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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
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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.

4-4
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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).
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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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