ULD.M3 are given in Table C-3 of Appendix C.

Table 3. Quantiles Corresponding to the 95* and 99** Percentiles of the
Lognormat Distribution based on ULD.M1 and th ULD

SST Solid Samples 54 1.06E+04 | 3.26E+04 | 2.20E+05
SST Liquid Samples 23 1.44E+03 | S.01E+03 | 1.10E+04
DST Solid Samples 15 1.07E+05 | 5.09E+05 | 5.30E+05
DST Liquid Samples 7.97E+02 | 2.53E+03 | 6.10E+03

1.51E+04 | 4.77E+

SST Solid Samples .20E+05
SST Liquid Samples 23 1.16E+03 | 3.88E+403 1.10E+04
DST Solid Samples 15 1.67E+05 | B.53E+05 5.30E+05
DST Liquid Samples 26 7.68E+02 | 2.51E+03 6.10E+03

These quantiles should be used with caution. The reason is that the lognormal density
functions are bases on estimates of the means and variances. These estimates are subject to
variability, and this variability is not incorporated into the estimates of the quantiles. Itis
difficult to compute confidence statements for the quantiles and for the density functions.
However, tolerance limits are similar to quantiles, and they incorporate the uncertainty due to
using estimates of the means and variances. Tolerance limits may be more appropriate than
the quantiles. They are discussed in the next section.

3.2 TOLERANCE LIMITS

A one-sided tolerance interval is a confidence statement regarding the proportion of the
population below a given limit. The advantage of using TLs is that a confidence statement is
part of the TL,; i.e., measures of uncertainty are in a TL and they are not in the quantiles.
These limits are based on the normal distribution. The limits are of the form 4+X & where
fand & are the sample mean and standard deviation on the log scale. The values of K are
tabulated (e.g., Table A-7 in Natrella 1963), they are a function of the number of observations,
the confidence level, and the proportion. The value exp(i+K ) is the tolerance limit for the
lognormal distribution,

The notation for a2 95% TL is 95/P were P is the proportion of the population. The
interpretation of the tolerance interval is that we are 95% confident that at jeast P% of the
population (distribution) is below the limit exp(i+Kd). Table 4 gives the values of K used to
compute the 95/95 and 95/99 TLs. The TLs (Sv/L) and the ULD for the FSAR (FDH 1999b)
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are given in Table 5. Figures 1 through 8 also plot the TLs and the ULD for the FSAR
(FDH 1999b) for the specific type of waste,

Table 4. Values of K for One-sided 95% Tolerance Limits

Propor 15 23 | 24
P=0.95 2.566 | 2.320 | 2.300 | 2.278 | 2.263 | 2.048 | 2.035
P=0.99 3520 | 3.206 | 3.181 | 3.139 | 3.120 | 2.841 | 2.824

'Natrella (1963), page T-15
*Estimated using linear interpolation

Table 5. One-Sided 95% Tolerance Limits for the Proportion P=0.95 and P=0.99
Based on the Lognormal Distribution for ULD. M1 and the FSAR ULD

SST Solid Samples 24 2.06E+04 | 7.63E4+04 | 2.20E405

SST Liquid Samples 23 5.4E+03 2.51E+04 1.10E+04
DST Solid Samples 8.82E+05 7.84E+06 5.30E+05
DST Liqui 6.10E+03

2 33E+03

2.99E+04

SST Solid Samples 54 1.14E4+05 2.20E+05
SST Liquid Samples 23 3.89E+03 1.84E+04 L.10E+04
DST Solid Samples 15 1.51E+06 1.49E+07 5.30E+05
DST Liquid Samples 26 2.31E+03 1.LO3E+04 | 6.10E+03

The FSAR ULD is greater than the 95/95 TL for all of the waste types except for DST solid
samples. The FSAR ULD is less than the 95/99 TL except for the ULDs based on SST solid
samples. The 95* and 99® percentiles and the 95/95 TL and 95/99 TL using ULD.M2 and
ULD.M3 are given in Table C-3 of Appendix C.

Figures 3, 4 and 7, 8 are the plots of the lognormal distributions for solid and liquid samples
for DSTs including the aging waste tanks 241-AY-101, 241-AY-102, 241-AZ-101 (liquid
samples) and 241-AZ-102 . A ULD could not be estimated for solid samples from 241-AZ-
101.

10
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All of the statistical computations and figures were completed using the statistical program
S-PLUS (S-PLUS 2000).

4,0 VALIDITY OF ASSUMFPTIONS

To compute a ULD for a tank, there had to be sample data for each of 'Cs, alpha, and ®*sr.
There were many tanks with sample data from at least one of *Cs, alpha, or "™Sr, but the
data were not used to compute a ULD, In addition, three different models were used to
incorporate cbservations below the detection limits. This section reports statistical results that
compare "*’Cs, alpha, and *Sr tank means based on the available data and the subset of the
data used to comnpute the ULD. There is also a statistical comparison of the ULDs computed
from the three models.

Tables A-1 through A-12 in Appendix A list the means for *’Cs, alpha, and *Sr for each of
the four waste types, by tank and by the model for cbservations below the detection limits.
Since all three of *’Cs, alpha, and **Sr are needed to compute the ULD for a tank, only a
subset of the data in these twelve tables was used to compute the four tables in Appendix B.
For a given analyte and waste type, all of the available data can be compared to the subset used
to compute the ULD by comparing means, comparing variances, and by comparing
distributions.

The computer program S$-PLUS (S-PLUS 2000) was used to make the comparisons. The 8-
PLUS function {-test was used to compare the means, the function F-test was used to compare
the variances, and the two-sample Kolmogorov-Smimov test function was used to compare the
distributions. For the two-sample Kolmogorov-Smirnov test, the distribution (e.g., normal,
lognormal, gamma, etc.) is not specified. It is only specified that the two sets of data have the
same distribution.

The results of the statistical comparisons are as follows. For each of the three radionuclide
and each of the four waste types, there were no significant differences between the means,
between the variances, and between the distributions (except in one case). The exceptional
case is the comparison of the distributions of alpha in SST liquid samples. For this analyte, the
distribution of alpha cbtained by omitting all observations below the DL (model M1) is
significantly different (0.05 level of significance) from the distribution of alpha obtained by
replacing all observations below the DL by zero (model M3). The observed means and
variances are given in Appendix C, Table C-1,

Figures 9, 10, and 11 are quantile plots of the two sets of data by radionuclide (using model
M1) and by waste type. The number of points is the number of tanks with data. The x-axis
represents the quantiles; i.e., the ordered values of the data. The y-axis represents the
percentile points. That is, the point (.50 corresponds to the median, the point 0.95 the
quantile for the 95" percentile, etc. As these figures demonstrate, there is little evidence to
show that the complete data set is different from the subset used in the ULD. The

11
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corresponding plots, based on the other two methods for incorporating observations below the
DL, are similar.

Three models were used to incorporate cbservations below the detection limit. In the first
model, the observations below the detection limits were omitted; in the second, the
observations below the detection limits were replaced by the detection limit; and in the third
model, the observations below the detection limits were replace by zero. For each of the four
waste types, the means, variances and distributions of the ULDs obtained using the three
modes were compared using S-PLUS. The results of these comparisons were that there were -
no significant differences (0.05 level of significance) between the means, between the
variances, and between the distributions. The observed ULD means and variances are given in
Appendix C, Table C-2.

Table C-3 lists the 95%, the 99® percentile points, and the 95/95 and 95/99 tolerance limits for
the three models. These points are based on the lognormal distribution. For the different
waste types, there is little difference in the percentile points and the tolerance limits given by
the three models.

Based on the results of the statistical comparisons given above, there is no reason to believe
that the ULDs computed from subsets of the radionuclide data would be different from those
computed from a complete set of data, provided the complete set were available. In addition,
the differences in percentile points and tolerance limits using the three models are small.

12
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Figure 1. ULD Lognormal Density and Histogram
Single Shell Tanks, Solid Samples

6506 Tolerance Limit 78364 SwWL

Figure 2. ULD Lognormal Density and Histogram
Single Shell Tanks, Liquid Samples
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Figure 3. ULD Lognormal Density and Histogram
Double Shell Tanks, Solid Samples
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Figure 4. ULD Lognormal Density and Histogram
Double Shell Tanks, Liquid Samples
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Figure 5. ULD Lognormal Density and Histogram
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Figure 6. ULD Lognormal Density and Histogram

Single Shell Tanks, Liquid Samples
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Figure 7. ULD Lognormal Density and Histogram
Double Shell Tanks, Solid Samples
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APPENDIX A

In Tables A-1 to A-13, the columns labeled “analyte” denote the type of data used to estimate
the mean. That is, the symbol "*'Cs is used to indicate that the mean of all the ’Cs data for
the tank is reported. For alpha, GA indicates that the mean of the gross alpha data is reported;
“'Am, the mean of the *'Am data. For strontium, ®™Sr indicates that the mean of *®Sr is
reported; *Sr, the mean of *Sr data; *®Sr&™Sr, the mean of the combined *™Sr and *Sr
data. The columns labeled M1, M2, and M3 are analyte concentration means when the below
detection limit observations are omitted, replaced by the detection limit, and replaced by zero
respectively. Num.Obs are the total number of observations and Num. Above DL are the
number of observations above the detection limit. NA means not available.

Table A-1. Mean 'Cs Concentration (uCi/g), SST Solid Samples (2 sheets)

241-A-101 Bicg 90 2.03E+02 | 2.03E+02 | 2.03E+(2
241-AX-101 ¥ 96 1.99E+02 | 1.99E+02 | 1.99E+02
241-AX-104 ¥Cs 10 6.07E+02 | 6.07E4+-02 | 6.07E+02
241-B-106 B0 20 2.03E+0t | 2.03E401 | 2.03E+01
241-B-108 YICs 16 1.72E+01 | 1.72E+01 | 1.72E+01
241-B-110 Bt 14 1.31E4+01 | 1.31E+401 | 1.31E+01
241-B-111 By 20 1.49E+02 | 1.49E+02 | 1.49E+02
241-B-201 By 38 4.59E+00 | 4.59E+00 | 4.59E+00
241-B-202 B30 8 1.26E-01 1.00E-01 9.445-02
241-B-204 Bicg 2 NA 3.14E-02 | 0.00E+00
241-BX-104 ¥y 8 6.03E4+01 | 6.03E+01 | 6.03E+01
241-BX-107 BiCy 16 2.21E40]1 | 2.21E+01 | 2.21E+01
241-BX-109 PICg 32 1.32E+01 | 1.32E+01 | 1.32E+01
241-BX-112 Wiy 20 5.09E+01 | 5.09E401 | 5.09E+01
241-BY-104 s 60 1.03E+02 | 1.03E+02 | 1.03E+02
241-BY-105 W 44 6.55E+01 | 6.55E+01 | 6.55E+01
241-BY-106 BCs 96 1.OOE+02 | 1.00E402 | 1.00E+0Q2
241-BY-107 BiCs 8 1.25E4+02 | 1.25E+02 | 1.25E+02
241-BY-108 ¥Cs 8 6.30E+01 | 6.30E+01 | 6.30E+01
241-BY-110 o 216 216 9.29E+01 | 9.29E+01 | 9.29E+01
241-C-103 ¥Cs 10 10 1.35E+02 | 1.35E+02 | 1.35E+02
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241-C-104 370g 50 49 6.15E+01 | 6.49E+01 | 6.03E+01
241-C-106 g 22 22 5.53E+02 | 5.53E+02 | 5.53E+02
241-C-108 o) 22 22 1.66E4+02 | 1.66E+02 | 1.66E+02
241-C-109 Bics 40 40 4.77E+02 | 4.77E+02 | 4.77E+O2
241-C-110 Y0y 18 18 1.86E+01 | 1.86E+01 | 1.86E+01
241-C-111 s 4 4 4.32E401 | 4.32E+01 | 4.32E+01
241-C-112 B0 69 69 2.04E402 | 2.04E402 | 2.04E+02
241-5-101 g 58 58 1.29E+02 | 1.29E+02 | 1.29E+02
241-8-102 B0 24 24 L17E+02 | 1.17E4+Q2 | 1L.ITE+O2
241-8-104 ETeN 24 24 S.R84E4+01 | 5.84E+01 | 5.84E+01
241-8-106 g 28 28 1.LOIE+02 | 1.01E+02 | 1L.ME+Q2
241-5-107 ¥y 92 92 8.22E+01 | 8.22E+01 | B.22E+0l .
241-S-109 Wy 30 30 7.58E+00 | 7.58E+00 | 7.58E+00
241-5-110 W 68 68 8.78E+01 | 8.78E+01 | 8.78E+01
241-S-111 Bi0g 52 52 1.LISE+02 | 1.19E+02 | 1.19E+02
241-SX-101 ¥og 50 50 1.O7E+02 | 1.07E+02 | 1.07E+02
241-SX-102 B0g 4 4 1.49E+02 | 1.49E+02 | 1.49E+02
241-8X-103 YCs 56 56 1.27E4+02 | 1.27E402 | 1.27E+02
241-SX-104 ¥Cs 2 2 1.OGE+02 | 1.06E+02 { 1.06E+02
241-SX-108 B0 8 8 1.95E+02 | 1.95E+02 | 1.95E+02
241-T-102 Yo 6 6 2.09E4+01 | 2.09E+01 | 2.09E+01
241-T-104 B70g 12 12 2.07E-01 2.07E-01 2.07E-01
241-T-105 T 12 12 4.5TE+01 | 4.57E4+01 | 4.57E+01
241-T-107 ¥iCs 38 38 2.06E+01 | 2.06E+01 | 2.06E+01
241-T-108 oy 4 4 2.00E+00 | 2.00E+00 | 2.00E+00
241-T-111 B 30 30 1.34E-01 1.34E-01 1.34E-01
241-T-201 B0 4 3 3.46E-02 2.80E-02 2.59E-02
241-T-202 Bcg 2 0 NA 2.82E02 | Q.00E+00
241-T-203 Bies 2 0 NA 1.81E02 | 0.00E400
241-T-204 ¥Cs 2 2 7.76E-03 7.76E-03 7.76E-03
241-TX-113 g 36 36 6.58E+00 | 6.58E+00 | 6.58E+00
241-TX-118 Mg 32 32 2.33E4+01 | 2.33E401 | 2.33E+01
241-U-102 " 56 56 1.L62B+02 | L.62E+02 | 1.62E+02
241-U-103 131~ 6 6 2.53E+02 | 2.53E+02 | 2.53E+(0?
241-U-105 B 74 74 1.55E+02 | 1.55E4+02 | 1.55E+(2
241-U-106 WCs 34 34 1.52E+02 | 1L.S2E402 | 1.52E+(2
241-U-107 o 16 16 B.55E+01 | 8.55E+01 | 8.55E+01
241-U-108 Wics 106 106 1.44E+02 | 1.M4E+02 | 1.44E402
241-U-109 B 110 110 L.16E+02 | 1.16E+02 | 1.16E+02
241-0-110 WiCs 92 88 2.41E+01 | 2.30E+01 | 2.30E+01
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241-A-101 GA 60 46 6.15E-02 4.83E-02 4.71E-02
241-A-102 GA 4 4 4 68E+00 | 4.68E+00 | 4.68E+00
241-AX-101 GA 60 44 5.17E-02 4.10E-02 3.79E-02
241-AX-102 GA 4 4 1.24E+00 | 1.24E+00 | 1.24E+00
241-AX-103 GA 6 6 4.48E-02 4.48E-02 4.48E-02
241-AX-104 GA 6 6 1.38E+01 | 1.38E+01 | 1.38E+01
241-B-101 GA 20 17 2.99E+00 | 2.57E+00 | 2.54E+00
241-B-102 GA 4 0 NA 3.56E-01 0.00E+00
241-B-103 GA 4 4 2.14E-01 2.14E-01 2.14E-01
241-B-104 GA 34 52 4.46E-02 5.45E-02 4.29E-02
241-B-106 GA 20 8 4.92E-02 4.66E-02 1.97E-02
241-B-107 GA 16 16 6.33E-02 6.33E-02 6.33E-02
241-B-108 GA 14 13 7.90E-03 8.22E-03 7.33E-03
241-B-109 GA 10 10 5.64E-02 5.64E-02 5.64E-02
241-B-110 GA 14 14 7.80E-02 7.80E-02 7.80E-02
241-B-111 GA 10 10 1.42E-01 1.42E-01 1.42E-01
241-B-112 GA 6 4 6.57E-03 4.64E-03 4.38E-03
241-B-201 GA 6 6 9.07E-01 9.07E-01 9.07E-01
241-B-202 GA 10 10 4.04E-01 4.04E-01 4.04E-01 |
241-B-203 GA 44 44 2.14E-01 2.14E-01 2.14E-01
241-B-204 GA 32 52 2.64E-01 2.64E-01 2.64E-01
241-BX-101 GA 10 10 9.75E-01 0.75E-01 9.75E-01
241-BX-103 GA 12 Il 3.37E400 | 3.13E4+00 | 3.08E+00
241-BX-104 GA 8 R 8.22E-01 8.22E-01 8.22E-01
241-BX-105 GA 8 B 2.21E-0) 2.21E-01 2.21E-01
241-BX-106 GA 4 4 5.90E-01 5.50E-01 5.90E-01
241-BX-107 GA 15 15 1.23E-01 1.23E-01 1.23E-01
241-BX-108 GA 8 g 8.16E-02 8.16E-02 B.16E-02
241-BX-109 GA 32 6 4.99E-02 5.91E-02 9.35E-03 |
241-BX-110 GA 16 10 1.18E-02 8.23E-03 7.38E-03
241-BX-111 GA 12 7 2.64E-03 2.28E-03 1.54E-03_ |
241-BX-112 GA 24 24 1.90E-01 1.90E-01 1.90E-01
241-BY-101 GA 4 2 2.24E-03 2.32E-03 1.12E-03
241-BY-102 GA 20 17 1.10E-01 9.36E-02 9.32E02
241-BY-103 GA 4 2 2.35E-02 1.35E-02 1.18E-02
241-BY-104 GA 30 24 1.13E-01 1.08E-01 9.01E-02
241-BY-105 GA 62 24 1.04E-01 1.68E-01 4.03E-02
241-BY-106 GA 38 32 2.59E-02 2.23E-02 2.18E-02
241-BY-107 GA 34 25 4.638E-02 3.80E-02 3.44E-02
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241-BY-108 GA 56 40 8.66E-02 6.37E-02 6.19E-02
241-BY-109 GA 26 25 7.24E-02 7.11E-02 6.97E-02
241-BY-110 GA 110 101 5.3RE-Q2 5.09E-02 4 .94E-02
241-BY-111 GA 26 21 6.01E-02 1,06E-01 4_85E-02
241-BY-112 GA 24 24 7.46E-02 7.46E-02 7.46E-02
241-C-101 GA 6 6 1.09E+00 | 1.09E+00 | 1.09E+00
241-C-103 GA. 14 14 1.14E+01 | 1.14E+01 | 1.14E+01
241-C-104 GA 28 28 6.37E+00 | 6.37E+00 | 6.37E+00
241-C-105 GA 16 16 1.33E+00 | 1.33E+00 ! 1.33E+00
241-C-106 GA 22 22 2.77E+00 | 2.77E4+00 | 2,77E4+00
241-C-107 GA 40 37 4.22E4+00 | 3.93E+00 | 3.91E+00
241-C-108 GA 22 2 7.81E-02 1.50E-01 7.10E-03
241-C-109 GA 8 8 1.72E-01 1.72E-01 1.72E-01
241-C-110 GA 18 18 1.25E-01 1.25E-01 1.25E-01
241-C-111 GA 10 10 8.21E-01 8.21E-01 8.21E-01
241-C-112 GA 11 11 3.35E-01 3.35E-01 3.35E-01
241-C-202 GA 4 4 8.64E+0Q0 | B.64E+00 | 8.64E+Q0
241-C-203 GA 12 12 1.44E4+00 | 1.44E+00 | 1.44E+00
241-C-204 GA 6 6 2.66E-02 2.66E-02 2.66E-02
241-S-101 GA 34 34 3.49E-01 3.49E-01 3.49E-01
241-5-102 GA 90 89 1.78E-01 1.77E-01 1.76E-01
241-8-104 GA 24 21 5.52E-01 5.41E-01 4.83E-01
241-5-106 GA 20 18 3.00E-02 2.88E-02 2.78E-02
241-§-107 GA 92 92 9.24E-01 0.24E-01 9.24E-01
241-8-109 GA 30 27 7. 74E-03 7.39E-03 6.97E-03
241-5-110 GA 46 42 3.12E-01 2.94E-01 2.85E-01
241-8-111 GA 34 28 3.46E-02 2.89E-02 2.85E-02
241-SX-101 GA 26 22 4.85E-01 4.37E-01 4.11E-01
241-8X-102 GA 38 34 2.13E-01 1.92E-01 1.91E-01
241-§X-103 GA 50 49 1.71E-01 1.68E-01 1.68E-01
241-SX-104 | *'Am 4 0 NA 8.95E-02 | 0.00E4+00
241-8X-105 GA 60 55 5.37E-01 5.00E-01 4.93E-01
241-8X-106 GA 30 19 4.35E-01 2.80E-01 2.75E-01
241-SX-108 GA 8 8 3.29E+00 | 3.29E+00 { 3.29E+00
241-8X-113 GA 8 5 1.42E-01 1.69E-01 8.85E-02
241-8X-115 | **Am 2 2 1.41E+01 | 1.41E+01 | 1.41E+01
241-T-102 GA 2 2 2.29E-01 2.29E-01 2.29E-01
241-T-104 GA 12 12 1.41B-01 1.41B-01 1.41E-01
241-T-105 GA 16 16 3.57E-01 3.57E-01 3.57E-01
241-T-106 | GA 4 4 | 2.03EN 2.03E-01 2.03E-01 |
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241-T-107 GA 10 10 1.77E-01 1. TTE01 1.77E01
241-T-108 GA 4 4 7.02E-02 7.02E-02 7.02E-02
241-T-109 GA 6 6 1,14E-02 1.14E-02 1.14E-02
241-T-110 GA 30 30 5.31E-02 5.31E-02 5.31E-02
241-T-111 GA 30 30 3.71E0!] 3.71E-01 3.71E-01
241-T-112 GA 4 4 2.56E-01 2.56E-01 2.56E-01
241-T-201 GA 6 6 7.37E-01 7.57E-01 7.57E-01
241-T-202 GA 10 10 2.22E-01 2.22E-01 2.22E-01
241-T-203 GA 20 20 1.96E-01 1.96E-01 1.96E-01
241-T-204 GA 20 19 1.52E-0t 1.44E-01 1.44E-01
241-TX-104 GA 12 12 3.09E-01 3.09E-01 3.COE-O1
241-TX-107 GA 4 4 4.52E+00 | 4.52E+00 | 4.52E+00
241-TX-113 GA 38 35 1.30E-02 1.37E-02 1.20E-02
241-TX-118 GA 33 29 228E+01 | 2.00E401 | 2.00E4-01
241-TY-104 GA 4 4 1.45E-01 1.45E-01 1.45E-01
1241-TY-106 GA 6 3 1.96E-02 1.83E-02 9.78E-03
241-U-101 GA 5 4 7.44E-02 7.27E-02 5.95E-02
241-U-102 GA 32 32 2.05E-01 2.05E-01 2.05E-01
241-U-103 GA 36 Ry 1.48E-01 1.40E-01 1.37E-01
241-U-105 GA 58 58 7.23E-01 7.23E-01 7.23E-01
241-U-106 GA 18 18 1.15E+00 | 1.15E+00 | 1.15E+00
241-U-107 GA 70 63 2.19E-01 2.12E-01 1.97E-01
241-U-108 GA 106 100 5.25E-02 5.31E-02 4.96E-02
241-0-109 GA 92 30 3. TIE02 4.07E-02 3.63E02
241-U-110 GA 82 47 7.47E-01 5.96E-01 4.28E-01
241-U-112 GA 4 0 NA 3.25E-03 0.00E+00
241-17-201 GA 12 0 NA 1.69E-(3 0.00E+00
241-U-202 GA 14 4 1.26E-03 1.73E-03 3.59E-(4
241-U-203 GA 6 1 5.75E-04 1.27E-03 1.63E-04
241-U-204 GA 4 1 9.67E-02 6.17E-02 2.42E-(02
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Table A-3. Mean ™Sr Concentration (uCi/g}, SST Solid Samples (2 sheets) _

&

1.55E+01 | 1.55E+01

i

¥i

241-A-101 29081 8 8 1.5SE+01

241-AX-101 1905y 22 22 1.82E+01 | 1.82E+401 | 1.82E+01
241-AX-104 808r 20 20 1.88E+04 | 1.88E+04 | 1.88E+04
241-B-106 8908 r 20 20 7.18E+01 | 7.18E+01 | 7.18E+01
241-B-108 WRSr 8 8 2.87E+00 | 2.87E+00 | 2.87E+00
241-B-110 %S 6 6 3.23E401 | 3.23E+01 | 3.23E+01
241-B-111 %S 8 8 2.43E+02 | 2.48E+02 | 2.48E+02
241-B-201 *Sr 6 6 2.70E+00 | 2.70E+00 | 2.70E+00
241-B-202 %5 10 10 3.99E+00 | 3.99E+00 | 3.99E+00
241-BX-107 %Sr 8 8 9.87E4+00 | 9.87E+00 | 9.87E+00
241-BX-109 e 6 6 1.62E+02 | 1.62E+02 | 1.62E+02
241-BX-112 "gr 12 12 6.17E+00 | 6.17E+00 | 6.17E+00
241-BY-104 g 48 48 1.84E+02 | 1.84E+02 | 1.84E+02
241-BY-105 wROgr 44 44 1.26E+02 | 1.26E+02 ! 1.26E+02
241-BY-106 a3 68 68 2.67E+01 | 2.67E+01 | 2.67E+01
241-BY-107 08T 8 8 2.21E+0! | 2.21E+01 | 2.21E+0l
241-BY-110 ST 216 216 1.08E+02 | 1.08E+02 | 1.08E+02
241-C-103 290G 10 10 4.90E4+03 { 4.90E+03 | 4.90E+03
241-C-104 0G T 4 4 3.23E4+02 | 3.23E4+02 | 3.23E+02
241-C-106 siar Yy 22 22 5.17E4+02 | S5.17E+02 | 5.17E+02
241-C-107 8051 12 12 2.81E403 | 2.81E+03 | 2.81E+03
241-C-108 1S 20 20 1.9SE+02 | 1.95E+02 | 1.95E+02
241-C-109 gr 11 11 9.58E+02 | 9.58E+02 | 9.58E+02
241-C-110 Sy 10 10 5.04E+00 | 5.04E+00 | 5.04E+00
241-C-111 Sy 4 4 421E+03 | 4.21E+03 | 4.21E+03
241-C-112 %sr 25 25 1.29E+03 | 1.29E+03 | 1.29E+03
241-8-101 BHgr 4 4 2.52E+4+02 | 2.52E+02 | 2.52E+02
241-8-102 $R0gr 24 24 2.54E+01 | 2.54E+01 | 2.54E+01
241-5-104 %Sr 12 12 3.10E+02 | 3.10E+02 | 3.10E+02
241-58-106 9505y 4 4 1.49E+01 | 1.49E+01 | 1.49E+01
241-§-107 Sy 92 02 1.60E+02 | 1.60E+02 | 1.60E+02
241-S-109 80 4 4 5.31E+00 | 5.31E+00 | 5.31E+00
241-S-110 89908 r 62 62 1.22E4+02 | 1L.22E+02 | 1.22E+02
241-S-111 890Gy 16 16 1.21E+02 | 1.21E4+02 | 1.21E+02
241-8X-101 890ST 4 4 1.20E4+02 | 1.20E+02 | 1.20E402
241-§X-102 8990y 4 4 1.03E+02 | 1.O3E+02 | 1.03E+02
241-SX-103 e ¢ 54 54 1.29E+02 | 1.29E+02 | 1.29E+02
241-SX-104 899081 2 2 1.47E-01 1.47E-01 1.47E-01

241-SX-108 0T 8 8 3.06E+03 | 3.06E+03 | 3.06E+03
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241-T-102 2 2 2.38E+02 | 2.38E+02 | 2.38E+02
241-T-104 8 8 2.63E+00 | 2.63E+00 | 2.63E+00
241-T-105 4 4 2.80E+02 | 2.80E+02 | 2.80E+02
241-T-107 30 30 1.20E+02 | 1.20E+02 | 1.20E+D2
241-T-111 8 8 S.41E+00 | 5.41E+00 | 5.41E+00
241-T-201 ST 4 4 B.58E-02 8.58E-02 8.58E-02

241-T-202 B%Sr 2 2 2.49E-03 2 49E-03 2.49E-03

241-T-203 BAGr 2 2 2.57E-03 2.57E-03 2.57E-03

241-T-204 wRier 2 2 4.60E-03 4.60E-03 4.60E-03

241-TX-113 908 r 16 16 1.O7E+00 | 1.07E+00 | 1.07E+00
241-TX-118 ] 10 10 1.83E+02 | 1.83E+02 | 1.83E+02
241-U-102 2505y 6 6 5.51E+4+01 | 5.51E+D1 | 5.51E+01
241-U-103 ) 6 6 1.01E+01 | 1.01E+01 | 1.01E+01
241-U-105 805 8 8 5.71E+01 | 5.71E+01 | 5.71E+01
241-U-106 ] 4 4 7.72E+01 | 7.72E+01 | 7.72E+01
241-U-107 BR0Sr 10 10 4.34E+00 | 4.34E+00 | 4.34E+00
241-U-108 wmigr 106 106 1.03E4+0! | 1.03E+01 | 1.03E+01
241-U-109 BS0g 32 32 8.81E+00 | 8.81E+00 | 8.81E+00
241-U-110 | 51 &™sr 30 28 1.57E+02 | 1.47E+02 | 1.47E+(2
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Table A-4d. Mean "’Cs Concentration (uCi/g), SST Liquid Samples
241-A-101 BCs 16 16 3.53E+05 | 3.53E+05 | 3.53E+05
241-AX-101 BiCs 6 6 3.95E+05 | 3.95E+05 | 3.95E+05
241-BX-109 3Cs 4 2 1.27E4+04 | 6.33E+03 | 6.33E+03
241-BY-103 s 4 4 1.41E+05 | 1.41E+05 | 1.41E4+05
241-BY-105 e 42 42 1.99E+05 | 1.995+05 | 1.99E+05
241-BY-106 BYiCs 6 6 2.07E+05 | 2.07E+05 | 2.07E+05
241-C-106 | WCs 18 18 1.25E4+05 | 1.25E+05 | 1.25E+05
241-C-110 ¥10g 6 6 | 3.88E+03 | 3.88E+03 | 3.88E+03
241-S-102 70y 6 6 3.24E405 | 3.24E+4+05 | 3.24E+05
241-S-103 W 6 6 3.65E+05 | 3.65E+05 | 3.65E+05
241-8-106 YMes 16 16 2.67E+05 | 2.67E+05 | 2.67E+05
241-S-109 Wirg 6 6 3.15E+05 | 3.15E4+05 | 3.15E+05
241-8-111 BIeg 16 16 2.75E4+05 | 2. 75E4+05 | 2.75E+05
241-SX-101 Wy 20 20 4.03E405 | 4.03E405 | 4.03E4-05
241-SX-102 BIcg 2 2 4.38E+05 | 4.38E+05 | 4.3BE+05
241-§X-103 B0 6 6 4.40E+05 | 4.40E+05 | 4.40E+05
241-§X-104 By 2 2 2.83E+05 | 2.83E+05 | 2.83E+05
241-SX-105 B 28 28 3.84E+05 | 3.84E-+05 | 3.84E+05
241-SX-106 B 16 16 3.776+05 | 3.77E+05 | 3.77TE+05 |
241-T-104 Bcs 2 2 7.83E+01 | 7.83E+01 | 7.83E+01
241-T-107 B 6 6 8.43E403 | 8.43E+03 | 8.43E+03
241-T-110 BCg 3 3 3.43E+00 | 3.43E+00 | 3.43E+00
241-U-102 BiCs 10 10 4.36E+05 | 4.36E+05 | 4.36E+05
241-U-103 By 8 8 4.67TE+05 | 4.67E+05 | 4.67E+05
241-U-105 s 6 6 3.86E+05 | 3.86E+05 | 3.86E+05
241-U-107 WCs 14 14 3.52E4+05 | 3.52E+05 | 3.52E+05
241-U-108 Wi 2 2 4.16E+05 | 4.16E+05 | 4.16E+(05
241-U-109 ) 2 2 3.66E+05 | 3.66E+05 | 3.66E+05
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5. Mean Alpha Concentration (uCi/g), SST Liquid Samples (2 sheets)

: bl 5o : AR
241-A-101 GA R 3 5.68E+00 | 1.54E+01 5.32E-01
241-AX-101 GA 24 0 NA 2.16E+01 | 0.00E-+00
241-B-107 GA 6 1 2.26E-01 2.05E-01 3.77E-02
241-B-108 GA 2 0 NA 3.95E+00 | 0.00E+00
241-B-203 GA 6 6 1.01E-01 1.01E-01 1.01E-01
241-B-204 GA 6 6 1.03E-01 1.03E-01 1.03E-01
241-BX-109 GA 4 3 4.40E-01 3.48E-01 3.30E-01
241-BX-110 GA 12 1 5.01E+00 | 5.51E+00 | 4.18E-01
241-BX-111 GA 2 1 3.93E+00 | 3.79E4+00 | 1.97E+00
241-BY-102 GA 4 2 5.96E+00 | 4.78E+00 | 2.98E+00
241-BY-103 “lam 4 Q NA 6.90E-01 0.00E+00 |
241-BY-105 GA 46 17 2.99E+01 | 1.76E+01 | 1.10E+01
241-BY-106 GA 2 0 NA 1.23E+01 | 0.00E+00
241-BY-107 GA 18 0 NA B.94E+00 { 0.00E+00
24]1-BY-108 GA 2 1 3.65E+00 | 2.48E+00 | 1.B3E+00
241-BY-109 GA 4 1 1.14E+01 ! 1.49E+401 [ 2.85E+00
241-BY-110 GA 14 0 NA 1.81E+00 | 0.00E+00
241-BY-111 GA 6 1 7.45E+00 | 7.30E+00 | 1.24E+00
241-BY-112 GA 4 0 NA 1.63E+01 { 0.00E+Q0
241-C-104 |  GA 4 0 NA 1.27E400 | 0.00E+400
241-C-106 GA 4 4 1LO2E+03 | 1.02E+03 | 1.02E+03
241-C-110 GA 6 2 | 2.07E+00 | 1.11E+00 | 6.90E-01
241-S-101 GA 10 2 1.17E+01 | 5.25E+00 | 2.33E+00
241-5-102 GA 10 i 1.21E+01 | [L22E+01 | [ 21E+Q0
241-§-103 M Am 6 6 1.I9E+00 | 1.19E+4+00 | 1.19E+00
241-5-104 GA 1 1 1.88E+02 | L.88E+02 | 1.88E+02
241-§-106 GA 18 7 2.20E+00 | 5.86E+00 | 8.54E-01
241-S-107 GA 8 1 2.08E+00 | 2.46E+400 | 2.60E-01
241-5-109 GA 8 3 6.12E+00 | 1.02E+01 | 2.29E-+00
241-S-110 GA 8 0 NA 9.12E+00 | 0.00E+00
241-8-111 M Am 18 10 1.76E-01 | 2.13E+02 | 9.76E-02
241-SX-101 GA 20 3 8.22E+02 | 1.36E+02 | 1.23E+Q2
241-SX-102 GA 14 6 5.87E+00 | 8.93E+00 | 2.51E+00
241-SX-103 GA 24 8 1.24E+01 | 1.66E+01 | 4.12E+00
241-8X-104 *Am 4 1 2.62E-02 | 6.47E+02 | 6.55E-03
241-SX-105 GA 36 29 7.32E+00 | 5.80E4+00 | 5.89E+00
241-8§X-106 GA 10 3 4. 116400 | 3.64E+00 | 1.23E+00
241-T-103 GA 4 4 2.00E+01 | 2.00E+01 | 2.00E+0l
241-T-104 M1Am 2 0 NA 9.53E-01 0.00E+00
A9
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241-T-105 GA 8 4 1.54E+01 | 9.02E+00 | 7.69E+
241-1-107 - GA 6 6 6.01E+00 j 6.01E+00 | 6.01E+00
241-T-110 GA 2 2 1.02E-01 1.02E-01 1.02E-01
241-T-112 GA 4 4 2.33E+01 | 2.33E+01 | 2.33E-+01
241-T-201 GA 10 6 8.94E-03 2,.83E-02 5.37E-03
241-T-203 GA 2 0 NA 6.99E-02 0.00E+00
241-TX-104 GA 10 10 1.27E+03 | 1.27E+03 | 1.27E+(3
241-U-101 GA 8 8 1.7SE+00 | 1.75E400 | 1, 75E+00
241-U-102 GA 10 10 2.20E+01 | 2.20E+01 | 2,20E+0]
241-U-103 GA 18 14 2.92E+01 | 2.79E+01 | 2.27E+01
241-U-105 GA 8 8 4.58E+01 | 4.58E+0]1 | 4.58E+01
241-11-106 GA 8 - 8 2.99E+02 | 2.99E+02 | 2.99E+02
241-U-107 GA 40 12 1.12E4+01 | 9.57E+00 | 3.36E+00
241-U-108 GA 6 1 8.88E+00 | 9.79E+00 | 1.48E+00
241-U-109 GA 4 1 LOVE+Q0 | 7.47E+00 2.68E-01
A-10
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SST Liguid Sam

les

241-A-101 6.82E+01 | 6.82E+01 | 6.82E+01
241-AX-101 iem0gr 6 6 2.65E+02 | 2.65E4+02 | 2.65E+02
241-BY-103 8oRISY 4 4 1LI2E+02 | 1.12E+02 | 1.12E+02
241-BY-105 e 1 42 42 1.15E+02 { 1.15E+02 | 1.15E+02
241-BY-106 Sy 6 6 3.77E+01 | 3.77E+01 | 3.77E+01}
241-C-106 35gr 14 14 6.55E+(2 | 6,55E+02 | 6.55E+02
241-C-110 31 2 2 2.78E+01 | 2.78E+01 | 2.78E+01
241-S-102 RSy 6 6 3.11E+02 | 3.11E+02 | 3.11E+Q2
241-8-103 T 6 6 4.20E+02 | 4.20E+02 | 4.20E+02
241-5-106 - 4 16 16 5.67E+01 | S5.67E+01 | 5.67E+1
241-8-109 ey ¢ 6 6 2.70E+02 | 2.70E+02 | 2.70E+02
241-8-111 8BSy 16 16 2.26E+02 { 2.26E+02 | 2.26E+02
241-SX-101 50T 20 20 B8.03E+01 | 8.03E+01 | 8.03E+401
241-8X-102 081 2 2 2.34E+01 | 2.34E+01 | 2.34E+01
241-SX-103 RiSr 6 6 1.15E+02 | 1.15E402 | 1.15E+D2
241-8X-104 ST 2 2 6.33E+01 | 6.33E+01 | 6.33E+01
241-SX-105 RS 28 28 1.60E+02 | 1.60E+02 | 1.60E+Q2
241-SX-106 ST 16 16 3.40E+02 | 3.40E+02 | 3.40E+02
241-T-105 #sr 2 2 3.74E+02 | 3.74E+02 | 3. T4E+02
241-T-107 *5r 6 6 5.94E+01 | 5.94E+01 | 5.94E+(1
241-T-110 0gr 2 2 5.30E-01 5.30E-01 5.30E-01

241-U-102 0gr 10 10 8.04E+03 | 8.04E+03 | 8.04E+03
241-1-103 vaigy ) 8 1.05E+04 | 1.05E+04 | 1.05E+D4
241-U-105 908 r 6 6 2.51E+04 | 2.51E+04 | 2.51E+04
241-U-107 s 22 22 3.615E4-02 | 3.61E+02 | 3.61E+02
241-U-108 wMSr 2 2 3.45E+02 | 3.45E+02 | 3.45E+02
241-U-109 8y 2 2 9.31E+02 | 9.31E+02 | 9.31E+02
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137C C

2.30E+02 | 2.39E+(2 LI9E+02
241-AN-103 WICs 5 2.51E+02 | 2.51E+02 | 2.51E+02
241-AN-104 YCs S | 3.46E+02 | 3.46E+02 | 3.46E+02
241-AN-105 *Cs 7 | 2.67E+02 | 2.67E+02 | 2.67E+02
241-AN-107 BiCs 5 1.74E+02 | 1.74E+02 | 1.74E+02
241-AW-101 “iCs 11 11 2.55E+02 | 2.55E+02 | 2.55E+02
241-AW-1{2 ¥Cs 4 4 B.64E+01 | 8.64E+01 | B.64E+0]
241-AW-105 YTCs 69 69 | 3.82E+01 | 3.832E+01 | 3.82E+01
241-AW-106 BiCs 10 10 I.15E+02 | 1.15E+02 | L.15E+(2
241-AY-101 By 2 2 8.56E+01 | 8.56E+01 | 8.S6E+01
241-AY-102 B0 2 2 2.83E+02 | 2.B3E+02 | 2.83E+02
241-AZ-101 Pis NA NA NA
241-AZ-102 Wieg 2 2 8.25E+02 | 8.25E+02 | B.25E+02
241-SY-101 o 218 218 3.46E+02 | 3.46E+02 | 3.46E+02
241-5Y-102 Bics 2 2 | 1.04E+02 | 1.04E+02 | LOAE+02
241-SY-103 ¥y 16 16 2.26E+02 | 2.26E+02 | 2.26E+0Q2
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Table A-§. Mean Al
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ha Concentration (pCi/

T Solid Samples

241-AN-102 GA 18 18 5.52E-01 5.52E-01 5.52E-01
241-AN-103 GA 63 13 1.72E-02 1.78E-02 3.55E-03
241-AN-104 GA 35 21 4.07E-02 6.45E-02 2.4E02
241-AN-105 GA 28 18 2.78E-02 2.43E-02 1.79E-02
241-AN-107 GA 17 17 1.00E+00 | 1.00E+00 | 1.00E+00
241-AP-105 GA 12 4 6.96E-03 1.01E-02 2.32E-03

. |241-AW-101 GA 89 33 71.97E-02 3.85E-02 3.40E-02
241-AW-102 GA 6 6 2.40E+00 | 2.40E+00 | 2.40E+00
241-AW-103 GA 28 28 3.83E-01 3.83E-01 3.83E-01
241-AW-104 GA 18 18 1.28E4+00 | 1.28E400 | 1.28E+00
241-AW-105 GA 41 41 1.7SE+00 | }.75E4+00 | 1.75E+00 °
241-AW-106 GA 4 4 2.22E-01 2.22E-01 2.22E-01
241-AY-101 GA 6 6 3.80E+00 | 3.830E+00 | 3.80E+00
241-AY-102 *'Am 2 2 2.24E+01 | 2.24E+01 | 2.24E+(1
241-AZ-101 GA 12 12 8.16E+01 | 8.16E+01 | B.16E+01
241-AZ-102 GA 2 2 5.37E+01 | 5.37E+01 | 5.37E+01
241-SY-101 GA 134 122 3.99E-01 3.83E-01 3.63E-01
241-§Y-102 GA 10 10 2.30E+01 | 2.30E+01 | 2.30E+0l
241-8Y-103 GA 44 22 8.93E-01 5.79E-01 4. 47E-01
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Table A-9., Mean ®™Sr Concgptmlion (uCi/g), DST Solid Sam les

241-AN-102 ¥R05r 12 12 1.17E+02 | 1.17E+02 | 1.17E+02
241-AN-103 ST 2 2 2.66E+00 | 2.66E+00 | 2.66E+00
241-AN-104 #30gr 5 5 3.36E+01 | 3.36E+01 | 3.36E+01
241-AN-105 Y ¢ 7 7 1.87E+01 | 1.87E+01 [ 1.87E+01
241-AN-107 FeRIGr 5 5 2.53E+02 | 2.53E+02 | 2.53E+02
241-AW-101 hisker)s i1 11 3.43E+01 | 3.43E+01 | 3.43E+01
241-AW-102 e} 4 4 6.64E4+02 | 6.64E+02 | 6.64E4+02
241-AW-105 | ¥™Sr&™Sr &0 60 6.22E+01 | 6.22E+0]1 | 6.22E+01
241-AW-106 WGy 10 10 2.26E401 | 2.26E+01 | 2.26E+01
241-AY-101 05T 2 2 4.61E+03 | 4.61E+03 | 4.61E+03
241-AY-102 MGy 2 2 7.67E+04 | 7.67E4+04 | 7.67E+04
241-AZ-101 g NA NA NA

241-AZ-102 8OMOGr 2 2 9.30E+03 | 9.30E+03 | 9.30E+03
241-SY-101 | ®™§r&%8y 61 61 2.65E+01 | 2.65E+01 | 2.65E+01
241-SY-102 890Gy 2 2 2.49E+01 | 2.49E+01 | 2.49E+01
241-SY-103 s890g 16 16 9.64E+00 | 9.64E+00 | 9.64E-+00
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1.01E+05

I.OIE+05 | 1.01E+05
241-AN-102 10 19 19 3.66E+05 | 3.66E+05 | 3.66E-+05
24]1-AN-103 "ICs 8 8 7.86E+05 | 7.86E+05 | 7.86E+05
241-AN-104 il o B 8 6.54E+05 | 6.54E+05 | 6.54E+05
241-AN-105 BICs 8 8 4.02E+05 | 4.02E405 | 4.02E+05
241-AN-107 BI0s 8 8 3.63E+05 [ 3.63E+405 | 3.63E+05
241-AP-101 310y 14 14 1.61E+05 | 1.61E+05 | 1.61E+05
241-AP-102 3Cg 52 52 2.25E+05 | 2.25E+05 | 2.25B+05
241-AP-103 WICs 26 26 6.24E+04 | 6.24E+04 | 6.24E4+04
241-AP-104 137(~g 4 .4 4,97E+03 | 4.97E4+03 | 4.97E+03
241-AP-105 ¥Cs 2 32 2.10E+05 | 2.10E+05 | 2.10E+05
241-AP-106 Cs 36 36 398E+04 | 3.98E+04 | 3.98E+04
241-AP-107 [Eon 24 21 3.03E+04 | 2.65E+04 | 2.65E+04
241-AP-108 Wi 22 22 7.07E+04 | 7.07E+04 | 7.07E+(4
241-AW-101 3¢ 7 7 4.62E4+05 | 4.62E+05 | 4.62E+05
241-AW-1(2 s 18 18 3.48E+04 | 3.48E4+04 | 3.48E+04
241-AW-103 B¥Cs 2 2 2.06E+04 | 2.06E+04 | 2.06E+04
241-AW-104 I 12 12 1.32E+04 | 1.32E+04 | 1.32E+404
241-AW-105 B0 37 37 1.41E+04 | 1.41E+04 | 1.41E+04
241-AW-106 s 11 11 1.86E+05 | 1.86E+05 | !.B6E+05
241-AY-101 Brg 20 20 8.81E+04 | 8.81E+04 | 8.81E+04
241-AY-102 YiCs 32 32 3.59E+03 | 3.59E4+03 | 3.59E+03
241-AZ-101 3¢y 6 6 1.5SE+06 | 1.59E+06 | 1.59E406
241-AZ-102 130 8 8 1.07E+06 | 1.07E4+06 | 1.07E+06
241-8Y-101 Wirs 62 62 9.96E+05 | 9.96E+05 | 9.96E+05
241-§Y-102 s 34 34 5.49E+04 | S.49E+04 | S.49E+04
241-8Y-103 "o 4 4 3.99E+405 | 3.99E+05 | 3.99E+05
A-15
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Table A-11, Mean Alpha Concentration (WCi/L}, DST Liquid Samples

241-AN-101 GA 12 0 NA 1.03E4+00 | 0.00E+00
241-AN-102 GA 31 31 1.76E+02 | 1.76E+02 | 1.76E+02
241-AN-103 GA 36 6 5.77E+01 | 3.73E401 [ 9.61E+00
241-AN-104 GA 56 8 1.23E+01 | 2.68E+01 | 1.75E+00
241-AN-105 GA 58 5 2.84E+01 | 2.93E+01 | 2.45E+00
241-AN-106 GA 18 4 1.OIE+00 | 6.08E+00 | 2.25E-O1
241-AN-107 GA 31 31 8.17E+(02 | 8.17E+02 | 8.17E+02
241-AP-101 GA 14 2 5.956-03 | 2.26E+00 | B.49E-04
241-AP-102 *Am 46 46 4. 78E-01 4.78E-01 4.78E-01
241-AP-103 GA 6 6 1.68E+01 | 1.68E+01 | 1.68E+01
241-AP-104 GA 8 R 3.28E-01 3.28E-01 3.28E-01 .
241-AP-105 GA 16 2 1.0YE+01 | 6.98E400 | 1.26E+00
241-AP-106 GA 3 0 NA 2.11E+00 | 0.00E+00
241-AP-107 GA 15 2 7.77E-01 | 2.13E+00 | 1.04E-01
241-AP-108 GA 12 0 NA 3.46E+00 | 0.00E+00
241-AW-101 GA 57 8 8.27E+00 | 1.35E+01 | 1.16E+00
241-AW-102 GA 15 4 1.21E+00 | 1.47E400 | 3.24E-01
241-AW-103 GA 4 0 NA 4,82E-01 | 0.00E+00
1241-AW-104 GA 38 [ 18 3.02E+00 | 3.74E+00 | 1.43E+00
241-AW-105 GA 29 | 15 1.83E+00 | 1.02E+00 | 9.48E-01
241-AW-106 GA 5 1 2.87E+01 | 1.36E401 | 5.74E+00
241-AY-101 GA 28 2 6.62E+01 | 5.98E+01 | 5.91E+0I
241-AY-102 HAm 32 7 5.17E-01 1.94E-01 1.13E-01
241-AZ-101 GA DL DL 6.20E4+0! | 6.20E+01 | 6.20E+(1
241-AZ-102 GA 3 1 8.56E+01 | 6.99E+01 | 2.85E+0I
241-8Y-101 GA 10 10 3.72E+01 | 3. 72E+01 | 3,72E+0l
241-SY-102 GA 16 13 1.15E+01 | 1.60E+01 | 9.34E+00
241-5Y-103 GA 4 0 NA 4.59E+01 | 0.00E+00
A-16
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Table A-12. Mean ®™Sr Concentration (uCv/L), DST Liguid Sam

les

241-AN-101 1 2.00E+02 | 2.09E+02 | 2.09E+02
241-AN-102 19 19 8.47E+04 | B.47E+04 | 8.47E+04
241-AN-103 2 2 2.08E+01 | 2.08E+0t | 2.08E+01
241-AN-104 8 g 1.3IE+02 | 1.31E+02 | 1.31E+02
241-AN-105 2 2 4.14E+01 | 4.14E+01 | 4.14E+01
241-AN-107 ST 8 8 1.0lE+05 | 1.01E+05 | 1.01E+05
241-AP-101 R AT 14 14 1.33E4+02 | 1.33E+02 | 1.33E+02
241-AP-102 %51 50 50 1.45E+03 | 1.45E+03 { 1.45E+03
241-AP-103 G & ST 14 14 2.38E+02 | 2.386+02 | 2.38E+02
241-AP-104 ) 4 4 8.28E+01 | 8.28E+01 | 8.28E+01
241-AP-105 eI &St 33 33 2.13E+02 | 2.13E+02 | 2.13E+02
241-AP-106 S & St 44 44 1.54E+02 | 1.54E+02 | 1.54E+02
241-AP-107 S r&*Sr 19 18 4.05E4+01 | 4.05E+01 | 4.05E+01
241-AP-108 $908T 22 22 1.74E+02 | L.74E+02 | 1.74E+02
241-AW-101 St 7 7 3.12E+02 | 3.12E+02 | 3.12E+02
241-AW-102 | *™5r&%sr 22 21 1.58E+02 | 1.S8E+02 | 1.58E+02
241-AW-103 %S¢ 2 2 2.20E-01 2.20E-D] 2.20E-01

241-AW-104 | *™Sr&*Sr 12 12 1.60E+01 | 1.60E+01 | 1.60E+01
241-AW-105 | *™Sr&™Sr 36 36 6.51E+01 | 6.51E+01 | 6.51E+01
1241-AW-106 | *™Sr&™sr 13 13 3.82E4+02 | 3.82E+02 | 3.82E+(2
241-AY-101 s 16 16 1.89E+03 | 1.89E+03 | 1.B9E+03
241-AY-102 | "%5r&*Sr 32 32 1.19E4+03 | 1.19E+03 | 1.19E+(3
241-AZ-10! ¥ 5 6 1.20E+03 | 1.206+03 | 1.20E+03
241-AZ-102 e 6 6 1.79E+03 | 1.79E+03 | 1.79E+03
241-8Y-101 %S¢ 10 10 1.53E+03 | 1.53E+03 | 1.53E+03
241-8Y-102 samogy 34 34 2.06E+02 | 2.06E+02 | 2.06E+02
241-8Y-103 er 4 4 2 69E+03 | 2.69E+03 | 2 69E+03
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Table A-13. Data from Tanks 241-AZ-101 anq 241 AZ-IZJ

GA 12 12 8.16E+D1| B.16E+01 | Prelimi

A

B0 6 6 | 1.50E+06] 1.59E+06 |1.59E+06] TCD'

| GA DL DL __ |6.20E+01 | 6.20E+01 |6.20E+01] DL’
wROgr 6 6 1.20E+03 | 1.20E+03 [1.20E+03| TCD
TAZ-402, §

82'5,#:402 8.25E402 [3.25E+02 Preliminary
5.3TE+01 | 5.37E401 |5.37E+01] Preliminary

B0 8 8 | LOTE406 | 1.07E406 | 1075 +00] Comtinng’

GA 3 1 8.56E+01! | 6.99E4+01 |2.85E+01 TCD
) 6 6 1.79E+03 | 1.79E+03 |1.79E4-03)] TCD

'TCD: tank characterization database
*DL: detection lmit
'Combined: combined TCD & preliminary data
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APPENDIX B

B.0 UNIT LITER DOSE TABLES

Tables B-1, B-2, B-3, and B-4 list the ULD (Sv/L) for SST solid samples, SST liquid samples,
DST solid samples, and DST liquid samples. The columns labeled ULD.M1, ULD.M2, and
ULD.M3 are the ULD estimates when the below detection limit observations are omitted,
replaced by the detection limit, and replaced by zero, respectively. NA means not available.

Table

B-1. ULD SST Solid Samples {Sv/L) (2 sheets)

2.15E+02
1.86E+02
71.87TE+04
2.17E+02
3.06E4+01
2.83E+02
9.69F +02
2.42E+03

LhM2
2.18E+02
2.04E+02
7.87E+04
2.89E+02
3.30E+-01
2.83E+02
9.69E+02
2.42E4-03

2.54E+02
2.32E+02
7.87E+04
2.96E+02
3.21E+0t
2.83E+(2
9.69E+02
2.42E+03

1.90E+(2
1.78E+02
S5.91E+04
1.76E+4-02
2.47E401
1.99E+02
7.67E+02
1.56E+03

1.92E+(2
1.83E+02
5.91E+04
2.23E+02
2.63E+01
1.99E402
7.67E+02
1.56E+03

2. 15E+02
2.02E+02
3.91E+04
2.27E+02
2.57E+01
1.99E+402
7.67E4-02
1.56E+-03

241-A-101
241-AX-101
241-AX-104
241-B-106
241-B-108
- [241-B110
241-B-11]
241-B-201

[241-B-202

6.95E+02

6.99E+02

6.99E+02

1.09E+03

1.09E+03

1.09E+03

241-BX-107

2.38E+02

2.38E+02

2.38E+02

3.56E+02

3.56E+02

3.56E+02

241-BX-109

J.95E+02

4.10E+02

3.25E+02

4.96E+02

5.21E+Q2

3.88E+02

241-BX-112

3.57E+02

3.57E+{02

3.57E+(2

5.34E+02

35.34E+02

3.34E+02

241-BY-104

5. 79E+02

5.71E-+0Q2

5.40E+02

7.38E+02

1.24E+02

6.77E+02

241-BY-105

4.40E+02

5.50E+02

331E+(Q2

3.75E+02

7.45E+-02

4.05E+02

241-BY-106

1.34E+02

1286402

1.27E4(2

1.56E+02

1.46E+02

1.45E+02

241-BY-107

1.71E+02

1.56E+02

L.50E+(2

2.08E+02

1.84E+02

1.75E+02

241-BY-110

3.32E4-02

3.27E4+-02

. 24E+(2

4.08E+02

4.01E+(2

3.97E+02

241-C-103

2.88E+04

2.88E+04

2.88E+04

4.13E+04

4.13E+-04

4.13E+04

241-C-14

1.15E4+-04

1.15E+04

L 1SE+04

1.77E+04

L.77E4+-04

1.77E+(4

241-C-106

3.93E+03

5.93E+03

3.93E+03

8.68E+03

B.68E+(3

8.68E+03

241-C-108

5.65E+02

6.88E+02

4. 44E4+02

6.86E+02

B.78E+(2

4.97E+02

241-C-1(9

2.28E+03

2.28E+03

2.28E+03

2.71E+03

2.71E+03

2.71E+03

241-C-110

2.31E+02

2.31E+02

231E4(02

3.45E+(2

3.49E+02

3.49E+02

241-C-111

9.32E+03

9.32E403

9.32E+03

1. 1SE+04

L.15E+04

1.15E+04]

241-C-112

3.07E4-03

3.07E+03

3.07E+03

3.81E+03

3.81E+03

3.81E403

241-8-101

1.12E+03

1.12E+03

1.12E+03

1.52E403

1.52E+03

1.52E+03

241-S-102

3.99E+02

3.97E+02

3.95E+02

5.62E+02

5.60E+(2

5.57E+02

241-8-104

1.55E+03

1.53E+03

1.43E+03

2.17E+03

2.15E+03

1.99E+03

B-1
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Table B-1. ULD SST Solid Samples {Sv/L}) (2 sheets)

241-8-106

1.21E+02

1.176+02

1.16E+4Q02

M
1.43E402

1.37E+02

1.35E4+02

241-8-107

1.91E+03

1.91E+03

1.91E+03

2.84E+03

2.84E+03

2.84E4+03

241-5-109

2.62E+01

2.56E401

2.49E+01

3.45E+(01

3.35E+01

3.24E+0I

241-8-110

7.98E+02

7.67E4+02

7.51E+02

1.13E+4-03

1.08E+03

1.05SE+03

241-8-111

3.33E+02

3.24E+02

3.23E+02

3.93E+02

3.78E+02

3.77E4+02

241-§X-101

1.10E+03

1.02E+03

9.71E+02

1.59E+03

1.46E+03

1.39E+03

241-8X-162

6.17E+02

5.81E+02

5.79E+02

B.37E+02

7.81E+02

7.78E+02

241-8X-103

3.85E+02

S.80E+02

5.80E+02

T.I7TE+4(2

7.69E+02

7.69E+02

241-8SX-104

NA

1.95E+02

4.23E+01

NA

2.68E+02

2.92E+01

241-SX-108

1.14E+04

1.14E+04

1.14E~+04

1.56E+4-04

1.56E+04

1.56E+04

241-T-102

8.47E+02

8.47E+02

8.47E+02

1.14E+03

1.14E+03

1.14E+03

241-T-104

2.46E+02

2.46E+02

2.46E+02

3.82E+02

3.82E+02

3.82E+02

241-T-105

L1SE+03

1.15E+-03

1.15E+03

1.59E+03

1.59E+03

1.59E+03

241-T-107

5.36E+02

5.36E+02

3.36E+02

T.44E+02

7.44E+02

T44E+02

241-T-111

6.45E+02

6.45E+02

6.45E+02

1.00E+03

1.00E4-03

1.00E+03

241-T-201

1.30E+03

1.30E+03

1.36E+03

2.02E+03

2.02E+03

2.02E+03

241-T202

NA

3.80E+02

3.80E+02

NA

S.G91E+(02

S.81E+02

T 1241-T-203

NA

3.35E+02

3.35E+02

NA

5.22E+02

5.22E+02

241-T-204

2.60E+02

2,46E+402

2.46E+02

4.05E+02

3.B4E+02

3.84E+02

241-TX-113

2.69E+01

2.81E+0?

2.51E+01

3.88E+01

4.07E+01

3.61E+01

241-TX-118

3.94E+04

3.46E+04

3.46E+04

6.12E+04

5.37E+04

5.37E+0(4

241-U-102

5.18E+02

5.18E+02

5.18E+02

7.13E+02

7.13E+02

7.13E+(2

241-U-103

3. 73E+02

3.59E+02

3.54E+02

4.86E+02

4.64E+02

4.56E+02

241-U-105

1.41E+03

1.41E+03

1.41E+03

2.10E-+03

2.10E+03

2.10E+03

241-U-106

2.17E+403

2.17E4+03

2.17E+03

3.28E+03

3.28E+03

3.28E+-03

241-U-107

4.17E+02

4.05E+02

3. 79E+02

6.16E+02

5.98E+02

3.58E+02

241-U-108

1.66E+02

1.67E+02

1.61E+{02

2.02E+02

2.04E+02

1.94E+02

241-U-109

1.26E+02

1.32E402

1.25E+02

1.50E+02

1.60E+02

1.48E+02

241-U-110

1.58E+03

1.30E+03

1.02E+03

2.35E+03

1.92E+03

1.47E4+03

B-2
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B-2. ULD SST Liquid Samples (Sv/L)

rereTTITTT s

1.O4E+02

8.82E.+ 01

6.96E+01

8.58E+01

6.11E+01

241-AX-101

NA

1.21E+02

9.82E+01

NA

1.04E+(2

6.76E+01

241-BY-103

NA

3.58E+01

3.51E+01

NA

2.53E+01

2.42E+01

241-BY-105

8.14E+01

6.83E+01

6.12E+01

8.38E+01

6.33E+01

5.23E+01

241-BY-106

NA

6.45E+01

5.14E+01

NA

5.58E+01

3.53E+01

241-C-106

1.12E+03

1.12E+03

1.12E+03

1.72E+03

1.72E+03

1.72E+03

241-C-110

3.21E+00

2.18E+00

1.73E+00

4.15E+00

2.55E+00

1.85E+00

241-5-102

9.36E+01

9.37E+01

8.20E+01

7.57E+01

7.59E+01

5.76E+01

241-8-103

9.22E+0]

9.22E+01

9.22E+01

6.47E+01

6.47TE4+01

6.47E+01

241-8-106

6.86E+01

7.25E+01

6.72E+01

4.92E+01

5.53E+01

4_69E+01

241-5-109

8.49E+01

8.93E-+01

8.09E+0!

6.42E+01

7.10E+01

5.78E+01

241-S-111

6.86E+01

2.96E+02

6.85E+01

4.74E+01

4.02E+02

4.73E+01

- [241-8X-101

9.79E+02

2.45E+02

2.32E+02

1.44E+03

2.95E+02

2.73E+02

241-SX-102

1.15E+Q2

1.18E+02

1.11E+02

8.44E+01

8.94E+01

7.88E+01

241-8X-103

1.22E+02

1.27E+02

1.14E+02

5.57E+01

1.03E+02

8.13E+01

241-SX-104

7.03E+01

7.62E+02

7.02E+01

4.83E+01

1.13E+03

4.83E+01

" |241-8X-105

1.03E+02

1.02E+02

1.02E+02

7.78E+01

7.54E+01

7.54E+01

241-SX-106

9.83E+01

9.77E+01

9.52E+01

7.15E+01

7.07E+01

6.67TE+01

241-T-107

8.59E+00

8.59E+00

8.59E+00

1.15E+01

1.15E+01

1.15E+01

241-T-110

1.11E-01

1.11E-01

1.11E-01

1.71E-01

1.71E-01

1.71E-01

241-U-102

1.41E+02

1.41E+02

1.41E+02

1.22E+02

1.22E+02

1.22E+02

241-U-103

1.59E+02

1.58E+02

1.52E+02

1.43E+02

1.41E+02

1.32E+02

241-U-105

1.74E+02

1. T4E+02

1.74E+02

1.77E+02

1.77TE+02

1.77E+02

241-U-107

9.97E+01

9.79E+01

9.13E+01

7.91E+01

7.63E+01

6.60E+01

241-U-108

1.13E+02

1.14E+02

1.05SE+02

8.61E+01

8.76E+-01

7.37E+01

241-U-109

9.30E+01

9.98E+01

9.21E+01

6.54E+01

7.60E+01

6.40E+01

B-3
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Table B-3. ULD DST Solid Samples (Sv/L)

1.26E+03

1.26E+03

1.26E+03

fo

1.80E+03

1.80E+03

M3
1.80E+03

241-AN-103

1.34E+02

1.35E+02

1.}1E+02

1.20E4-02

1.22E+02

3.37E+01

241-AN-104

2.70E402

3.11E+02

2.42E+02

2.77E+02

341E+02

2.34E+02

241-AN-105

1.89E+02

1.83E+02

1.R2E+(02

1.88E+02

1.79E+02

1L.62E+02

241-AN-107

2.25E+03

2.25E+03

2.25E+03

3.27E+03

3.27E4+03

3.276+03)

241-AW-101

3.02E+02

2.32E+02

2.24E+02

3.58E+02

2.49E+2

2.36E+02

241-AW-102

5.39E+03

5.39E+03

5.39E+03

7.89E+03

7.89E+03

7.89E+03

241-AW-105

3.13E4-03

3.13E+03

3.13E+03

4.81E+03

4.BIE+03

4.81E4-03

241-AW-106

4.68E402

4.68E+02

4.68E+02

6.73E+02

6.73E+02

6.73E+02

241-AY-101

1.52E+04

1.52E+04

1.52E4+04

2.04E+04

2.04E4+04

2.04E4+04

241-AY-102

1.B2E+05

1.82E+05

1.82E4+05

2.30E+05

2.30E+05

2.30E+05

241-AZ-102

I.10E+05

1.10E+05

LL10E+05

1.64E+05

1.64E+05

1.64E+05

241-5Y-101

8.70E+02

B.42E+02

8.08E+02

1.22E+03

1.17TE+03

1.12E+03

241-8Y-102

3.94E4+04

3.94E+04

3.94E+04

6.14E+04

6.14E+04

6. 14E+04

241-8Y-103

1.64E+03

1.10E+03

8.72E+02

2.46E+03

1.63E+03

1.27E+ 03]

B-4
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2.53E401

2.53E401

Table B-4. ULD DST Liquid Samples {(Sv/L)

1.7SE+01

1.75E+01

1.75E+01

241-AN-102

3.78E+02

3.78E+02

3.718E+02

4.73E+02

4.73E+02

4.73E+02

241-AN-103

2.5TE+(2

2.35E+02

2.05E+02

2.30E+02

1.96E+02

1.50E+02

241-AN-104

1.75E+02

1.91E+02

L.64E+02

1.32E+02

1.56E+02

1.14E4-02

241-AN-105

1.30E+02

1.31E+02

1.02E+02

1.16E+02

1.17E4+02

7.26E+01

241-AN-107

1.0BE+03

1.0BE+03

1.OBE+03

1.56E+03

1.56E+03

1.56E+03

241-AP-101

4.01E+01

4.25E+01

4.01E+01

2.76E+01

3.13E+01

2.76E+01

241-AP-102

5.80E+01

5.80E+01

5.80E+01

4.11E+01

4.11E+01

4.11E+01

24 1-AP-103

3.37E+01

3.37E4-01

3.37E+01

3.89E+01

3.89E+01

3.85E+01

241-AP-104

1.68E+00

1.68E+{(0

1.68E4-00

1.51E+00

1.51E+00

1.51E+00]

241-AP-105

6.31E+01

5.98E+01

5.37E40!

3.29E+01

4.77E+01

3.81E+01

241-AP-106

1.4E+01

1.03E+01

L.O2E+01

7.60E+00

7.38E+00

7.26E+00

241-AP-107

8.39E+00

8.89E+00

6.73E+00

6.51E+00

8.11E+4+-00

4.74E+00

241-AP-108

1.79E+01

1.79E+01

1.79E+01

1.25E+01

1.25E4+01

1.25E+01

241-AW-101

1.24E+02

1.29E+02

L.16E+02

9.28E+01

1.02E+02

8.10E+01

T1241-AW-102

L.OIE+01

1.04E+01

9.16E+00

8.16E+00

8.59E+00

6.68E+00

241-AW-103

NA

5.62E+00

5.11E+00

NA

4.31E400

3.51E+00

241-AW-104

6.52E+00

7.29E+00)

4. 82E+00

7.30E+00

8.50E+00

4.65E+00

241-AW-105

5.53E+00

4.66E+00

4.59E+00

5.54E+00

4 19E+00

4.07E+00

241-AW-106

7.72E+01

6.11E+01

5.27E+01

8.00E+01

5.48E+01

4.17E4+01

241-AY-101

9.48E+01

8.80E+01

8.73E+01

1.28E+02

1.17E+02

1.16E+02

241-AY-102

2.84E+00

2.49E+00

2.41E+00

3.12E+00

2.59E+00

2.45E+00

241-AZ-101

4.62E+02

4.62E+02

4.62E-+02

3.76E+02

3.76E+02

3.76E+02

241-AZ-102

3.59E+02

3.42E+02

2.98E4+02

3.27E+02

3.01E+Q2

2.32E+02

241-8Y-101

2.88E+02

2.88E4-02

2.88E+02

2.34E+02

2.34E+02

2.34E+4-02

241-SY-102

2.61E+01

3.10E+01

2.38E+01

2.88E401

3.63E+01

2.52E+01

241-8Y-103

LO4E+02

1.O4E+02

1.04E+02

7.48E+01

7.48E+01

7.48E+01
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APPENDIX C
C.0 COMPARISON OF-ANALYTE AND ULD MEANS AND VARIANCES

Tables C-1 and C-2 are a comparison of the means and variances of radionuclide activity
(uCi/g or uCi/L) and the ULDs (Sv/L) for the three models (M1, M2, and M3) for using
below detection limit observations. M1, M2, and M3 denote the models. They denote the
cases when the below detection limit observations are omitted, replaced by the detection limit,
and replaced by zero, respectively. Num.Tanks are the total number of tanks with a
radionuclide mean or a ULD.

In Table C-1, for a given model, the first Num.Tanks value is the total number of tanks with
an analyte mean. The second Num.Tanks value is the number of tanks with the radionuclide
mean used in the ULD. For each model, the means and variances (by analyte and waste type)
are not significantly different from each other.

In Table C-2, the Num.Tanks denotes the number of tanks with analyte means used to compute
the ULD based on the three modes for using observations below the detection limit. For each

- waste type, the ULD means and variance for the three models are not significantly different
from each other.

Table C-3 lists the quantiles corresponding to the 95 and 99™ percentiles points and 95/95 and
95/99 tolerance limits based on the lognormal distribution for the three models for using
observations below detection limits.
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Table C-1, Comparison of Means (uCi/g) and Variances (1Ci/g’) by Radionuclide and
Waste Type for the Three Models ( M1, M2, and M3) for Detection Limits (2
sheets)

Wes 1 M1 58 |[1.06E+02] 1.51E+04 | 28 2.76E+05 | 2.41E+10
54  [1.10E+02! 1.59E+04 | 23 3.04E+05 | 2.04E+10
M2 61 |1.01E+02| 1.4RE+04 | 28 2.76E+05 | 2.42E+10
54 |1.10E+02]| 1.59E+04 | 23 3.04E+05 | 2.04E+10
61 [1.01E402] 1.49E+04 | 28 2.76E+05 | 2.42E+10
54 |1.10E+02| 1.59E+04 | 23 3.04E+05 | 2.04E+10
GA ML | 105 [1.21E-+00| 1.07E+01 | 43 | 9.13E+01 | 7.39E-+04
5S4 |1.35E+00| 1.52E+01 | 23 8.94E+01 6.99E+04
M2 | 109 |1.14E+00| 9.29E+00 | 54 7.74E+01 | 5.56E+04
5¢  [1.30E+00| 1.31E+01 | 23 | 9.75E+0I 5.95E+04
M3 109 [1.12E+00] 9.31E+00 | 54 5.74E+01 | 4.94E+04
54 [1.29E+00| 1.31E+01 | 23 5.55E+01 | 4.49E-+04 |
%Sr | Ml 58 |7.01E+02] 6.80E+06 | 27 1.82E4+03 | 2.76E+07
' 54 |7.01E+02| 7.20E+06 | 23 2.10E+03 | 3.21E+07

58  [7.01E+02] 6.80E+06 | 27 1.82E+03 | 2.76E+07

=
3

——
t

54 7.01E+02F7.20E+06ﬂ 23 2.10E+03 | 3.2IE+07
38 7.01E+02| 6.80E+06 27 | 1.82E+03 2.76E+07

Z =
o 8

54 |7.01E+02 23 | 2.10E+03 | 3.21E+07

. DIST Solia Samples, 1CUg. Adqiild Samples, pCY/

L Yes | M 15 [2.436+02] 3.53E+04 | 27 | 3.11E+05 | 1.57E+11
| 15 |2.43E+02| 3.53E+04 | 26 | 3.23E+05 | 1.60E+11 |

j M2 15 |2.43E+02! 3.53E+04 | 27 | 3.11E+05 | 1.57E+l1i

| 15 |2.43E+02] 3.53E+04 | 26 | 3.22E+05 | 1.60E+11

} (MB 15 |2.43E+02] 3.53E+04 | 27 | 3.11E+05 | 1.57B+11

* 15 [2.43E+02) 3.53E+04 | 26 | 3.22E+05 | 1.60E+11

| GA [ M1 19 [1.02E+01! 4.79E-+02 | 27 | 5.29E+01 | 2.48E+04

4 15 |7.35E+00] 2.24E+02 | 26 | 5.49E+01 | 2.57E+04

| M2 19 [1.02E+01)| 4.80E+02 [ 28 | 5.01E+01 | 2.39E+04

15 [7.33E+00] 2.24E+02 | 26 | S.37TE+0L [ 2.56E+04

M3 19 |[1.02E+01] 4.80E+02 | 28 | 4.41E+01 | 2.42E+04

15 |7.31E+00| 2.24E+02 | 26 | 4.75E+01 | 2.60E+04

%Se | Ml 15 [6.13E+03| 3.88E+08 | 27 | 7.41E+03 | 6.12E+08

15 16.13E+03| 3.88E+08 | 26 7.69E+03 6.34E+08
| M2 15 !6.13E403| 3.88E+08 | 27 7.41E403 6.12E+08
15 |6.13E+03| 3.88E+08 | 26 7.69E+03 | 6.34E+08
M3 15 |6.13E+03| 3.88E+08 | 27 7.41E+03 6.12E+08

C-2
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Table C-}. Comparison of Means (uCi/g} and Variances (uCi/g") by Radionuclide and
Waste Type for the Three Models ( M1, M2, and M3) for Detection Limits (2
sheets)

LK 18]
| 15 [6.13E+03] 388E+08 | 26 | 7.69E+03 | 6.34E+08 |
| ST Solid Samples, nCi/s - quid Samgp
PiCs M1 58 1.06E+02| 1.51E+(4 | 28 2.76E+05 2.41E+10
54 |1.10E+02] 1.59E404 | 23 | 3.04E+05 | 2.04E+10
M2 61 |1.0IE+02]| 1.48E4+04 | 28 | 2.76E+05 | 2.42E+10
| 54 11.10E+02| 1.59E+04 | 23 3.04E+05 | 2.04E+10
M3 | 61 [1.01E+02| 1.49E+04 [ 28 2.76E+05 | 2.42E+10
| 54_ [1.10E+02( 1.59E+04 | 23 3.04E+05 | 2.04E+10
GA MI 105 [1.21E+00{ 1.07E+01 | 43 9.13E+01 7.39E+04 |
54 [1.3SE+00] 1.52E+01 | 23 | 8.94E+01 | 6.99E+04
M2 | 109 |1.J4E+00] 9.29E+00 | 54 | 7.74E+01 | 5.56E+04
l s4  [1.30E+00| 1.31E+01 | 23 9.75E+01 5.95E+04
[ M3 | 109 '1.12E+00] 9.31E+00 | 54 5.74E+0]1 | 4.94E+04
l 54 |1.29E+00| 1.31E+01 | 23 | 5.55E+01 | 4.49E+04
%Sy [ S8 [7.01E+02| 6.80E+06 | 27 1.82E+03 | 2.76E+07 |
54 [7.01E+02| 7.20E+06 2.10E+03 | 3.21E+07
| 58 T7.01E+02%6.80}3+06 1.82E+03 | 2.76E+07
54 |7.00E+02]| 7.20E+06 | 23 2.1064+03 | 3.21E+07
S8 |7.01E+02] 6.80E+06 | 27 1.82E+03 | 2.76E+07
1 54 |7.0lE+02] 7.20E+06 | 23 | 2.10E+03 | 3.21E+07
| - . DST Solid Samples, uCifg ST Liquid Samples, nCil
Yes | M1 15 [2.43E+02] 3.53E+04 | 27 3.11E+05 1.57E+11
15 [2.43E+02] 3.53E+04 | 26 3.23E+05 1.60E+11
M2 | 15 [2.43E+02] 3.53E+04 | 27 | 3.11E+05 | L.5TE+11 |
15 12.43E+02| 3.53E+04 | 26 | 3.22E4+05 | 1.60E+11
M3 ‘ 15 12.43E+02| 3.53E+04 | 27 | 3.JIE+05 | 1.5TE+1]
15 |2.43B402]| 3.53E+04 | 26 | 3.22E+05 LGOE+11
GA Ml | 19 |1.02E+01| 4.79E+02 | 27 5.290E+01 | 2.4BE+04 |
|15  |7.35E+00] 2.24E+02 | 26 | 549E4+01 | 2.57TE+04
M2 | 19 [1L02E+01[ 4.80E+02 | 28 5.01E+01 2.39E+04
1S 17.33E+00| 2.24E+02 | 26 5.37E+01 | 2.56E+04
[ M3 19 11.02E+01| 4.80E+02 | 28 4.41E+01 | 2.42E+04
! 15 17.31E+00| 2.24E+402 | 26 | 4.75E+01 | 2.60E+04
MSr | Ml 15 16.13E+03] 3.88E+08 | 27 | 7.41E+03 | 6.12E+08
15 ]6.13E+03] 3.88E+08 | 26 | 7.69E+03 | 6.34E+08
M2 15 |6.13E+03]| 3.88E+08 | 27 | 7.41E4+03 | 6.12E+08
15 [6.13E+03]| 3.88E+08 | 26 | 7.69E+03 | 6.34E+08
M3 15 |6.13E+03| 3.88E+08 | 27 | 7.41E+03 | 6.12E+08
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Table C-1. Comparison of Means (uCi/g) and Variances (pCi/g*) by Radionuclide and
Waste Type for the Three Models ( M1, M2, and M3) for Detection Limits (2

heets

7.60E+03 | 6.34E+08
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Table C-2. Comparison of Means (Sv/L) and Variances (Sv/L? of ULDs by
Waste Type for the Three Models (M1, M2, and M3) for
Detection Limits

LD lid
M1 54 3.68E+03 | 1.05E+08

1.73E+02

M2 57

| 3.39E+03 |

7.90E+04
3.41E+03 | 9.44E+07 | 1.70E+02 | 5.86E+04
9.45E+07 [.28E+02 | 4.37E+04

D DT Liquid Sampl

L.48E+02

5.35E+

1.41E+0Q2

5.19E+04

1.ASE-+02

5.13E+04

C-5

5.19E+0) [2.03E+02 | 1.92E+05
M2 4.80E+03 1.99E+02 | 1.44E+05
M3 a0 [ 135E+02 |
TTMI |5 3330404 | 4BEL09 36 | 15Er02] 9.82E+04 |
L M2 15 | 3.32E+04 | 4.82E+09 1.49E+02 | 9.48E+04
L M3 | 15 | 3.31E+04 | 4.83E+09 | 1.39E+02 | 9.48E-+04
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Table C-3. Quantiles (Sv/L) Correspanding to the 95 and 99" Percentiles Points
and 95/59 and 95/99 Tolerance Limits (Sv/L) for the Lognormal
Distribution for the Three Models for Below Detection Limit
Observations

T Solid o
1.06E+04 | 3.26E+04

1.63JE+(4

M2 9.43E+03 | 2.84E+04 6.35E+04
M3 TOE 104
M1 23 1445403 | S.01E+03 | 5.04E+03 | 2.5IE+04
M2 26 1.43E+03 | 4.83E403 | 4.43E403 | 2.05E4+04
M3 26 1,01E+03 | 3.21E+03 | 2.95E+03 | 1.28E+04
M1 15 L 07E+05 [ 5. 695+05 8.82E405 | 7.84E4+06
M2 15 1.O6E+05 | 5.13E+05 | B.91E+05 | 8.07E+06
M3 LOSE+05 9.0BE 406
M1 26 7.97E'+'oi 2.53E4+03 | 2.33E+03 | 1.00E+04
M2 27 7 S4E+02 | 2.43E403 | 2.18E+03 | 9.79E+03

9.50E403

M3 27 | 7.12E+02 | 2.32E+03

F. ; 887 Solid Samples, Sv
M1 54 | 1.51E+04 | 4.77E+04 | 2.99E+04 | 1.14E+05
M2 57 [ 1356+04 | 4 16E+04 | 2 575404 | 5 43E+04
M3 |57 | 1.40E+04 | 4.51E+0 05
M1 53 ] LIGE+03 | 3.88E403 | 3.89E+03 | 1.84E+04
M2 26 1276403 | 4.18E403 | 3.84E+03 | 1.74E+04
M3 26 7.32E402 | 2.21E+03 | 2.05E+03 | 8.276-+03
M1 15 1676405 | 8. S3E+05 1.5IE+06 | 1.49E+07
M2 15 1.65E+05 | 8.576+05 | 1.53E+06 | 1.53E+07
M3 15 1.75E+05 | 9.57E+05 | 1.74E+06 | 1.88E+07
M1 26 7685402 | 2.51E403 | 2.31E403 | 1.03E404
M2 27 T.24E+02 | 2.40E403 | 2.15E+03 | 1.00E+04
M3 27 6.45E4+02 | 2.18E+03 | 1.94E403 | 9.295+03
C-6
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AFPPENDIX D
D.0 S-PLUS FUNCTIONS FOR COMPUTING THE ULD

Two S-PLUS functions were written to convert nCi/g or #Ci/L to Sv/L and to the ULD. The
functions are called SLD.ULD.fn, and LOD.ULD.fn. The first function is for solid samples,
and the second is for liquid samples. -

For each type of sample, the means for "’Cs, GA (gross alpha), and *Sr were stored in four
$-PLUS data frames called SST.SLD.df, SST.LQD.df, DST.SLD.nu.AZ.df, and
DST.LQD.nu.AZ.df. The first column of each data frame lists the name of the tank.
Columns 2, 3, and 4 list the means for "’Cs for each of the three models (M1, M2, and M2)
for using observations below the detection limit. Likewise, columns 5, 6, and 7 list the three
means for GA, and columns 8, 9, and 10 list the three means for ®Sr. These are the means
reported in Appendix A.

The two S-PLUS functions use the conversion factors Bq/uCi, g/L, and Sv/Bq given in

Table 1 to convert uCi/g or uCi/L to Sv/L for each of *’Cs, GA, and ®Sr, Note that there are
two conversion factors for Sv/Bq, one based on ICRP-68 and the other on ICRP-71. The Svw/L
values are stored in columns 11, 12, and 13 for ¥Cs, in columns 14, 15, and 16 for GA, and
in columns 17, 18, and 19 for *¥Sr. Note that ™Y is included as a multiple of ®Sr. Columns
20, 21, and 22 contain the ULD for each of the three models M1, M2, and M2, The ULD is
the sum of the Sv/L for ’Cs, GA, and ¥Sr. The last 16 columns are then named according to
the units. That is columns 11 to 13 are called "Cs.SvPL.M1", "Cs.SvPL.M2",
‘Cs.SvPL.M3", columns 14 to 16 are called GA.SYPL.M1", "GA.SvPL.M2",
*GA.SvPL.M3", columns 17 to 19 are called SrY.SvPL.M1", "SrY.SvPL.M2",
*SrY.SvPL.M3", and columns 20 to 22 are called "ULD.M1", "ULD.M2", "ULD.M3".

These two S-PLUS functions generate eight new data frames. The data frames for SSTs are
called ULD.SST.ICRP68.SLD.df, ULD.SST.ICRP71.SLD.df, ULD.SST.ICRP68.LQD.df,
and ULD.SST.ICRP71.L.QD.df. The data frames for DSTs are ULD.DST.ICRP68.SLD.df,
ULD.DST.ICRP71.SLD.df, ULD.DST.ICRP68.LQD.df, and ULD.DST.ICRP71.LQD.df.
The last three columns of each data frame, without most of the missing values, e.g., the NA's,
are the ULD values given in Appendix B.
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D1.0 THE S-PLUS FUNCTION SLD.ULD.FN

SLD.ULD.fn=
function(df1, df2)

#for SOLID samples, dfl1=SST.SLD.df, df2=DST.SLD.nu.AZ.df
dfl[, 113 <- dfi[, 2] ® (37000) * (1600) * (6.7e-009)
dfl(, 12] <- df1[, 3] * (37000) * (1600) ® (6.7e-009)
dfl[, 13] <- df1[, 41 * (37000) * (1600) * (6.7e-000)
dfl[, 141 <- df1[, 51 ® (37000) * (1600) * (2.89e-005)
dfl[, 15] <- df1[, 6] * (37000) * (1600) * (2.89¢-005)
dfl{, 16] <- df1[, 7] * (37000) ® (1600) * (2.89¢-005)
dfl[, 17] <- dfl[, 8] * (37000) * (1600) ® (3e-008 + 1.7¢-009)
dfl[, 18] <- df1[, 9] * (37000) * (1600) * (3¢-008 + 1.7e-009)
dflf, 19] <- dfl[, 10] * (37000) * (1600) * (3e-008 + 1.7e-009)
dfl[, 20] <-df1[, 11] + dfl[, 14] + dfl[, 17]
dflf, 21] <-dfl[, 12] + df1], 15] + df1[, 18]
dfl[, 22] <-dfl1[, 13] + df1], 16] + df1f, 19]
names(df1)[11:13] <- ¢("Cs.SvPL.M1", "Cs.SvPL.M2*, *Cs.SvPL.M3"}
names(df1)[14:16] <- c("GA.SvPL.M1", "GA.SvPL.M2", "GA.SvPL.M3")
names(df1)[17:19] <- c("SrY.SvPL . M1", "SrY.SvPL.M2", "SrY.SvPL.M3")
names(df1)[20:22] <- ¢("ULD.M1", "ULD.M2", "ULD.M3")
ULD.SST.ICRP68.SLD.df < <- dfl
df2[, 11] <- df2[, 2] ® (37000) * (1600) * {6.7¢-009)
df2], 12] <-df2[, 3] ® (37000) * (1600) * (6.7e-009)
df2[, 13} <-df2[, 4] * (37000) * (1600) * (6.7¢-009)
df2, 14} <- df2[, 5] * (37000) * (1600) * (2.89e-005)
df2{, 15} <- df2[, 6] * (37000) * (1600) ® (2.89e-005)
df2[, 16} <- df2[, 7] * (37000} ® (1600) * (2.89e-005)
df2[, 17} <- df2[, 8] ® (37000) ® (1600) * (3e-008 + 1.7e-009)
df2[, 18] <- df2[, 9] * (37000) * (1600) * (3e-008 + 1.7e-009)
df2[, 19] <-df2[, 10] * (37000) * (1600) * (3008 + 1.7e-009)
df?[, 20) <-df2[, 11] 4+ df2[, 14] + df2[, 17]
df2[, 211 <-df2[, 12] + df2[, 15] + df2[, 18]
df?[, 22] <- df2[, 13] + df2[, 16] + df2[, 19]
names(df2)[11:13] <- ¢("Cs.SVvPL.M1", "Cs.SvPL M2", "Cs.SvPL.M3")
names(df2)[14:16] <- ¢("GA.SvPL.M1", "GA.SvPL.M2", "GA.SvPL.M3")
names(df2)[17:19] <- c("SrY.SvPL.M1", "SrY.SvPL.M2", "SrY.SvPL.M3")
names(df2)[20:22] <- ¢("ULD.,M1", "ULD . M2", "ULD.M3")
ULD.DST.ICRP68.SLD.df < <- df2
dfl[, 11] <- df1f, 2] * (37000} * (1600) ® (4.6e-009)
df1[, 12] <- dfif, 3] ® (37000) ® (1600) * (4.6e-009)
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dflf, 13] <- df1[, 4] ® (37000) ® (1600) * (4.6e-009)

dflf, 14] <- df1[, 5] * (37000) ® (1600) * (4.5¢-005)

dfl[, 15]) <- df1[, 6] * (37000) ® (1600} * (4.5e-005)

dflf, 16] <- df1[, 7] ® (37000) * (1600) * (4.5e-005)

dfif, 17] <-dfl[, 8 ® (37000) * (1600) * (3.6e-008 + 1.5e-009)

dfl[, 18] <- df1[, 9] * (37000) ® (1600) ® (3.6e-008 + 1.5¢-009)

dflf, 19] <- dfI[, L0] * (37000) * (1600) * (3.6e-008 + 1.5e-009)

df1[, 20] <- df1[, 11] + df1[, 14] + dfi], 17]

dfi[, 21] <-dfl[, 12] + dfl[, 15] + df1[, 18]

dfl[, 22] <- dfl[, 13] + dfl[, 16] + df1[, 19]

names(df1)[11:13] <- ¢("Cs.SyPL.M1", “Cs.SvPL.M2", "Cs.SvPL.M3")
names(df1)[14:16] <- c("GA.SVPL.M1*, "GA.SvPL.M2", *GA.SvPL M3")
names(df1)[17:19] <- c("SrY.SvPL.M1", "SrY.SvPL.M2", "SrY.SvPL.M3")
names(df1)[20:22] <- c{"ULD.M!", "ULD.M2", "ULD.M3")

ULD.SST ICRP71.SLD.Af < <- dfl

df2[, 11] <- df2[, 21 * (37000) * (1600} * (4.6e-009)

df2[, 12] <- df2[, 3] ® (37000) * (1600} * (4.6e-009)

df2[, 13] <-df2[, 4] ® (37000) * (1600) * (4.6e-009)

df2[, 14] <- df2[, 5] ® (37000) * (1600) * (4.5¢-005)

df2[, 15] <- df2[, 6] * (37000) * (1600) * (4.5e-005)

df2[, 16] <- df2f, 7] * (37000) * (1600) * (4.5e-005)

df2[, 17] <-df2[, 8] * (37000) * (1600) * (3.6e-008 + 1.5¢-009)

df2f, 18] <- df2[, 9] * (37000) * (1600) * (3.6e-008 + 1.5¢-009)

df2[, 19] <-df2[, 10] ® (37000) ® (1600) * (3.6e-008 + 1.5¢-009)

df2[, 20] <- df2{, 11] + df2[, 14] + df2[, 17]

df2f, 21] <-df2[, 12] + df2[, 15] + df2[, 18]

df2[, 22] <- df2[, 13] + df2[, 16] + df2[, 19]

names(df2)[11:13] <- ¢{"Cs.SvPL.M1", "Cs.SvPL.M2", "Cs.SvPL.M3")
names(df2)[14:16] <- c("GA.SVPL.M1*, "GA.SvPL.M2", "GA.SvPL.M3")
names(df2){17:19] <- c("SrY.SvPL.M1", "SrY.SvPL.M2*, "SrY.SvPL.M3")
names{df2)[20:22] <- ¢("ULD.M1*, *"ULD.M2", "ULD.M3")
ULD.DST.ICRP71.SLD.df < <- df2

D2.0 THE S-PLUS FUNCTION LQD.ULD.FN

LQD.ULD.fn=
function(df1, df2)

#for LIQUID samples, df1=SST.LQD.df, df2=DST.LQD.nu.AZ.df

df1[, 11] <- dfi[, 2] ® (37000) * (6.7¢-009)
df1[, 12] <- dfi[, 3] * (37000) * (6.7e-005)
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df1[, 13] <- dfl{, 4] ® (37000) * (6.7¢-009)

df1[, 14] <- df1f, 5] * (37000) * (2.89e-005)

dfl[, 15) <- dfl{, 6] * (37000) ® (2.89e-005)

df1[, 16] <- dflf, 7] * (37000) * (2.89e-005)

df1[, 17] <- dfl[, 8] * (37000) * (3e-008 + 1.7¢-009)

df1[, 18] <- dfl{, 9] * (37000) * (3e-008 + 1.7e-009)

df1[, 19) <- dfif, 10] ® (37000) * (3¢-008 + 1.76-009)

dfl[, 20] <- dfl[, 11] + of1[, 14] + dfl[, 17

df1[, 211 <- dfl[, 12] + df1{, 15] + dfl[, 18]

dfl[, 22] <- dfl[, 13] + dfl{, 16] + dfl[, 19}

names(df1)[11:13] <- c("Cs.SvPL.M1", "Cs.SvPL.M2", "Cs.SvPL.M3")
names(df1){14:16] <- c("GA.SVPL.M1", "GA.SVPL.M2", "GA.SvPL.M3")
names(df1)[17:19] <- c("SrY.SvPL.M1", "SrY.SvPL.M2", "SrY.SvPL.M3")
names(df1)[20:22] <- ¢("ULD.M1*, *ULD.M2", *ULD.M3")
ULD.SST.ICRP68.LQD.df < <- dfl

df2[, 113 <- df2[, 2] * (37000) * (6.7e-009)

df2[, 121 <- df2[, 3] * (37000) * (6.7¢-009)

df2[, 13] <- df2[, 4] * (37000) * (6.7¢-009)

df2[, 14] <- df2[, 5 * (37000) * (2.89¢-005)

df2[, 15] <- df2[, 6] * (37000) ® (2.89e-005)

df2[, 16] <- df2[, 7] * (37000) * (2.89¢-005)

df2(, 17} <- df2[, 8] * (37000) * (3e-008 + 1.7e-009)

af2[, 18] <- df2[, 9] * (37000) ® (3e-008 + 1.7e-009)

af2[, 19) <- df2[, 10] * (37000) * (3e-008 + 1.7e-009)

df2[, 20] <-df2[, 11] + df2{, 14) + df2[, 17]

df2[, 21] <- df2[, 12] + df2[, 15] + d2[, 18)

df2[, 221 <- df2[, 13] + df2], 16] + df2(, 19]

names(df2)[11:13] <- ¢("Cs.SVPL.M1", "Cs.SvPL.M2", "Cs.SvPL.M3")
names(df2)[14:16) <- c("GA.SVPL.M1", "GA.SvPL.M2", "GA.SvPL.M3")
names(df2)[17:19] <- c("SrY.SvPL.M1", *SrY.SvPL.M2", "SrY.SvPL.M3")
names(df2)[20:22] <- ¢("ULD.M1", "ULD.M2", "ULD.M3")
ULD.DST.ICRP68.LQD.df < <- df2

dfi[, 11] <- dfl[, 2] * (37000) * (4.6e-009)

dfl[, 12] <- dfl[, 3] * (37000) * (4.6e-009)

dfli[, 13] <- dfl[, 4] ® (37000) * (4.6e-009)

dfl[, 14} <- dfl[, 5] * (37000) * (4.5¢-005)

df1[, 15] <- dfl[, 6] * (37000) * (4.5¢-005)

df1[, 16] <- dfIf, 7] ® (37000) * (4.5¢-005)

dfi[, 17]) <- df1[, 8] ® (37000) * (3.6e-008 + 1.5e-009)

df1[, 18) <- dfl[, 9] ® (37000) ® (3.6e-008 + 1.5¢-009)

dfi[, 18] <- dflf, 10] ® (37000) ® (3.6¢-008 + 1.5e-009)

df1[, 20] <- df1[, 11] + df1[, 14] + df1[, 17)

dfl(, 21] <- dfl[, 12] + dft{, 15] + dfl[, 18]

dflf, 22] <- dfl[, 13] + df1[, 16] + df1[, 19]

names(df1){11:13] <- ¢("Cs.SvPL.M1", "Cs.SvPL.M2", "Cs.SVPL.M3")

D4

C-62




RPP-5924 REV 0

HNF-4534 Rev. 1

names(df1)[14:16] <- ¢("GA.SVvPL.M1", "GA SvPL.M2", "GA.SvPL.M3")
names(df1)[17:19] <- c{*SrY.SvPL.M1", "SrY_SvPL.M2", "SrY.SvPL.M3")
names(df1)[20:22] <- ¢("ULD.M1", "ULD.M2*, "ULD.M3")
ULD.SST.ICRP71.LQD.df < <- dfl

df2], 111 <- df2[, 2] ® (37000) * (4.6e-009)

df2f, 12] <-df2f, 31 * (37000) * (4.6e-009)

df2{, 13] <- 4f2{, 4] ® (37000) * (4.6e-009)

df2[, 14] <- df2[, 5] * (37000} * (4.5¢-005)

df2[, 15] <- df2[, 6] ® (37000) * (4.5¢-005)

df2[, 16] <- df2f, 7] * (37000) * (4.5e-005)

df2[, 17] <- df2[, 8] * (37000) * (3.6e-008 + 1.5¢-009)

df2[, 18] <- df2{, 9] ® (37000} * (3.6e-008 + 1.5e-009)

df2[, 19] <- df2f, 10} * (37000) * (3.6e-008 + 1.5¢-009)

df2[, 20] <-4f2[, 111 + df2[, 14] + df2[, 17]

df2[, 21] <-4f2(, 12] + df2[, 15] + df2[, 18]

df2[, 22] <-df2], 13] + df2[, 16] + df2{, 19]

names{df2)[11:13] <- ¢(*Cs.SvPL.M1*, “Cs.SvPL.M2", "Cs.SvPL.M3")
names{df2)[14:16] <- c¢("GA.SvPL.M1", "GA.SvPL.M2", "GA.SvPL.M3")
names(df2)[17:19] <- ¢("SrY.SvPL.M1", "SrY.SvPL.M2", "SrY.SvPL.M3")
names(df2)[20:22] <- ¢("ULD.M1", "ULD.M2", "ULD.M3")
ULD.DST.ICRP71.LQD.4f < <-df2
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Conclusions consistent with analytical results and applicable limits.

Results and conclusions address all points required in the problem statement.

Format consistent with appropriate NRC Regulatory Guide or other standards.
* Review calculations, comments, and/or notes are attached.

Document approved.
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validity justified.
Hand calculations checked for crrors. Spreadsheet results should be treated exactly the
sam¢ as hand calculations.
Software input correct and consistent with document reviewed.
Software ouiput consistent with input and with results reported in document reviewed.
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=10 10 1 Necessary assumptions explicitly stated and supported.
BL10 11 1 Computer codes and data files documented.
Bell 10 ] Data used in calculations explicitly stated in document.
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(>4 Limits/criteria/guidelines applied to analysis results are appropriate and referenced.
Limits/criteria/guidelines checked against references.
[ 14 Safety margins consistent with good engineering practices.
[ 17 ] Conclusions congistent with analytical results and applicable limits.
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[ 10 1 Document approved (for examnple, the reviewer affirms the technical aceuracy of the
document).
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