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Task Order # 94-041 Month/Year _March, 1994
Send Monthly Status Report by the 10th of each month to:
Dr. Ratib Karam, ERDA
Neely Nuclear Research Center
900 Atlantic Drive

Atlanta, GA 30332-0405
University Georgia Institute of Technology PI Dr, Nolan E, Hertel
Project Title Consolidated Incineration Facility Health Risk Assessment

WSRC Technical

Period of Performance: From_3/1/94 To 3/31/94 Representative_Don Burge

A. Project Accomplishments:

Initiated Task Order Work. :

Toured CIF on March 14 to clarify flow streams and hardware.

Began summarizing waste streams for CIF feed characterization to develop emissions source.
Obtained CET 89 code (see attached description).

Obtained CAD-88 mainframe computer code

Letters sent to ERDA Independent Review Panel members to select date in May for the first review.

Snhph LW~

B. Milestones achieved (Based on those identified in the Task Order):

None specified for this time frame.

C. Problems Encountered:

1. Georgia Tech accounts not available until 3/24/94.
2. Encountered lack of data on emissions from compactors.




Attachment
Monthly Report For March 1994

The following list of activities took place in March on the CIF emission estimation include the
following:

L

An Environmental Engineering graduate student, Mike Robinson, has been recruited to work
on the project, work that will lead to a thesis master's degree. He has begun the work, and
will continue through spring, summer, and fall quarters, finishing in December, 1994. The
other graduate student on the project, Michelle Coward, is working on the risk assessment.

On a second visit to SRS we toured the CIF under construction and now have a clearer
picture of the incineration system hardware and flow streams. We have a better handle on
incinerator operating parameters as well.

Our major efforts to date have been to distill from the volumes of reports and data that we
have received an input feed composition (mean and range) for the four waste streams to be
delivered to the incinerator: organic liquids (high heating value), aqueous liquids (low heating
value), solid wastes, and DWPF (mostly benzene). Our goal is to summarize the waste
characterization and incinerator operating conditions in a five to ten page document that we
circulate for comment the week of April 11. This will serve as the starting point for the
emission estimation.

We have obtained a copy of the NASA code CET89 for calculating the complex chemical
equilibrium composition of gases and condensed phases for specified thermodynamic states
(e.g., T, P). This will be useful in the estimating the speciation and phase of inorganic matter
(e.g., metals) in the incinerator and post combustion gas stream. Particle removal efficiencies
will depend on particle size distribution, with particular attention given to the partitioning of
toxic metals between the fine condensation aerosols and the residual and fragmented particles.
The code comes with a large data base. Our next goal will be to get this code up and running.

Organic emissions are very sensitive to non-mean reaction conditions, such as transient puffs
in batch feed incinerators and rogue droplets in continuous feed systems. Our approach will

. be to identify classes of organic compounds that can be produced given the types of wastes

being fed, then look at measured emissions from other rotary kilns (pilot scale and field) to
provide an estimate of organic emissions. Trying to model mixing phenomena with the
complex byproduct chemistry to estimate emissions iS beyond the scope of this work.
Furthermore, this approach is not recommended for organics as that level of detailed modeling
has not been shown to be effective in large scale simulations.



(2

In addition to these activities, a literature review was performed in support of the compactor
emission source term. Work continues to place the emission fractions found in this literature
survey. The methodology report for review for the Independent Review Panel was started and
should be finished by 4/8/94. The CAP-88 code mainframe version was received from ORNL and
is being compiled for use in the compactor health risk comparison report. Currently we have
CAP-88PC working and are doing some preliminary analyses for the dose comparison with it.
Letters were sent to members of the ERDA Independent Review Panel to inform them of the
funding of the task order and to set up the first review meeting sometime between May 5 and May
23.



~ ‘ : , Y 5 N |
THE GEORGE W. WOODRUFF SCHOOL OF ~
: MECHANICAL ENGINEERING ¥,

Georgia Institute of Technology
Atlanta. Georgia 30332-405
USA

404-894-3717

May 11, 1994

Dr. Ratib Karam

ERDA

Neely Nuclear Research Center
900 Atlantic Drive

Atlanta, GA 30332-0425

Dear Dr. Karam:

Please find enclosed my Monthly Status Report for Task Order #94-041, "Consolidated Incinerat-
ion Facility Health Risk Assessment” for the month of April, 1994.
/ /]

A§4‘7§’ly’ A7

728
'lp\Iolan E. Heu'({l =
NEH/bc
Enclosures
cc: OCA/CSD
J. Mulholland
D. Burge

File




N ERDA MONTHLY STATUS REPORT
Task Order # 94-041 Month/Year _April, 1994

Send Monthly Status Report by the 10th of each month to:
Dr. Ratib Karam, ERDA
Neely Nuclear Research Center
900 Atlantic Drive
Atlanta, GA 30332-0405

University Georgia Institute of Technology PI Dr, Nolan E, Hertel

Project Title Consolidated Incineration Facility Health Risk Assessment

WSRC Technical
Period of Performance: From_4/1/94 To 4/30/94 Representative___Don Burge

A. Project Accomplishments:

Prepared methodology working paper.

Drafted Compactor/Incinerator Health Impact Comparison.
MET89 Code Running.

Draft Emissions Report partially complete.

el ol M

B. Milestones achieved (Based on those identified in the Task Order):

1. Methodology Working Paper delivered to Independent Review Committee.
2. Draft of Health Impacts for Compaction versus Incineration of Job Control Wastes.

C. Problems Encountered:

1. Problems with RADRISK data file for CAP-88 mainframe version.
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404-894-3717
June 10, 1994
Dr. Ratib Karam
ERDA
Neely Nuclear Research Center
900 Adantic Drive

Atlanta, GA 30332-0425
Dear Dr. Karam:

Please find enclosed my Monthly Status Report for Task Order #94-041, "Consolidated Incinerat-
ion Facility Health Risk Assessment” for the month of May, 1994.

Sincergly,
/1

/Nolafi E. Hertel

NEH/bc

Enclosures

cc: OCA/CSD
J. Mulholland
D. Burge
File
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Task Order # 94-041 Month/Year _May, 1994

Send Monthly Status Report by the 10th of each month to:
Dr. Ratib Karam, ERDA
Neely Nuclear Research Center
900 Atlantic Drive
Atlanta, GA 30332-0405

University Georgia Institute of Technology PI Dr. Nolan E. Hertel

Project Title Consolidated Incineration Facility Health Risk Assessment

WSRC Technical
Period of Performance: From_5/1/94 To 5/31/94 Representative__Don Burge

A. Project Accomplishments:
1. Draft Report on Inorganic Emissions Completed.

2. Independent Review Panel convened on 5/26/94 to review Methodology and Inorganic Emissions

Draft Report. (Comments attached.)
3. CAP-88 Mainframe Version running.

B. Milestones achieved (Based on those identified in the Task Order):

1. Review of Methodology.
2. Partial completion of Draft CIF Emissions Report.

C. Problems Encountered:

1. Need additional time to complete estimates of CIF Organic Emission Term.




Comments of Independent Review Panel For
SRS Consolidated Incineration Facility
Meeting Held May 26, 1994
Atlanta, GA

June 3, 1994

C. O. Velzy, Chairman
Panel Members

Dr. R. J. Charbeneau Dr. C. C. Travis
Dr. R. D. Cox Dr. F. W. Whicker

1.

Dr. Mulholland stated that negligible amounts of mercury in the emission stream will exist in
the vapor state since the stream will be cooled to 180°C. At this temperature mercury has a
significant vapor pressure. Accordingly, the panel would like to see a mathematical
demonstration that the amount of mercury emissions in the vapor state at 180°C is
actually negligible. This should also be done for lead. The Panel further recommends
that the predicted metal/radionuclide emission data be compared with actual data from
tests of hazardous waste incinerators and/or municipal waste incinerators.

The Panel is not aware of any HEPA filter applications on hazardous waste incinerators (or
municipal waste incinerators). Do such installations exist and is there operating data to
support the anticipated control efficiencies? If not, what is the basis of the anticipated

efficiencies?

The Panel suggests making a two tiered assessment of health impacts from
metals/radionuclides. The first assessment would be the health impacts of the most likely
emission projectons. The second assessment, perhaps as a part of the sensitivity analysis,
would project health impacts at higher emissions than currently anticipated (i.e. perhaps at 3
orders of magnitude higher than presenuy projected most likely levels) to ascertain what
levels of metals/radionuclide concentrations might result in adverse health impacts. These
higher emission levels could perhaps result from anticipated future changed operating
conditions. This information could provide guidance as to changes in waste composition
required to allow future operations at higher waste throughout capacities.

The Panel considers the general methodology and anticipated use of models, as
described at this meeting, to be satisfactory. However, we feel that the time frame
indicated to mount the programs outlined, become familiar with their application, and
effectively and efficiently utilize the programs to be optimistic. In the interest of
shortening this initial application time frame and enhancing the quality of the input, Dr.
Whicker has offered to review and evaluate the basic input assumptions and anticipated use
of site specific parameters. Dr. Whicker also feels he can be helpful in suggesting use of
certain multivariate analysis techniques to investigate the impact of changes in

interdependent model parameters.



(2)

. The Panel feels that it would be desirable to compare predicted mercury and lead
emission levels, as dispersed in the environment, to existing background levels. Other
information that may be of interest to the investigators, and may be useful in developing the
final report, are several (perhaps 3) studies of impacts of municipal incinerator operation on
local background pollutant levels (source of reference: Dr. Curtis Travis). We also feel that
risks from radionuclide emissions should be compared to risks from background levels

of naturally occurring radionuclides.

. Dose response data for lead may not be available. If this is the case, lead should not be
discarded because of the public concern over this metal, especially with respect to adverse
health impacts on children. Because of this concern, the Panel recommends that the
specific impact of lead on children be demonstrated. If the proposed modeling
methodology is not capable of this, there is an EPA program that calculates blood lead levels
based on soil, water and food intake (source of reference: Dr. Robert Cox).

. The Panel recommends that the impact of resuspension of pollutants be considered
with respect to the local impact of deposition (both wet and dry). Such resuspension
impacts can be taken into account by rather straight-forward modifications to the basic
impact programs (such modifications can be described by Dr. Whicker).

. Methodology and results of quantification of organic emissions and health impacts have yet
to be reviewed and evaluated as they were not yet available.
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- ERDA MONTHLY STATUS REPORT : 'f?’
Task Order # 94-041 Month/Year _June, 1994

Send Monthly Status Report by the 10th of each month to:
Dr. Ratib Karam, ERDA
Neely Nuclear Research Center
900 Atlantic Drive
Atlanta, GA 30332-0405

University Georgia Institute of Technology PI Dr, Nolan E, Hertel
Project Title Consolidated Incineration Facility Health Risk Assessment

WSRC Technical
Period of Performance: From_6/1/94 To 6/30/94 Representative___Don Burge

A. Project Accomplishments:

1. CAP-88 Runs performed for compactor and incinerator.
2. Organic emissions study ongoing.

B. Milestones achieved (Based on those identified in the Task Order):

1. Second version of Compactor vs. Incinerator Dose Comparison Report completed.

C. Problems Encountered:
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ERDA MONTHLY STATUS REPORT

Task Order # 94-041 Month/Year _July, 1994
Send Monthly Status Report by the 10th of each month to:
Dr. Ratib Karam, ERDA
Neely Nuclear Research Center
900 Atlantic Drive

Atlanta, GA 30332-0405 ] -

University Georgia Institute of Technology PI Dr, Nolan E, Hertel

Project Title Consolidated Incineration Facility Health Risk Assessment

WSRC Technical
Period of Performance: From_7/1/94 To //31/94 Representative___Don Burge

A. Project Accomplishments:

1. CAP-88 Runs for total radionuclide dose from CIF.
2. CIF Organic emissions calculations.

B. Milestones aciiieved (Based on those identified in the Task Order):
1. Draft Report to WSRC on Organic Emissions.

2. Draft Report to WSRC on Total Radionuclide Doses for CIF (CAP-88).
3. Installation of CRRIS code package instituted.

C. Problems Encountered:
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ERDA MONTHLY STATUS REPORT

Task Order # 94-041 Month/Year _August, 1994
Send Monthly Status Report by the 10th of each month to:
Dr. Ratib Karam, ERDA
Neely Nuclear Research Center
900 Atlantic Drive
Atlanta, GA 30332-0405

University Georgia Institute of Technology PI Dr. Nolan E. Hertel
Project Title Consolidated Incineration Facility Health Risk Assessment

: WSRC Technical
Period of Performance: From_8/1/94 To 8/31/94 Representative___Don Burge

A. Project Accomplishments:
1. Convened Independent Review Panel on 8/8/94 to review:

a. Changes in Inorganic Emissions Estimates
b. Organic Emissions Estimates
c. Drafts of CAP-88 Total Dose Report and Compactor/Incinerator Comparison Report

2. Incorporated Panel’s comments and sent revised drafts of the Inorganic Emissions, Organic Emissions
and Comparison Report to WSRC. The Comparison Report was substantially rewritten to make it more
readable for members of the general public.

B. Milestones achieved (Based on those identified in the Task Order):

C. Problems Encountered:

Substantial effort devoted to the Comparison report set back the implementation and testing of the CRRIS
code package.
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Georgia Institute of Technology
Atlanta, Georgia 30332-0405
USA

404-894-3717

- October 14, 1994

Dr. Ratib Karam

ERDA

Neely Nuclear Research Center
900 Atlantic Drive

Atlanta, GA 30332-0425

Dear Dr. Karam:

Please find enclosed my Monthly Status Report for Task Order #94-041, "Consolidated Incinerat-
ion Facility Health Risk Assessment” for the month of September, 1994.

Sincerely,
L
{
Nolan E. Hertel
NEH/bc
Enclosures
cc: OCA Reports
J. Mulholland
P. Dawkins
D. Burge
File
Admunistration Otfice . Finance Oftice . Graduate Program . Undergraduate Office . Fax

104-894-3200 R0 {O4-804-3204 04-%04-3003 o0y o
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ERDA MONTHLY STATUS REPORT

Task Order® 94-041 Month/Year _September, 1994
Send Monthly Status Report by the 10th of each month to:
Dr. Ratib Karam, ERDA
Neely Nuclear Research Center
900 Atantic Drive
Atlanta, GA 30332-0405

University _Georgia Institute of Technology PI Dr. Nolan E. Hertel
Project Title Consolidated Incineration Facility Health Risk Assessment

WSRC Technical
Period of Performance: From_9/1/94 To 9/30/94 Representative__Don Burge

A. Project Accomplishments:

1. Additional revisions were made to the emissions estimates to differentiate between solid and liquid
incinerator feeds.

2. Revision 2 of Compaction Comparison Report (GT/ERDA-94041-001) was submitted.

B. Milestones achieved (Based on those identified in the Task Order):

C. Problems Encountered:
1. Uncovered hidden CRRIS code package problems - delayed implementation of code.

2. Received COMDEP, however, US EPA indicated that there was a major error in it. They are
transmitting the corrected version. As a result, COMDEP implementation has been delayed.
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MECHANICAL ENGINEERING

Georgia Institute of Technology
Atlanta, Georgia 30332-0405
USA

404-894-3717

April 10, 1995

Dr. Ratib Karam

ERDA

Neely Nuclear Research Center
900 Atlantic Drive

Atlanta, GA 30332-0425

Dear Dr. Karam:

Please find enclosed my Monthly Status Report for Task Order #94-041, "Consolidated Incinerat-
ion Facility Health Risk Assessment” for the month of October, 1994.

Sipcer y,

Al

/

;WY

r L .
Nolan E. Hertel

NEH/bc

Enclosures

cc: OCA Reports
J. Mulholland
P. Dawkins
D. Burge
File



ERDA MONTHLY STATUS REPORT

Task Order # 94-041 Month/Year _October, 1994

Send Monthly Status Report by the 10th of each month to:
Dr. Ratib Karam, ERDA
Neely Nuclear Research Center
900 Atlantic Drive
Atlanta, GA 30332-0405

University Georgia Institute of Technology PI Dr. Nolan E. Hertel

Project Title Consolidated Incineration Facility Health Risk Assessment

WSRC Technical
Period of Performance: From_10/1/94 To _10/31/94 Representative___Don Burge

A. Project Accomplishments:

B. Milestones achieved (Based on those identified in the Task Order):

C. Problems Encountered:
1. Two major revisions to the ANEMOS code were required.
2. One revision to the TERRA code.

3. A major revision to the ANDRO code.
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Georgia Institute of Technology
Atlanta. Georgia 30332-0403
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404-894-3717

December 15, 1994

Dr. Ratib Karam

ERDA

Neely Nuclear Research Center
900 Atantic Drive

Atlanta, GA 30332-0425

Dear Dr. Karam:

Please find enclosed my Monthly Status Report for Task Order #94-041, "Consolidated Incinerat-
ion Facility Health Risk Assessment” for the month of November, 1994.

Sincstfly, AM
/

Fu vy — Ty

Nolan E. Hertel

NEH/bc

Enclosures

cc: OCA Reports
J. Mulholland
P. Dawkins
D. Burge
File

\dninstration s . nanee L)n‘:u' . sodte Procrim . L ndergraduate Office R Fax
CUENY R 2 ST 0 Ny £ 14-804-3203 WhR04R3306



: ERDA MONTHLY STATUS REPORT
Task Order # 94-041 Month/Year _November, 1994

Send Monthly Status Report by the 10th of each month to:
Dr. Ratib Karam, ERDA
Neely Nuclear Research Center
900 Atlantic Drive
Atlanta, GA 30332-0405

University _Georgia Institute of Technology PI Dr. Nolan E. Hertel
Project Title Consolidated Incineration Facility Health Risk Assessment

WSRC Technical
Period of Performance: From_11/1/94 To 11/30/94 Representative___Don Burge

A. Project Accomplishments:

1. Data gathered for final runs on radionuclide risk assessments.

B. Milestones achieved (Based on those identified in the Task Order):

1. Testing of COMDERP with sample problem.

C. Problems Encountered:

1. Bugs in CRRIS code package fixed.
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Georgia Institute of Technology
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['SA

404-894-3717

January 10, 1995

Dr. Ratib Karam

ERDA

Neely Nuclear Research Center
900 Atlantic Drive

Atlanta, GA 30332-0425

Dear Dr. Karam:

Please find enclosed my Monthly Status Report for Task Order #94-041, "Consolidated Incinerat-
ion Facility Health Risk Assessment” for the month of December, 1994.

singgrety,
J

¥olad E. Hertel

NEH/bc

Enclosures

cc: OCA Reports
J. Mulholland
P. Dawkins
D. Burge
File

Ldmnstaton  rle . cance Ut . Cridie Program Cederomadiate Otfiee



. ERDA MONTHLY STATUS REPORT
Task Order # 94-041 Month/Year December, 1994

Send Monthly Status Report by the 10th of each month to:
Dr. Ratib Karam, ERDA
Neely Nuclear Research Center
900 Atlantic Drive
Atlanta, GA 30332-0405

University Georgia Institute of Technology PI Dr. Nolan E. Hertel

Project Title Consolidated Incineration Facility Health Risk Assessment

WSRC Technical
Period of Performance: From_12/1/94 To 12/31/94 Representative___Don Burge

A. Project Accomplishments:
1. Preliminary Results of Radiological Assessment reviewed.

2. Site data for Radiological Assessment finalized and reviewed by Dr. F. Ward Whicker for production
runs.

B. Milestones achieved (Based on those identified in the Task Order):

C. Problems Encountered:
1. Tritium Concentration computation in TERRA code discovered to be in error and fixed.
2. Miscoded Statements in the resuspension routine of TERRA discovered and recoded.

3. Delay in receipt of contract extension and additional funds has slowed the initiation of the uncertainty
analysis.
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Georgia Institute of Technology
Atlanta, Georgia 30332-0405
USA

404-894-3717

February 13, 1995

Dr. Ratib Karam

ERDA

Neely Nuclear Research Center
900 Atlantic Drive

Atlanta, GA 30332-0425

Dear Dr. Karam:

Please find enclosed my Monthly Status Report for Task Order #94-041, "Consolidated Incinerat-
ion Facility Health Risk Assessment” for the month of January, 1995.

Sinc}?ﬂy’/ WY/

/ Nolan E. Hertef

NEH/bc

Enclosures

cc: OCA Reports
J. Mulholland
P. Dawkins
D. Burge
File

Administration Office . Finance Office . Graduate Program . Undergraduate Office . Fax
404-894-3200 HH-894-7400 104-894-3 204 #04-894-3203 14-894-8330

U Tl Tiintine amd Panalcims me 43 m catiens Taelnalo o



ERDA MONTHLY STATUS REPORT
Task Order # 94-041 Month/Year January, 1995

Send Monthly Status Report by the 10th of each month to:
Dr. Ratib Karam, ERDA
Neely Nuclear Research Center
900 Atlantic Drive
Atlanta, GA 30332-0405

University Georgia Institute of Technology PI Dr, Nolan E, Hertel
Project Title Consolidated Incineration Facility Health Risk Assessment

WSRC Technical
Period of Performance: From_1/1/95 To 1/31/95 Representative___Don Burge

A. Project Accomplishments:

1. CRRIS codes being used are now all running correctly.

B. Milestones achieved (Based on those identified in the Task Order):

1. CRRIS runs performed. This in input into the draft radionuclide HRA report.

C. Problems Encountered:
1. Data Input to COMP DEP Requires Programs we need to get.

2. Problem with Input Routine to ANDROS code delayed final runs until the end of January.
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THE GEORGE W. WOODRUFF SCHOOL OF
MECHANICAL ENGINEERING

Georgia Institute of Technology
Atlanta, Georgia 30332-0405
USA

404-894-3717

April 10, 1995

Dr. Ratib Karam

ERDA

Neely Nuclear Research Center
900 Atlantic Drive

Atlanta, GA 30332-0425

Dear Dr. Karam:

Please find enclosed my Monthly Status Report for Task Order #94-041, "Consolidated Incinerat-
ion Facility Health Risk Assessment” for the month of March, 1995.

Sincerely,
A

vy v
ﬁ olan E. Hertel

NEH/bc

Enclosures

cc: OCA Reports
J. Mulholland
S. Pederson
P. Dawkins
D. Burge
File

Administration Office . Finance Office . Graduate Program . Undergraduate Office . Fax
404-894-3200 104-894-7400 404-R04-3204 i e 202




ERDA MONTHLY STATUS REPORT E

Task Order # 94-041 Month/Year March, 1995

Send Monthly Status Report by the 10th of each month to:
Dr. Ratib Karam, ERDA
Neely Nuclear Research Center
900 Atlantic Drive
Atlanta, GA 30332-0405

University Georgia Institute of Technology PI Dr. Nolan E. Hertel

Project Title Consolidated Incineration Facility Health Risk Assessment

WSRC Technical
Period of Performance: From_3/1/95 To 3/31/95 Representative___Don Burge

A. Project Accomplishments:
1. Chemical screen performed. Code written for chemical screen work.
2. Sensitivity studies are underway for radionuclides.

B. Milestones achieved (Based on those identified in the Task Order):
1. Screen of toxic chemicals transmitted to WSRC.

2. COMPDEP code now running and data available.

C. Problems Encountered:

1. Radionuclide Final Draft in revision.
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Georgia ech e/

Georgia Institute of Technology
Atlanta, Georgia 30332-0405
USA

404-894-3717

»

May 10, 1995

Dr. Ratib Karam

ERDA

Neely Nuclear Research Center
900 Atlantic Drive

Atlanta, GA 30332-0425

Dear Dr. Karam:

Please find enclosed my Monthly Status Report for Task Order #94-041, "Consolidated Incinerat-
ion Facility Health Risk Assessment” for the month of April, 1995.

Sincergly, /
) /

/v E

Nolan E. Hertel

NEH/bc

Enclosures

cc: OCA Reports
J. Mulholland
S. Pederson
P. Dawkins
D. Burge
File

Administration Office . Finance Office . Graduate Program Undergraduate Office Fax
404-894-3200 404-894-7400 04-894-3204 104-894-3203 $04-894-8336
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ERDA MONTHLY STATUS REPORT
Task Order # 94-041 Month/Year April, 1995

Send Monthly Status Report by the 10th of each month to:
Dr. Ratib Karam, ERDA
Neely Nuclear Research Center
900 Atlantic Drive
Atlanta, GA 30332-0405

University Georgia Institute of Technology PI Dr. Nolan E. Hertel

Project Title Consolidated Incineration Facility Health Risk Assessment

WSRC Technical
Period of Performance: From_4/1/95 To 4/30/95 Representative___Don Burge

A. Project Accomplishments:
1. Independent Review Panel Meeting 4/21/95 - Radionuclide Draft in good shape.

2. Sensitivity Runs underway.

B. Milestones achieved (Based on those identified in the Task Order):

C. Problems Encountered:

1. Chemical HRA needs inhalation pathway for all chemicals.
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r ERDA MONTHLY STATUS REPORT
Task Order # 94-041 Month/Year May, 1995

Send Monthly Status Report by the 10th of each month to:
Dr. Ratib Karam, ERDA
Neely Nuclear Research Center
900 Atlantic Drive
Atlanta, GA 30332-0405

University Georgia Institute of Technology PI Dr. Nolan E. Hertel
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ABSTRACT

Estimates of the radionuclide content of job control wastes for the
Savannah River Site were used to compute the solid low-level radioactive
waste feed for the Consolidated Incineration Facility. These feed rates were
used to project radionuclide emission rates for an incinerator and, alternatively,
for a compactor. Doses for the resulting compactor and incinerator emissions
were computed using CAP-88PC in order to compare the two approaches to
treating the job control wastes. The maximum effective dose equivalents on
the SRS boundary were estimated to be 7.6(10-4) and 1.4(10-5) mrem/y for the
incinerator and compactor, respectively. If a complete tritium release was
assumed for the compactor (the assumption for the incinerator), the

associated effective dose equivalent increased to 2 (10-4) mrem/y.
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COMPARISON OF THE MAXIMUM SRS SITE BOUNDARY
DOSE FOR INCINERATION AND COMPACTION OF
LOW-LEVEL RADIOACTIVE JOB CONTROL WASTES

1.0 INTRODUCTION

Incineration of hazardous, radioactive waste, and mixed wastes at the
Consolidated Incineration Facility (CIF) generated on the Savannah River Site
would significantly reduce the volumes and toxicities of such wastes. An
alternative to incineration of the solid low-level portion of the waste stream
would be compaction and burial of the waste at a low-level radioactive waste
disposal facility. The object of this study is to compare the radiological
consequences for treating the job control waste by incineration and by

compaction.

2.0 METHOD AND MODEL PARAMETERS

2.1 CAP-88PC Code

The CAP88-PC computer code[EPA92] was used to estimate the
effective dose equivalent (EDE) from the operation of an incinerator and a
compactor. The CAP88-PC code estimates doses due to airborne releases as a
result of plume immersion, inhalation, ingestion, and ground deposited
radioactivity. The code uses NRC Regulatory Guide 1.109 methodology to
compute ingestion doses from the terrestrial food chain pathways and
parameters. Atmospheric dispersion is based on a modified Gaussian plume

model.

2.2 Exposure Modeling
Doses were calculated for all default exposure scenarios in the CAP-

88PC code. The maximally exposed individual was assumed to be at a distance



of 11770 m from the CIF stack in the NNW wind sector.[HA94A] The
maximum EDE was calculated using a stack height of 150 ft for the
incinerator[DOES88] and a release height of 30 ft for the compactor, a
reasonable height for a two-story building.

The following site-specific data were used: an average annual
temperature of 18°C, an average annual precipitation rate of 122.4 cm/y, and
the site wind speed, stability class, and direction information obtained from
WSRC.[HA94A] The fractions of home produced vegetables, milk and meat
were 0.700, 0.399, and 0.442, respectively. The remainder of the food was
assumed to be grown in the assessment area and not imported. The default

agricultural data for South Carolina were used in the code runs.

2.3 Waste Feed Term

The solid low-level waste feed used to determine the radiological emission
source terms was the annual job control waste generation rate from the CIF
Environmental Assessment Report.[DOE92] In terms of volume, it is 560,000
ft3/y which represents a mass feed rate of 2,800,000 lbs/y.[DOE92, SRS93]
To estimate the feed rates of radionuclides in Ci/y, the maximum expected
radioisotope concentrations (uCi/lb) from the revised Table 16 of the
NESHAPS application were used.[DOE88, DOE89] The resulting radionuclide
feed rates are show in Table 1. In a recent re-evaluation of the CIF waste
feeds, the mass feed rate of job control wastes was forecast to be 1,125,000

1bs/y.[SRS93]

3.0 IMPACT OF INCINERATION
The CIF incinerator will have an Air Pollution Control System (APCS)
which incorporates a scrubber and a cyclone separator. In addition, the
emissions partitioned to the stack will encounter a HEPA filter bank. With the
exception of tritium, the radioisotopes which exit the APCS will be attached to
2



particles. Emission factors for heavy metals can range as high as 50%.[TR89]
Travis and Cook report that a mass enrichment occurs for metals, i.e. the
concentration of a trace metal (per mass basis) in the particulate emissions
from an incinerator is higher than the concentrations of that metal in the
waste feed. This enrichment occurs because metals are more likely to
condense on the surface of finer particles, and these smaller particles are not
as efficiently removed by the APCS.

The original NESHAPS application for the CIF[DOES89] assumed that
20% of the incinerator ash was carried over to the APCS as particulate.
Particulate removal efficiencies for the quench chamber and the scrubber were
estimated to be 55% and 85.5% using vendor information. So, the amount of
metal partitioned to stack emissions was [0.2(1-.55)(1-.855)] or 1.31(10-2).
This approach has the inherent assumption that metals are evenly distributed
in the ash regardless of particle size. The HEPA filter efficiency was assumed
to be 99.8% for conservatism in that analysis. The actual HEPA filter
efficiency of 99.97% for particles down to 0.3um is insured at SRS by pre-
installation testing. So, in the initial NESHAPS application, a
decontamination factor of approximately 38,000 was used for the non-tritium
radioactivity. This is equivalent to a total emission factor of 2.61(10-5).

In this work the particulate penetration factor for HEPA filters of 0.002
from the NESHAPS application was retained and is assumed to be
appropriate for both the incinerator and the compactor. In future work, the
project investigators intend to develop at least a crude particulate distribution
for use with particle-size dependent HEPA efficiencies. Turner and Cook
indicate that the average emission factors for metals at incinerators with
APCSs are in general about 3%.[TR89] This factor will be used in the current
study to determine the pre-HEPA filter emission rate. This leads to a total
emission factor of 6(10-°) for non-tritium radionuclides. All the tritium in the

3



feed is assumed to be released through the incinerator stack in this study. This
is conservative as it would be anticipated that some of it will partition to the
liquid phase and be removed in the APCS.

In Table 2, dose conversion factors, incinerator emission rates and
effective dose equivalents for the maximally exposed individual at the site
boundary are tabulated by radionuclide. The dose conversion factors from Ci
to mrem at the boundary are based on CAP-88PC code runs. Tritium ingestion
and inhalation have been retained as separate quantities since the model is
known to be overly conservative for tritium.[HA94b] However, no
adjustments to the computed tritium doses have been made. The total EDE is
approximately 0.76 urem/y; approximately 21%, 62%, and 14% of the EDE are
due to H-3, other p/y-emitters categorized as Sr-90 and a-emitters classified
as Pu-238, respectively. If the EDE were to be based on the revised forecasts
of the job control wastes, it would be reduced to roughly 0.31 urem/y. Neither
of these two dose rates are of concern and are dwarfed in comparison to the
maximum offsite dose of 0.46 mrem/y from existing operations in 1988,

[DOE92] which itself is trivial compared to background.

4.0 IMPACT OF COMPACTION

In order to determine an emissions factor for compaction, a review of
several possible values are presented. A typical compactor has a closed air
system that directs airborne emissions to a HEPA filter bank prior to release.
In the Safety Evaluation Report for a Babcock and Wilcox facility (a 1500-ton
force hydraulic press), a release fraction of 0.01% of the Ci content of each
waste container was assumed for non-tritium radionuclides, save for C-14 and
I-125.[NRC86a] A HEPA filter efficiency of 99.97% was used to determine
particulate penetration of the filter. All the H-3 and C-14 radioactivity present



was assumed to be released completely, a non-tritium emission factor of 3(10-
8). No justification given for the 0.01% release factor.

In a report on the Waste Experimental Reduction Facility (WERF) by
EG&G Idaho, Inc., a release fraction of 1% from the compactor was estimated
to be a conservative overestimate of the value.[EGG92] Since this facility has
two baghouse filters and a HEPA filter bank, particulate emissions
penetration factors of 0.1 for each baghouse filter and 0.01 for the HEPA filter
bank were used. These values were taken from Table 1 of Appendix D to
40CFR61 "Methods for Estimating Radionuclide Emissions.” It is not clear
that the effect of two baghouses in series are multiplicative as assumed. The
resulting total emission factor was then 10-6.

A further analysis of the WERF data indicates that during operation of
the sizing and compaction facility from 1984-1991, waste containing a total of
27.1 Ci was received and processed. During this time period, the release from
the facility was typically on the order of several uCi/y. Assuming that 5 uCify is
a good estimate of the yearly release from the compactor facility during that
period, a total emission factor of [7(5uCi)/27.1Ci] or 1.3(10-6) is obtained. It is
reasonable to assume that the previously mentioned factor of 10-6 was tailored
based on such an assumption. It should be noted that the sizing operation
processed 1.39 Ci of the 27.1 Ci feed.

In an attempt to further determine a reasonable total emission factor for
a compactor, an alternative approach was investigated.! In NUREG/CR-4370,
accidents involving the dropping or spilling of radioactive waste containers
employ a release fraction of 0.1% of the radioactive contents.[NRC86b] This
release fraction is the respirable release fraction assumed appropriate for an

accident of moderate severity in Department of Transportation requirements for

1Additional reports from two sources have been requested and are still outstanding.
5



containers performance for the transport of radioactive materials.[FR83] If a
HEPA filter efficiency of 99.8% is applied with this release fraction, a total
emission factor of 2(10-6) is obtained. The SRS HEPA filter efficiency has been
chosen as a more realistic assessment of filter performance than the EPA value
of 0.01.

It appears that a total emissions factor on the order of 10-6 is appropriate
for compactors. To that end, an emissions factor of 1.3(10-6) was used in the
present work for non-tritium radionuclide releases. The resulting emission rates
and EDEs for a compactor facility processing the SRS job control waste stream
are reported in Table 3. The dose conversion factors were based on the CAP-
88PC runs for the compactor as described in Section 2. Again the EDE values
for tritium ingestion and inhalation were broken out. Two EDE values of tritium
exposure are reported for ingestion and inhalation. The second value in each
case assumes a complete release of tritium from the waste during compaction.
This seemed an unlikely occurrence, so another tritium release term was also
used in the assessment. In this case an emission fraction of 6.5(10-4) or [1.3(10
6)/0.002] was used for tritium release. The latter approach implies that H-3 is
constituted as particulate matter in the wastes but takes no credit for the
HEPA filter.

For full release of tritium, the maximum exposed individual at the site
boundary receives an EDE of approximately 0.2 urem/y, 93% resulting from
tritium exposure. If the revised feed forecast for job control waste generation
was used, this value reduces to about 0.08 prem/y. When the smaller tritium
release value was used, the EDE was approximately 1.4(10-2) urem/y with 77%
of the dose due to B/y emitters represented as Sr-90 and 19% due to a-emitters
classified as Pu-238. These EDEs are quite low and constitute no health risks.

Using the revised forecast results in a value of about 6(10-3) prem/y



5.0 COMPARISON AND SUMMARY

For the assumption of partial tritium release from the compactor, the
incinerator exposure for the maximally exposed individual on the site boundary is
approximately 55 times greater than for the compactor. If a total tritium
content release is postulated from the compactor, the incinerator related
exposure is now only about four times greater. For both compactor and
incinerator scenarios, P/y emitters represented as Sr-90 and o-emitters
classified as Pu-238 are major contributors to the exposure. When a full tritium
release is assumed, tritium is also a major contributor to the exposure in both
scenarios. None of the resulting EDEs are of significance with respect to health
risk.

An improved analysis of the CIF emissions source in terms of particle size
distribution could lead to a change in the penetration factor for the HEPA filter.
It is anticipated that the forthcoming report on the CIF emissions will provide at
least a crude distribution of particle sizes for the CIF. The effective use of such
a distribution requires data for HEPA filter efficiency as a function of particle
size. A review of such material is under way. It is unlikely that particle size
distribution information for a compactor will change the emission rates much

since the distribution is most likely that of atmospheric dust.
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Table 1. Job Control Waste Feed Rate Based on Estimates of the CIF Feed

Rates [DOE92] and of the Concentrations from the NESHAPS

Application.[DOE88]

Nuclide Con(c;(x;/iill;z;tlon (l‘éei;’i)
H-3 1.57E+01 4.40E+01
Sr-89 1.98E+00 5.54E+00
Sr-90 2.50E-01 7.00E-01
Y-90 2.50E-01 7.00E-01
Y-91 1.49E+00 4.17E+00
Zr-95 1.45E+00 4.06E+00
Nb-95 4.91E+00 1.37E+01
Ru-106 4.80E-01 1.34E+00
Rh-106 4.80E-01 1.34E+00
Cs-137 7.60E-01 2.13E+00
Ba-137m 7.60E-01 2.13E+00
Ce-144 6.50E-01 1.82E+00
Pr-144m 6.50E-01 1.82E+00
Pr-144 6.50E-01 1.82E+00
Co-60 4.40E-01 1.23E+00
Cr-51 4.95E+01 1.39E+02
Pm-147 2.98E+00 8.34E+00
B/y as Sr-90a 7.28E+01 2.04E+02
o as Pu-2382 4.40E-01 1.23E+00
o as Pu-2392 1.60E-03 4.48E-03

2Qther B/y-emitting radionuclides may be present in small or undetectable quantities and their
exposure effects are conservatively overestimated by treating them as Sr-90. [DOES89]

bAlpha emitters are classified as either Pu-238 or Pu-239 based on their radiation properties.
This is done since Pu-238 and Pu-239 were the principal SRP products and the major alpha-
emitting waste contaminants.[DOES9]



Table 2. Yearly Maximum Effective Dose Equivalent at the Site Boundary due
to the Incineration of the Job Control Wastes.

) Conversion Incinerator EDE
Nuclide Factor?2 EmissionsP
(mrem/Ci) (Cily) (mrem/y)
H-3 (Ingestion) 3.10E-06 4.40E+01 1.36E-04
H-3 (Inhalation) 5.60E-07 4.40E+01 2.46E-05
Sr-89 5.50E-04 3.33E-04 1.83E-07
Sr-90 3.83E-02 4.20E-05 1.61E-06
Y-90 3.92E-05 4.20E-05 1.65E-09
Y-91 7.10E-04 2.50E-04 1.78E-07
Zr-95 1.03E-02 2.44E-04 2.52E-06
Nb-95 1.30E-03 8.25E-04 1.07E-06
Ru-106 3.84E-03 8.06E-05 3.10E-07
Rh-106 3.03E-29 8.06E-05 2.44E-33
Cs-137 1.33E-02 1.28E-04 1.70E-06
Ba-137m 5.26E-02 1.28E-04 6.72E-06
Ce-144 3.04E-03 1.09E-04 3.32E-07
Pr-144m 2.96E-09 1.09E-04 3.24E-13
Pr-144 7.25E-08 1.09E-04 7.92E-12
Co-60 6.17E-02 7.39E-05 4.56E-06
Cr-51 2.20E-05 8.31E-03 1.83E-07
Pm-147 2.53E-04 5.01E-04 1.26E-07
By as Sr-90 3.89E-02 1.22E-02 4.75E-04
Pu-238 1.42E+00 7.39E-05 1.05E-04
Pu-239 1.60E+00 2.69E-07 4.30E-07
Total 7.61E-04

AConversion factors were computed with CAP-88PC for a stack height of 150 feet at a distance of

11700 meters from the stack in the NNW sector.

bAll the H-3 was assumed to be completely released. For the other nuclides an average metals
release fraction of 3% [TR89] and a HEPA filter efficiency of 99.8% [SRS88] were used.
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Table 3. Yearly Maximum Effective Dose Equivalent at the Site Boundary due
to the Compaction of the Job Control Wastes.

Conversion Compactor EDE
Nuclide Factor?d Releaseb
(mrem/Ci) (Cify) (mrem/y)
H-3 (Ingestion) 3.51E-06 2.85E-02¢ 9.99E-08
(1.54E-04)d
H-3 (Inhalation) 6.49E-07 2.85E-02¢ 1.85E-08
(2.85E-05)d
Sr-89 5.70E-04 7.18E-06 4.09E-09
Sr-90 3.97E-02 9.07E-07 3.60E-08
Y-90 4.60E-05 9.07E-07 4.17E-11
Y-91 7.62E-04 5.40E-06 4.11E-09
Zr-95 1.08E-02 5.26E-06 5.68E-08
Nb-95 1.34E-03 1.78E-05 2.39E-08
Ru-106 4.24E-03 1.74E-06 7.38E-09
Rh-106 4.15E-29 1.74E-06 7.23E-35
Cs-137 1.37E-02 2.76E-06 3.78E-08
Ba-137m 5.46E-02 2.76E-06 1.51E-07
Ce-144 3.36E-03 2.36E-06 7.93E-09
Pr-144m 3.65E-09 2.36E-06 8.59E-15
Pr-144 8.63E-08 2.36E-06 2.03E-13
Co-60 6.42E-02 1.60E-06 1.02E-07
Cr-51 2.30E-05 1.79E-04 4.13E-09
Pm-147 2.84E-04 1.08E-05 3.07E-09
B/y as Sr-90 4.01E-02 2.64E-04 1.06E-05
Pu-238 1.65E+00 1.60E-06 2.63E-06
Pu-239 1.85E+00 5.80E-09 1.07E-08
Total 1.38E-05
(Full H-3 Release) (1.96E-04)d

aConversion factors were computed with CAP-88PC for a release height of 30 feet at a distance of
11700 meters from the compactor in the NNW sector .

bA total release fraction (including HEPA filter) of 1.3E-06 was used for all the nuclides.
(EGG92].

CThere is assumed to be no removal of H-3 by the HEPA filter so a release fraction for H-3 of
(1.3E-06/0.002) was used.

dpor completeness, the number in parenthesis for H-3 is the EDE that resulted if a complete
release of H-3 were postulated.
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APPENDIX A

GENERAL DATA AND WEATHER
FROM CAP-88PC RUNS

A-1



Apr 15, 1994 11:54 am GENERAL

Page 1
VALUES FOR RADIONUCLIDE-DEPENDENT PARAMETERS
Dry
Particle Scavenging Deposition

Clearance Size Coefficient Velocity
Nuclide Class (microns) (per second) (m/s)
SR-89 D 1.0 1.22E-05 1.80E-03
SR-90 D 1.0 1.22E-05 1.80E-03
Y-90 Y 1.0 1.22E-05 1.80E-03
¥Y-91 Y 1.0 1.22E-05 1.80E-03
ZR-95 W 1.0 1.22E-05 1.80E-03
NB-95 Y 1.0 1.22E-05 1.80E-03
RU-106 Y 1.0 1.22E-05 1.80E-03
RH-106 Y 1.0 1.22E-05 1.80E-03
CS-137 D 1.0 1.22E-05 1.80E-03
BA-137M D 1.0 1.22E-05 1.80E-03
CE-144 Y 1.0 1.22E-05 1.80E-03
PR-144M Y 1.0 1.22E-05 1.80E-03
PR-144 Y 1.0 1.22E-05 1.80E-03
Co-60 Y 1.0 1.22E-05 1.80E-03
CR-51 Y 1.0 1.22E-05 1.80E-03
PM-147 Y 1.0 1.22E-05 1.80E-03
SR-90 D 1.0 1.22E-05 1.80E-03
PU-238 Y 1.0 1.22E-05 1.80E-03
PU-239 Y 1.0 1.22E-05 1.80E-03
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DECAY CONSTANT (PER DAY)

TRANSFER COEFFICIENT

Radio-

Nuclide active (1) Surface Water Milk (2) Meat (3)
SR-89 1.37E-02 5.48E-05 0.00E+00 1.50E-03 3.00E-04
SR-90 0.00E+00 5.48E-05 0.00E+00 1.50E-03 3.00E-04
¥-90 2.60E-01 5.48E-05 0.00E+00 2.00E-05 3.00E-04
Y-91 1.19E-02 5.48E-05 0.00E+00 2.00E-05 3.00E-04
ZR-95 1.08E-02 5.48E-05 0.00E+00 3.00E-05 5.50E-03
NB-95 1.98E-02 5.48E-05 0.00E+00 2.00E-02 2.50E-01
RU-106 0.00E+00 5.48E-05 0.00E+00 6.00E-07 2.00E-03
RH-106 2.00E+03 5.48E-05 0.00E+00 1.00E-02 2.00E-03
CS-137 0.00E+00 5.48E-05 0.00E+00 7.00E-03 2.00E-02
BA-137M 3.91E+02 5.48E-05 0.00E+00 3.50E-04 1.50E-04
CE-144 0.00E+00 5.48E-05 0.00E+00 2.00E-05 7 .50E-04
PR-144M 1.39E+02 5.48E-05 0.00E+00 2.00E-05 3.00E-04
PR-144 5.78E+01 5.48E-05 0.00E+00 2.00E-05 3.00E-04
CO-60 0.00E+00 5.48E-05 0.00E+00 2.00E-03 2.00E-02
CR-51 2.50E-02 5.48E-05 0.00E+00 1.50E-03 5.50E-03
PM-147 0.00E+00 5.48E-05 0.00E+00 2.00E-05 5.00E-03
SR-90 0.00E+00 5.48E-05 0.00E+00 1.50E-03 3.00E-04
PU-238 0.00E+00 5.48E-05 0.00E+00 1.00E-07 5.00E-07
PU-239 0.00E+00 5.48E-05 0.00E+00 1.00E-07 5.00E-07
FOOTNOTES: (1) Effective radioactive decay constant in plume;

set to zero if less than 1.0E-2

(2) Fraction of animal’s daily intake of nuclide
which appears in each L of milk (days/L)

(3) Fraction of animal’s daily intake of nuclide
which appears in each kg of meat (days/kg)

A-3



GENERAL

Apr 15, 1994 11:54 am
: Page 3

VALUES FOR RADIONUCLIDE~-DEPENDENT PARAMETERS

CONCENTRATION

UPTAKE FACTOR GI UPTAKE FRACTION

Nuclide Forage (1) Edible (2) Inhalation Ingestion
SR-89 2.50E+00 1.07E-01 3.00E-01 3.00E-01
SR-90 2.50E+00 1.07E-01 3.00E-01 3.00E-01
Y-90 1.50E-02 2.57E-03 1.00E-04 1.00E-04
Y-91 1.50E-02 2.57E-03 1.00E-04 1.00E-04
ZR-95 2.00E-03 2.14E-04 2.00E-03 2.00E-03
NB-95 2.00E-02 2.14E-03 1.00E-02 1.00E-02
RU-106 7.50E-02 8.56E-03 5.00E-02 5.00E-02
RH-106 1.50E-01 1.71E-02 5.00E-02 5.00E-02
CS-137 8.00E-02 1.28E-02 9.50E-01 9.50E-01
BA-137M 1.50E-01 6.42E-03 1.00E-01 1.00E-01
CE-144 1.00E-02 1.71E-03 3.00E-04 3.00E-04
PR-144M 1.00E-02 1.71E-03 3.00E-04 3.00E-04
PR-144 1.00E-02 1.71E-03 3.00E-04 3.00E-04
CO-60 2.00E-02 3.00E-03 5.00E-02 3.00E-01
CR-51 7.50E-03 1.93E-03 1.00E-01 1.00E-01
PM-147 1.00E-02 1.71E-03 3.00E-04 3.00E-04
SR-90 2.50E+00 1.07E-01 3.00E-01 3.00E-01
PU-238 4.50E-04 1.93E-05 1.00E-03 1.00E-03
PU-~-239 4.50E-04 1.93E-05 1.00E-04 1.00E-03

FOOTNOTES: (1) Concentration factor for uptake of nuclide from soil for
pasture and forage (in pCi/kg dry weight per pCi/kg dry soil)

(2) Concentration factor for uptake of nuclide from soil by edible
parts of crops (in pCi/kg wet weight per pCi/kg dry soil)
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DECAY CHAIN INGROWTH FACTORS

Nuclide Parent(s) Ingrowth Factor(s)

BA-137M CS-137 3.209E+06
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VALUES FOR RADIONUCLIDE-INDEPENDENT PARAMETERS

HUMAN INHALATION RATE

Cubic centimeters/hr 9.17E+05
SOIL PARAMETERS

Effective surface density (kg/sq m, dry weight)

(Assumes 15 cm plow layer) 2.15E+02

BUILDUP TIMES

For activity in soil (years) 1.00E+02

For radionuclides deposited on ground/water (days) 3.65E+04
DELAY TIMES

Ingestion of pasture grass by animals (hr) 0.00E+00

Ingestion of stored feed by animals (hr) 2.16E+03

Ingestion of leafy vegetables by man (hr) 3.36E+02

Ingestion of produce by man (hr) 3.36E+02

Transport time from animal feed-milk-man (day) 2.00E+00

Time from slaughter to consumption (day) 2.00E+01
WEATHERING

Removal rate constant for physical loss (per hr) 2.90E-03
CROP EXPOSURE DURATION

Pasture grass (hr) 7.20E+02

Crops/leafy vegetables (hr) 1.44E+03
AGRICULTURAL PRODUCTIVITY

Grass-cow-milk-man pathway (kg/sqg m) 2.80E-01

Produce/leafy veg for human consumption (kg/sq m) 7.16E-01
FALLOUT INTERCEPTION FRACTIONS

Vegetables 2.00E-01

Pasture 5.70E-01
GRAZING PARAMETERS

Fraction of year animals graze on pasture 4.00E-01

Fraction of daily feed that is pasture grass

when animal grazes on pasture 4.30E-01
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ANIMAIL, FEED CONSUMPTION FACTORS
Contaminated feed/forage (kg/day, dry weight) 1.56E+01
DAIRY PRODUCTIVITY
Milk production of cow (L/day) 1.10E+01
MEAT ANIMAL SLAUGHTER PARAMETERS
Muscle mass of animal at slaughter (kg) 2.00E+02
Fraction of herd slaughtered (per day) 3.81E-03
DECONTAMINATION
Fraction of radiocactivity retained after washing
for leafy vegetables and produce 5.00E-01
FRACTIONS GROWN IN GARDEN OF INTEREST
Produce ingested 1.00E+00
Leafy vegetables ingested 1.00E+00
INGESTION RATIOS:
IMMEDIATE SURROUNDING AREA/TOTAL WITHIN AREA
Vegetables 7.00E-01
Meat 4.42E-01
Milk 3.99E-01
MINIMUM INGESTION FRACTIONS FROM OUTSIDE AREA
(Minimum fractions of food types from outside
area listed below are actual fixed values.)
Vegetables 0.00E+00
Meat 0.00E+00
Milk 0.00E+00
HUMAN FOOD UTILIZATION FACTORS
Produce ingestion (kg/y) 1.76E+02
Milk ingestion (L/y) 1.12E+02
Meat ingestion (kg/y) 8.50E+01
Leafy vegetable ingestion (kg/y) 1.80E+01
SWIMMING PARAMETERS
Fraction of time spent swimming 0.00E+00
Dilution factor for water (cm) 1.00E+00

A-7
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FREQUENCIES OF STABILITY CLASSES (WIND TOWARDS)
Pasquill Stability Class

Dir A B C D E F G
N 0.1780 0.0685 0.1320 0.3910 0.2050 0.0230 0.0017
NNW 0.1880 0.0678 0.1240 0.2900 0.2860 0.0401 0.0035
NW 0.1990 0.0967 0.1370 0.2710 0.2600 0.0353 0.0013
WNW 0.1590 0.0842 0.1530 0.2640 0.2600 0.0770 0.0028
W 0.1630 0.1010 0.1690 0.2510 0.2280 0.0796 0.0081
WSW 0.1260 0.1010 0.2020 0.3380 0.1740 0.0530 0.0052
SW 0.1550 0.0957 0.2250 0.3280 0.1520 0.0405 0.0039
SSW 0.2620 0.1020 0.1610 0.2600 0.1640 0.0500 0.0017
S 0.2530 0.1260 0.1690 0.2190 0.1450 0.0482 0.0400
SSE 0.2240 0.0825 0.1440 0.2280 0.2490 0.0698 0.0032
SE 0.1740 0.0955 0.1690 0.2790 0.2310 0.0501 '0.0012
ESE 0.1540 0.1040 0.1850 0.3090 0.2080 0.0400 0.0003
E 0.1750 0.1260 0.2150 0.2180 0.1990 0.0622 0.0048
ENE 0.2400 0.1280 0.1720 0.2000 0.2100 0.0482 0.0008
NE 0.2320 0.1330 0.1950 0.2250 0.1890 0.0244 0.0009
NNE 0.1960 0.1020 0.1620 0.3250 0.1970 0.0169 0.0021
TOT 0.1847 0.1029 0.1755 0.2778 0.2086 0.0475 0.0039

ADDITIONAL WEATHER INFORMATION

Average Air Temperature:

Precipitation:
Lid Height:

Surface Roughness Length:

Height Of Wind Measurements:
Average Wind Speed:

Vertical Temperature
STABILITY E
STABILITY F
STABILITY G

0.0
0.1
0.1

18.0 degrees C

291.2 K
122.4 cn/y
1000 meters
0.010 meters
10.0 meters
4.100 m/s

Gradients:

73 k/m
09 k/m
46 kK/m
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ABSTRACT

The radiological impact of air emissions from the Consolidated Incineration
Facility (CIF) at the Savannah River Site have been investigated using the CAP-88
computer code. Doses were computed for the nearest onsite worker, not employed
at the CIF, and a maximally exposed individual on the nearest site boundary. Two
sets of waste feed rates were used in the computations, an older set used in the
original CIF NESHAPS application [DOE88, DOE89] and a recently updated set.
Each of the sets were used to obtain the total radionuclide emissions from CIF
under baseline, best, and worst case incinerator operating conditions. The
computed MEI doses for the baseline emissions estimates were 8.5(10™) and 7.1(10%)
mrem/y for the updated and revised feed rates, respectively, and for the onsite
worker were 1.1 (10°) and 9.3 (10°) mrem/y. These doses, as well as the higher
doses associated with the worst emission estimates indicate no radiological health

impact from the incinerator for either an MEI on the site boundary or an onsite

worker.
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DOSES FROM ESTIMATED AIR EMISSIONS FOR THE

SAVANNAH RIVER SITE CONSOLIDATED INCINERATION

1.0 INTRODUCTION

2.0

2.1

Incineration of hazardous, radioactive, and mixed wastes, generated on
the Savannah River Site at the Consolidated Incineration Facility (CIF) Would’
significantly reduce the volumes and toxicities of such wastes. The radiation
doses resulting from the incineration of radioactive waste, to an onsite worker
and a maximally exposed individual living on the site boundary are estimated
in this report. Two separate estimates of radionuclide feed rates to the CIF are
investigated. The first of these feed rates is the one used to estimate boundary
dose previously in the CIF Environmental Assessment [DOE92] and the
National Emission Standards for Hazardous Air Pollutants (NESHAPS) CIF
construction application. [DOE88] The second set of CIF feed rates considered
was taken from the CIF Mission Need and Design Capacity Revie-w Report.
[SRS93] It represents the latest estimates of the CIF feed stream. Only the
radiological impact of the incineration of these two feed streams are addressed
in this report.

METHOD AND MODEL PARAMETERS
CAP-88 Code Package
The VAX version of the CAP-88 computer code package' [EPA90] was

used to estimate the effective dose equivalent (EDE) from the incineration of

'Available as CCC-542B from the Radiation Shielding Information Center at Oak Ridge National
Laboratory. A recent review of the CAP-88 software package may be found in Ref. MO94.

1



2.2

two estimates of the CIF waste feed stream. The CAP-88 code models the
dispersion and transport of radionuclides through the terrestrial environment.
The AIRDOS2 code is used to compute atmospheric dispersion, radionuclide
concentrations in environmental media, and radionuclide intakes. The code
DARTAB2 uses the AIRDOS2 output to perform a dose computation based on
those radionuclide concentrations and intakes. The CAP-88 code package uses
NRC Regulatory Guide 1.109 methodology to compute ingestion doses from the
terrestrial food chain pathways and parameters. Atmospheric dispersion is
based on a modified Gaussian plume model.
Exposure Modeling

Effective dose equivalents were calculated with the CAP-88 code for two
different individuals: a maximally exposed individual (MEI) living on the site
boundary and the nearest on-site worker. The maximally exposed individual
was assumed to be a distance of 11770 m from the CIF stack in the NNW wind
sector. This boundary location, nearest the CIF, has historically yielded the
highest exposures when atmospheric modeling for CIF has been
undertaken.[HA94] All the CAP-88 exposure pathways were included in the
dose calculation for the MEI.

The onsite worker was assumed to be located 350 m north of the CIF
location. This is the nearest location to the CIF where non-CIF workers will be
present on a more or less continuous basis.[BU94] The ingestion pathway was

not included in the determination of the onsite worker dose. The worker dose



was calculated using the CAP-88 inhalation, air immersion, and ground
surface irradiation doses. The worker's inhalation rate was taken to be 1.02
(10 m3/y, an average of the male and female breathing rates for light
activity.[SH92] This is in contrast to the MEI inhalation rate of 8.04 (10%),
m3/y which incorporated an 8-hour resting period. The worker was assumed to
be at this location on site for 8 hours per day, 5 days per week for 50 weeks per
year. For computing doses due to the incinerator emissions, a stack height of
150 ft (45.7 m) and stack exit velocity of 15.8 m/s were used. [DOES88].

The following site-specific data were used for all dose computations:
average annual temperature of 18°C, average annual precipitation rate of 122
cm/y, and the 1987-1991 site wind speed, stability class, and direction
information obtained from WSRC.[HA94] In the modeling of ingestion doses,
the fractions of home produced vegetables, milk and meat were set to 0.700,
0.399, and 0.442. The remainder of the food was assumed to be imported from
outside the assessment area. A portion of a CAP-88 printout displaying other
modeling parameters is in Appendix A.

One of the more serious problems with the CAP-88 code is its inability to
model radioactive progeny ingrowth.[MO94] Since secular equilibrium is
assumed in the CIF feed terms [DOE88, DOES89], this deficiency in CAP-88
can be handled by setting the decay constants of the progeny to that of the
parent radionuclides. [MO94] So the decay constants of Y-90, Rh-106, Ba-

137m, and Pr-144/Pr-144m were set to those of Sr-90, Ru-106, Cs-137, and Ce-

144, respectively.
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Two CAP-88 runs (two receptor locations) were performed for 1 Cify
releases of each radionuclide present in the CIF feed streams. The resulting
set of doses for each nuclide are dose conversion factors which can be used to
convert from Ci/y emission rates to mrem/y doses. These dose conversion
factors are presented in Table 1. The ingestion portion of the MEI dose
conversion factors for tritium has been corrected for the SRS humidity.[HA94]
Waste Feed Term

Two CIF radionuclide feed rates were used in the dose assessment
presented in the report. The first feed rate was taken directly from Table 4-2
of the Environmental Assessment. [DOE92] These radionuclide feed rates
were determined by SRS personnel by multiplying the maximum annual mass
flow of the various CIF waste streams by the maximum expected radionuclide
concentrations. [DOE88, DOE89] This feed rate is tabulated in Table 2.
Hereafter it will be referred to as the old feed rate.

A new CIF radionuclide feed rate was generated from more recent
forecasts of the SRS annual waste generation rates. This feed rate, hereafter
referred to as the updated feed rate, was determined by multiplying the
revised waste generation rates [SRS93] by the same set of expected maximum
radionuclide concentrations.[DOE88, DOE89] This updated radionuclide feed
rate is also tabulated in Table 2.

As done in the NESHAPS application [DOE88, DOES&9], the treatment of

all alpha emitters as either Pu-238 or Pu-239 was retained in this work. This
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results in a conservative value for the doses due to alpha emitters. The
NESHAPS application’s approach also was retained to represent all

unspecified PB/y-emitting isotopes as Sr-90. This again results in conservative

dose conversion factor for unspecified p/y emitters.
INCINERATOR EMISSION SOURCE TERMS

The CIF incinerator will have an Air Pollution Control System (APCS)
which incorporates a scrubber and a cyclone separator. In addition, the
emissions partitioned to the stack will encounter a HEPA filter bank. With
the exception of tritium, the radioisotopes which exit the APCS will be
attached to particles. Emission factors for heavy metals can range as high as
50%.[TR89] Travis and Cook report that a mass enrichment occurs for metals
during the incineration of wastes, i.e. the concentration of a trace metal (per
mass basis) in the particulate emissions from an incinerator is higher than the
concentrations of that metal in the waste feed. This enrichment occurs
because metals are more likely to condense on the surface of finer particles,
and these smaller particles are not as efficiently removed by the APCS.

The original NESHAPS application for the CIF[DOE89] assumed that
20% of the incinerator ash was carried over to the APCS as particulate.
Particulate removal efficiencies for the quench chamber and the scrubber were
estimated to be 55% and 85.5% using vendor information. So the amount of
metal partitioned to stack emissions was [0.2(1-.55X1-.855)] or 1.31(10-2). This

approach has the inherent assumption that metals are evenly distributed in



the ash regardless of particle size. The HEPA filter efficiency was assumed to
be 99.8% for conservatism in that analysis. The actual HEPA filter efficiency
of 99.97% for particles down to 0.3um is insured at SRS by pre-installation
testing. So, in the initial NESHAPS application, a decontamination factor of
approximately 38,000 was used for the non-tritium radioactivity. This is
equivalent to a total emission factor of 2.61(10-5).

The radionuclide emissions for both the old and updated feed rates were
calculated using the emission factors of Mulholland et al.[MUL94] In that
work, emission factors for radionuclides were estimated for three release or
incinerator operating scenarios: a baseline estimate, a best case estimate, and
a worst case estimate. In those estimates, a nominal total fuel and waste
composition of 79% carbon (by mass), 9% hydrogen, 6% water, 1% chlorine,
and 5% inorganic matter (including metals and trace radionuclides). With the
exception of tritium, radionuclide species and phase equilibria are determined
at the temperatures characteristic of the combustion environment using the
NASA complex chemical equilibrium code CETS89. This detailed
thermodynamic analysis was coupled with global assumptions regarding
particle entrainment, particle inception, and particle growth to estimate the
partitioning of the radionuclides in the waste between kiln bottom ash,
supermicron flyash, and submicron aerosol particles entering the air pollution
control device system. For tritium, total emission fractions were assumed.

Particle collection efficiencies for both submicron and supermicron

particles, for three air pollution control devices, a spray quench vessel, a
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4.1

scrubber/cyclone/demistor system, and a high efficiency filtration system
(HEPA filters) were estimated from equipment design specifications by
Mulholland et al. Application of the particle collection efficiencies to estimated
particle sizes and composition distributions in the combustion gas exhaust
stream led to estimates of radionuclide releases as a fraction of the feed. The
set of incinerator conditions which were used to derive the three incinerator
emission estimates (baseline, best and worst case) are listed in Table 3. The
efficiencies used for the air pollution control devices are tabulated in Table 4.
The emission factors for the radionuclides in the job control waste stream are
shown in Table 5. For the nontritium components of the waste feed,
decontamination factors ranging from 4(103) to 6.7(106), 7.7(104) to 6.7(107),
and 2.6(102) to 2.5(103) for the baseline, best and worst case estimates are
obtained. The emission source terms computed by applying the emission
factors of Mulholland et al. both the old and updated CIF feed rates-of Table 2
are shown in Table 6.
RESULTS
Maximally Exposed Individual

The EDE’s computed for the MEI living on the SRS boundary are
presented in Table 7 for the 6 emissions estimates. The MEI doses are 8.5 (10°
Y, 2.0 (10*) and 1.2 (10®) mrem/y for the baseline, best, and worst case
estimates of incinerator emissions using the updated CIF feed rates.[SRS93]

Similarly they are 7.1 (10*), 1.7 (10°) and 8.5 (10”) if the old CIF feed rates are
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used.[DOE92] In any case, none of the doses would result in anything but a
negligible health effect to any person living on the site boundary.

The old feed rate MEI doses are 8.4, 8.5, and 7.1 times higher than those
obtained with the updated feed rate for the baseline, best and worst case
emission estimates, respectively. The principal dose-contributing
radionuclides are shown in Table 8 for the reported MEI doses. For the

baseline and worst case emissions estimates for both feed rates, the vast
majority of the dose is attributable to B/y emitters treated as Sr-90. This
indicates that the computed doses for these cases would be much lower if the
identify of these B/y emitting radionuclides were available since Sr-90 leads to
overly conservative dose estimate.
Onsite Worker

The onsite worker EDE’s calculated for the six CIF emissions estimates
are reported in Table 9. For the updated feed rates, they are 1.1 (10®), 6.4 (10°
Y and 1.9 (10*) mrem/y for the baseline, best, and worst case emission
estimates, respectively. Similarly they are 9.3 (10®), 5.5 (10°) and 1.2 (107)
mrem/y for the old feed rates. The old feed rate doses are 8.5, 8.6, and 6.3
times higher than the updated feed rate doses for the baseline, best, and worst
case emission estimates, respectively.

The principal radionuclides contributing to the onsite worker doses are

tabulated in Table 10 with their dose contributions in contrast to the MEI dose

analysis for the baseline and worst case emission estimates, f/y emitters



5.0

treated as Sr-90 are greatly diminished in their contribution to the total dose
while alpha emitters treated as Ru-238 and tritium play a much greater role.
This occurs since the Sr-90 ingestion pathway dose is about 25 times the Sr-90
dose due to *Sr inhalation and immersion dose, the only pathways for onsite
worker exposure. Again for any of the emissions estimates the worker dose is

inconsequential.

Summary

Three estimates of radionuclide air emissions from the CIF have been
evaluated with respect to an MEI on the SRS boundary and an onsite worker
for both the updated and old CIF radionuclide feed rates. The old and updated

feed rates led to onsite worker doses of 9.3 (10®) and 1.1 (10*) mrem/y and MEI

doses of 7.1 (10®) and 8.5 (10*) mrem/y, respectively, for the CIF baseline

emission estimates. The treatment of unidentified B/y emitters as Sr-90 leads
to a high degree of overconservatism in the MEI doses and to a lesser
overconservatism for the worker doses. The treatment of unspecified alpha
emitters as Pu-238 leads to a high degree of overconservatism in the worker
doses. For all six doses estimates, the doses are negligible with respect to

health risks for both the MEI and onsite worker.
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Table 1. Effective Dose Conversion Factors for Maximally Exposed Individual
Living on the Site Boundary (11770 m NNW of CIF) and for the Nearest
Worker Location (350 m N of CIF) as Determined with CAP-88.

EDE Con ion Factor ( Ci)
Nuclide MEI on Site Boundary"* Nearest Worker”
H-3 1.86E-06 6.03E-06
Sr-89 5.43E-04 3.11E-04
Sr-90 2.48E-02 1.06E-02
Y-90 8.10E-04 4 47E-04
Y-91 7.32E-04 2.38E-03
Zr-95 9.37E-04 7.19E-03
Nb-95 6.51E-04 4.00E-03
Ru-106 3.71E-03 2.27E-02
Rh-106 1.04E-03 3.67E-06
Cs-137 4.65E-03 1.47E-03
Ba-137m 8.52E-03 1.29E-05
Ce-144 2.96E-03 1.86E-02
Pr-144m 4.14E-05 1.38E-06
Pr-144 1.23E-04 3.86E-06 .
Co-60 5.50E-02 5.22E-01
Cr-51 2.11E-05 1.44E-04
Pm-147 2.27E-04 1.86E-03
B/yas Sr-90 2.48E-02 1.06E-02
Pu-238 1.51E+00 1.51E+01
Pu-239 1.64E+00 1.63E+01

a Includes all exposure pathways.

b Includes all exposure pathways except ingestion (inhalation,
immersion, and ground surface irradiation). The worker was
assumed to be exposed for 8 hours per day for 50 work-weeks.
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Table 2. Old and Updated CIF Radionuclide Feed Rates Based on Old Estimates of
the Mass Feed Rate [DOE92, SRS93], Updated Mass Feed Rates [SRS93]
and Maximum Expected Radionuclide Concentrations from the
NESHAPS Application.[DOE88, DOES89]

: 0Old Feed Updated Feed
Nuclide (Cily) (Cily)
H-3 1.2E+03 1.4E+02
Sr-89 2.1E+01 2.6E+00
Sr-90 2.7E+00 3.3E-01
Y-90 2.7E+00 3.3E-01
Y-91 1.6E+01 2.0E+00
Zr-95 1.7E+01 3.0E+00
Nb-95 5.4E+01 7.6E+00
Ru-106 6.2E+00 1.8E+00
Rh-106 6.2E+00 1.8E+00
Cs-137 8.4E+00 1.2E+00
Ba-137m 8.4E+00 1.2E+00
Ce-144 8.0E+00 1.9E+00
Pr-144m 8.0E+00 1.9E+00
Pr-144 8.0E+00 1.9E+00
Co-60 4 8E+00 5.8E-01
Cr-51 5.4E+02 6.5E+01
Pm-147 3.2E+01 3.9E+00
B/y as Sr-90a 7.9E+02 9.6E+01
o as Pu-238b 5.0E+00 9.0E-01
o as Pu-239b 1.8E-02 4.4E-03

aQther B/y-emitting radionuclides may be present in small or undetectable
quantities and their exposure effects are conservatively overestimated by
treating them as Sr-90. [DOE89]

bAlpha emitters are classified as either Pu-238 or Pu-239 based on their
radiation properties. This is done since Pu-238 and Pu-239 were the
principal SRP products and the major alpha-emitting waste
contaminants.[DOE89]
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Table 3. Incinerator Conditions Used by Mulholland et al. to Generate
Radionuclide Release Fractions. [MUL94]

Baseline

Estimate Best Case Worst Case
Solids Temperature 900 K 700 K 1100 K
Secondary Combustion 1950 K 1100 K 1500 K
Chamber Temperature
Kiln Solids Entrainment 0.1 0.01 0.25
Fraction
Fraction to Aerosol 0.5 0.25 0.75
Particles
Chloride Formation Yes No Yes
Metal-Ash/Metal Yes Yes No
Interactions

Table 4. Removal Fractions for Submicron and Supermicron Particles by the
Incinerator Air Pollution Control Devices. [MUL94]

Submicron Supermicron
Quench Vessel 0 0.5
Scrubber 0.5 0.99
HEPA Filters 0.99 0.9997

13



Table 5. Estimated Emission Fractions for CIF for the Three Emissions Estimates
Reported by Mulholland et al. [MUL94]

Nuclide Baseline Best Worst
(Ciout/Ciin) (Ciout/Ciin) (Ciout/Ciin)

H-3 0.9 7.50E-01 1.00E+00
Sr-89 2.50E-04 1.50E-08 3.80E-03
Sr-90 2.50E-04 1.50E-08 3.80E-03
Y-90 4.00E-07 1.60E-08 9.40E-04
Y-91 4.00E-07 1.60E-08 9.40E-04
Zr-95 1.50E-07 1.50E-08 1.00E-06
Nb-95 3.20E-07 1.50E-08 9.40E-04
Ru-106 4.00E-07 1.60E-08 9.40E-04
Rh-106 2.50E-04 1.30E-05 3.80E-03
Cs-137 2.50E-03 1.30E-03 3.80E-03
Ba-137m 1.50E-07 1.50E-08 9.60E-04
Ce-144 4.00E-07 1.60E-08 9.40E-04
Pr-144m 4.00E-07 1.60E-08 9.40E-04
Pr-144 4.00E-07 1.60E-08 9.40E-04
Co-60 2.50E-04 1.30E-05 3.80E-03
Cr-51 5.00E-05 9.50E-07 4.00E-04
Pm-147 4.00E-07 1.60E-08 9.40E-04
B/y as Sr-90 2.50E-04 1.50E-08 3.80E-03
Pu-238 4.00E-07 1.60E-08 9.40E-04
Pu-239 4.00E-07 1.60E-08 9.40E-04

14



Updated

Old

Table 6. Estimates of the CIF Emission Rates for the Old and Updated Feed Rates Based using the Three
Emission Fraction Estimates Reported by Mulholland et al. [MUL94]

Nuclide @ Baseline = Best

H-3
Sr-89
Sr-90
Y-90
Y-91
Zr-95
Nb-95
Ru-106
Rh-106
Cs-137
Ba-137m
Ce-144
Pr-144m
Pr-144
Co-60
Cr-51
Pm-147
Bryas Sr-90
Pu-238
Pu-239

(Cily)

1.3E+02
6.5E-04
8.2E-05
1.3E-07
7.8E-07
4 5E-07
2.4E-06
7.1E-07
4.5E-04
2.9E-03
1.8E-07
7.8E-07
7.8E-07
7.8E-07
1.5E-04
3.3E-03
1.5E-06
2.4E-02
3.6E-07
1.8E-09

(Cily)

1.1E+02
4.0E-08
5.1E-09
5.3E-09
3.2E-08
4.5E-08
1.1E-07
2.8E-08
2.2E-05
1.4E-03
1.7E-08
3.1E-08
3.1E-08
3.1E-08
7.3E-06
6.2E-05
6.4E-08
1.5E-06
1.5E-08
7.1E-11

Worst  Baseline = Best

(Cily)

1.4E+02
9.8E-03
1.2E-03
3.1E-04
1.8E-03
6.0E-06
7.1E-03
1.7E-03
6.7E-03
4.3E-03
1.1E-03
1.8E-03
1.8E-03
1.8E-03
2.2E-03
2.6E-02
3.7E-03
3.6E-01
8.4E-04
4.1E-06
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(Cily)

1.1E+03
5.3E-03
6.8E-04
1.1E-06
6.4E-06
2.6E-06
1.7E-05
2.5E-06
1.6E-03
2.1E-02
1.3E-06
3.2E-06
3.2E-06
3.2E-06
1.2E-03
2.7E-02
1.3E-05
2.0E-01
2.0E-06
7.2E-09

(Cily)

9.0E+02
3.2E-07
4.1E-08
4.3E-08
2.6E-07
2.6EK-07
8.1E-07
9.9E-08
8.1E-05
1.1E-02
1.3E-07
1.3E-07
1.3E-07
1.3E-07
6.2E-05
5.1E-04
5.1E-07
1.2E-05
8.0E-08
2.9E-10

Worst
(Cily)

1.2E+03
8.0E-02
1.0E-02
2.5E-03
1.5E-02
1.7E-05
5.1E-02
5.8E-03
2.4E-02
3.2E-02
8.1E-03
7.5E-03
7.5E-03
7.5E-03
1.8E-02
2.2E-01
3.0E-02
3.0E+00
4.7E-03
1.7E-05



Table 7. Effective Dose Equivalents (mrem per year) at the SRS Boundary (11770m NNW of CIF) for
the Maximally Exposed Individual for the Three Release Estimates Applied to the Old and

Updated CIF Feed Rates.
Updated old
Nuclide Baseline Best Worst Baseline Best Worst
H-3 2.3E-04 2.0E-04 2.6E-04 2.0E-03 1.7E-03 2.2E-03
Sr-89 3.5E-07 2.2E-11 5.3E-06 2.9E-06 1.7E-10 4.3E-05
Sr-90 2.0E-06 1.3E-10 1.2E-03 1.7E-05 1.0E-09 2.5E-04
Y-90 1.1E-10 4.3E-12 2.5E-07 8.7E-10 3.5E-11 2.1E-06
Y-91 5.7E-10 2.3E-11 1.3E-06 4.7E-09 1.9E-10 1.1E-05
Zr-95 4.2E-10 4.2E-11 5.6E-09 2.4E-09 2.4E-10 1.6E-08
Nb-95 1.6E-09 7.2E-11 4.6E-06 1.1E-08 5.3E-10 3.3E-05
Ru-106 2.6E-09 1.0E-10 6.3E-06 9.2E-09 3.7E-10 2.2E-05
Rh-106 4.7E-07 2.3E-08 7.0E-06 1.6E-06 8.4E-08 2.5E-05
Cs-137 1.3E-05 6.5E-06 2.0E-05 9.8E-05 5.1E-05 1.5E-04
Ba-137m 1.5E-09 1.4E-10 9.4E-06 1.1E-08 1.1E-09 6.9E-05
Ce-144 2.3E-09 9.2E-11 5.3E-06 9.5E-09 3.8E-10 2.2E-05
Pr-144m 3.2E-11 1.3E-12 7.6E-08 1.3E-10 5.3E-12 3.1E-07
Pr-144 9.6E-11 3.8E-12 2.2E-07 3.9E-10 1.6E-11 9.2E-07
Co-60 8.3E-06 4.0E-07 1.2E-04 6.6E-05 3.4E-06 1.0E-03
Cr-51 7.0E-08 1.3E-09 5.5E-07 5.7E-07 1.1E-08 4.6E-06
Pm-147 3.4E-10 1.5E-11 8.4E-07 2.9E-09 1.2E-10 6.8E-06
Py as Sr-90 5.9E-04 3.7E-08 8.9E-03 4.9E-03 2.9E-07 7.4E-02
Pu-238 5.4E-07 2.3E-08 1.3E-03 3.0E-06 1.2E-07 7.1E-03
Pu-239 3.0E-09 1.2E-10 6.7E-06 1.2E-08 4.7E-10 2.8E-05
Total 8.5E-04 2.0E-04 1.2E-02 7.1E-03 1.7E-03 8.5E-02
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Table 8. Radionuclides Contributing More than 1.0% of the Total MEI Dose for at Least One CIF Emission
Estimate.

—— OldFeedRate ~ _  UpdatedFeedRate

Nuclides Baseline Best Worst Baseline Best Worst
H-3 28.4% 96.8% 2.6% 27.5% 96.5% 2.2%
Sr-90 0.2% - 0.3% 0.2% - 10.4%
Cs-137 1.4% 2.9% 0.2% 1.6% 3.2% 0.2%
Co-60 0.9% 0.2% 1.2% 1.0% 0.2% 1.0%
B/y as Sr-90 69.0% - 87.1% 69.5% - 75.1%
Pu-238 - - 8.3% 0.1% - 10.7%
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Nuclide

H-3
Sr-89
Sr-90
Y-90
Y-91
Zr-95
Nb-95
Ru-106
Rh-106
Cs-137
Ba-137m
Ce-144
Pr-144m
Pr-144
Co-60
Cr-51
Pm-147

Bry as Sr-90

Pu-238
Pu-239
Total

Table 9. Effective Dose Equivalents (mrem per year) for the Nearest On-site Worker Location (350 m N of
CIF) for the Three Release Estimates Applied to the Old and Updated CIF Feed Rates.

Updated 0ld
Baseline Best Worst Baseline Best Worst
7.6E-04 6.3E-04 8.4E-04 6.5E-03 5.4E-03 7.2E-03
2.0E-07 1.2E-11 3.1E-06 1.6E-06 9.8E-11 2.5E-05
8.7E-07 5.4E-11 1.3E-05 7.1E-06 4.3E-10 1.1E-04
5.8E-11 2.4E-12 1.4E-07 4 8E-10 1.9E-11 1.1E-06
1.9E-09 7.6E-11 4.3E-06 1.5E-08 6.1E-10 3.6E-05
3.2E-09 3.2E-10 4.3E-08 1.8E-08 1.8E-09 1.2E-07
9.6E-09 4 4E-10 2.8E-05 6.9E-08 3.2E-09  2.0E-04
1.6E-08 6.4E-10 3.9E-05 5.6E-08 2.3E-09 1.3E-04
1.7E-09 8.1E-11 2.5E-08 5.7E-09 3.0E-10 8.6E-08
4.3E-06 2.1E-06 6.3E-06 3.1E-05 1.6E-05 4.7E-05
2.3E-12 2.2E-13 1.4E-08 1.6E-11 1.6E-12 1.0E-07
1.5E-08 5.8E-10 3.4E-05 6.0E-08 2.4E-09 1.4E-04
1.1E-12 4 3E-14 2.5E-09 4.4E-12 1.8E-13 1.0E-08
3.0E-12 1.2E-13 6.9E-09 1.2E-11 49E-13 2.9E-08
7.8E-05 3.8E-06 1.1E-03 6.3E-04 3.3E-05 9.5E-03
4.8E-07 8.9E-09 3.7E-06 3.9E-06 7.4E-08 3.1E-05
2.8E-09 1.2E-10 6.9E-06 2.4E-08 9.5E-10 5.6E-05
2.56E-04 1.6E-08 3.8E-03 2.1E-03 1.3E-07 3.2E-02
5.4E-06 2.3E-07 1.3E-02 3.0E-05 1.2E-06 7.1E-02
2.9E-08 1.2E-09 6.7E-05 1.2E-07 4.7E-09 2.8E-04
1.1E-03 6.4E-04 1.9E-02 9.3E-03 6.5E-03 1.2E-01
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Table 10. Radionuclides Contributing More than 1.0% of the Total Onsite Worker Dose for at Least One CIF Emission

Estimate.
0Old Feed Rate Updated Feed Rate
Nuclides Baseline Best Worst Baseline Best Worst
H-3 70.0% 99.1% 6.0% 68.9% 99.0% 4.5%
Co-60 6.7% 0.6% 7.9% 7.1% 0.6% 6.1%
B/yas Sr-90 22.5% - 26.3% 22.9% - 20.3%
Pu-238 0.3% - 58.9% 0.5% - 67.9%
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APPENDIX A

GENERAL DATA AND WEATHER
FROM CAP-88PC RUNS



NOLAN E HERTEL
GA TECH

SYNOPSIS REPORT - CAP-88 (1.00)

ID Code: CIF_CIFUNW Date/Time: TUE 5 July, 1994 5:28:06 PM

Facility: SAVANNAH RIVER SITE
Address: ADDRESS

City: AIKEN

State: SC Zipcode:

Source Category: SRS/CIF FACILITIES Source Term: 1986

Comments :

SAVANNAH RIVER SITE, CIF, 11770 M NNW (NEAREST BOUNDARY)

INDIVIDUAL AT MAXIMUM RISK ASSESSEMENT
(RN-222 RISKS EXCLUDED)

Location to the individual: 11770 METERS NORTH NORTHWEST

GONADS BREAST R MAR LUNGS

THYROID ENDOST RMNDR
Organ dose

(mrem/yr) : 5.4E-01 1.2E-01 3.1E+00 9.4E+00 1.2E-01 3.6E+01 1.7E+00

ICRP Effective Dose Equivalent (mrem/yr): 3.25E+00
Lifetime Fatal Cancer Risk s 2.70B-05



1

Huclide Class Amad
H-3 > 0.00
SR-89 D 1.00
SR-90 D 1.00
Y-90 Y 1.00
Y-91 Y 1.00
ZR-~-95 W 1.00
NB-95 Y 1.00
RU-106 Y 1.00
RH-106 Y 1.00
CS-137 D 1.00
BA-137M D 1.00
CE-144 Y 1.00
FR-144M Y 1.00
FR-144 Y 1.00
CcOo-60 Y 1.00
CR-51 Y 1.00
PM-147 Y 1.00
PU-238 Y 1.00
PU-239 Y 1.00
Tewmperature:
Rainfall:

Mixing Height:

ID CODE: CIF_CIFNNW

SOURCE TERM (1986)

Stack #1
Ci/yr
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00

.00E+00
.00E+00
.00E+00
.00E+00
.00E+00
.00E+00
.00E+00
.00E+00
.00E+00
.00E+00
.00B+00
.00E+00
.00E+00
.00E+00
.00E+00
.00E+00
.00E+00
.00E+00
.00E+00

N T e S I S S O O e S S e e S

SITE INFORMATION

18 ¢
122 cm/yr
1000 meters

- -

DATE/TIME:TUE 5 July,

EMISSION INFORMATION

Stack Number: 1

Stack Height (meters) 45.72
Stack Diameter (meters): 0.00

Plume Rise

Momentum (m/sec) :1.58E+01

1994

5:28:06 PM

PAGE 2



FOOD SUPPLY FRACTIONS

Local Regional Imported
Vegetable: 0.700 0.000 0.300
Meat : 0.442 0.000 0.558
Milk: 0.399 0.000 0.601

FOOD ARRAYS WERE NOT GENERATED OR SUPPLIED FOR THIS RUN. DEFAULT VALUES USED.

DISTANCES USED FOR MAXIMUM INDIVIDUAL ASSESSMENT

11770

FILE DIRECTORY

TYVE 1IBM EQUIVALENT VMS FILE
JCL FILE ~z=> #.CAABB.CIF (CIFNNW) CIFNNW.PIN
ALLKAD FILE ===> #.#.DATA(ALLRADBS) CAPB8E:ALLRADSS . DAT
POP FILE ===> #.CAABS8.POPLIB(CIFNNW) CIFNNW. POP
WIND/STAR FI===> #.CAAB8.STARLIB(CIFNNW) CIFNNW.WND
PREDA FILE ===> #.#.LIB(PRDPOP) CAP88 : PRDPOP . DAT
RADRISK FlLE===> #.#.RADRISK( ) CAP88:RADRISK.BIN
DATE TUE 5 July, 1994 5:28;06 PM
MAIN OFTIONS:
CONCEN AND DOSEN OPTION(1)=0
CIRCULAR GRID OPTION(2)=1
CONCEN OPTIONS:
SECTOR-AVERAGED OPTION(3)=0
MOMENTUM-TYPE PLUME OPTION(4) =1
FIXED DEPOSITION VELOCITY OPTION(5) =0
PUNCH CONCEN OPTION(6)=19
POINT SOURCE OPTION(7)=0

NO PRINT CONCEN MAIN TABLE OPTION(8)=1
NO PRINT CONCEN CHI/Q TABLES OPTION(9)=1
0 DOSEN OPTIONS:

INDIVIDUAL ASSESSMENT LIPO=0
PRINT DOSEN TABLES NNTB= 1
NO PUNCH DOSES NRTB=0
DARTAB PILE ONLY NSTB=2
PRINT DOSE SUMMARY NTTBal
NO RN-222 WORKING LEVELS NUTB=0
READ ORGAN NAMES NVTBsl
BUILDUP TIME IN SOIL TSUBBs 30.00 YEARS

T=1.0957E+04 DAYS



DATE TUE 5 July,

GRID DATA

BOUNDS OF DIRECTION-INDICES
BOUNDS OF DISTANCE-INDICES

200
350
500
11770

DATE TUE S July,
NUMBER OF SOURCES
NUMBER OF NUCLIDES

HEIGHT
DIAMETEK

SOURCE #:

EXIT VELOCITY

HEAT RELEASE KATE
NUCLIDE RELEASE RATE, REL (CI/YR)

(=< S BN - W O~ VU N

L'+

10
11
12
13
14
15
16
17
18
19

H-3
SR-89
SR-90
Y-90
¥-91
2ZR-9%
NB-95
RU-106
RH-106
Cs-137
BA-137M
CE-144
PR-144M
PR-144
CO-60
CR-51
PM-147
PU-238
PU-239

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1994

1994

5:28:06 PM

NOL=
NRL= 4 NRU= 4
SQSD<1177.0 (M), COMPUTED FROM IDIST( 4)=11770 (M)

IDIST, THE ARRAY OF RADIAL DISTANCES (M)

2 NOU=

5:28:06 PM
NUMST=1
NNUCS=19

PH

3

DIA=
VEL=

QH

2

45.7
0.00
16.
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DATE TUE 5 July, 1994 5:28:06 PM

INDEX NAME ISOL LAMSUR UPTAKE AMAD
CLASS 1/D F1ING MICRONS
] H-3 * 5.48E-05 0.95 0.00
2 SRk-89 D 5.48E-05 0.30 1.00
3 SR-90 D 5.48E-05 0.30 1.00
4 ¥-90 Y 5.48E-05 0.00 1.00
5 Y-91 Y 5.48E-05 0.00 1.00
6 ZR-95 W 5.4B8E-05 0.00 1.00
7 NB-95 Y 5.48E-05 0.01 1.00
8 RU-106 Y 5.48E-05 0.05 1.00
9 RH-106 Y 5.48E-05 0.05 1.00
10 Cs-137 D 5.48E-05 0.95 1.00
11 BA-137M D 5.48E-05 0.10 1.00
12 CE-144 Y 5.48BE-05 0.00 1.00
13 PR-144M Y 5.48E-05 0.00 1.00
14 PR-144 Y 5.48E-05 0.00 1.00
15 CO-60 Y 5.48E-05 0.30 1.00
16 CR-51 Y 5.48E-05 0.10 1.00
17 PM-147 Y 5.48E-05 0.00 1.00
18 PU-238 Y 5.4BE-05 0.00 1.00
19 PU-239 Y 5.48E-05 0.00 1.00
INDEX HAME SC vD VG ANLAM
1/s8 M/s M/S 1/D
1 H-3 0.00E+00 0.00E+00 0.00E+00 1.55E-04
2 SR-89 1.22E-05 1.80E-03 3.55E-05 1.37E-02
3 SR-90 1.22g-05 1.80E-03 3.55E-05 6.64E-05
4 Y-90 1.22E-05 1.80E-03 3.55E-05 6.52E-05
5 Y-91 1.22E-05 1.80E-03 3.55E-05 1.19E-02
6 2R-95 1.22E-05 1.80E-03 3.55E-05 1.08E-02
7 NB-95 1.22B-05 1.80E-03 3.55E-05 1.98E-02
8 RU-106 1.22B-05 1.80E-03 3.55E-05 1.88E-03
9 RH-106 1.22E-05 1.80E-03 3.55E-05 1.88E-03
10 Cs-137 1.22E-05 1.80E-03 3.55E-05 6.29E-05
11 BA-137M 1.22E-05 1.80E-03 3.55E-05 6.33E-04
12 CE-144 1.22E-05 1.80E-03 3.55E-05 2.44E-03
13 PR-144M 1.22E-05 1.80E-03 3.55E-05 2.44E-03
14 PR-144 1.22e-05 1.80E-03 3.55E-05 2.44E-03
15 CO-60 1.22m-05 1.80B-03 3.55E-05 3.60E-04
16 CR-51 1.222-05 1.802-03 3.55E-05 2.50E-02
17 PM-147 1.228-05 1.80B-03 3.55E-05 7.24E-04
18 PU-238 1.22E-05 1.80B-03 3.55E-05 2.16E-05
19 PU-239 1.22E-05 1.80B-03 3.55E-05 7.86E-08
***NOTE: VG SET TO ZERO FOR AIRDOS UNLESS GREATER THAN 1.000E-02



***NOTE: ANLAM SET TO ZERO FOR AIRDOS UNLESS GREATER THAN 1.000E-02

FOR EACH STABILITY CLASS

A B Cc D E F G PERD
OUDCAT, HARMONIC AVERAGE WIND SPEEDS ( WIND TOWARDS

) WIND FREQ.
N 2.455 3.547 4.212 4.297 4.214 4.413 3.620 0.081
HiW  2.348 3.226 3.930 4.303 4.082 4.170 3.783 0.064
NW 2.188 2.969 3.503 3.806 3.960 4.066 4.440 0.051
WNW 2.335 3.169 3.502 3.713 3.976 4.385 4.595 0.047
W 2.473 3.189 3.579 3.589 4.251 4.622 5.110 0.053
WSW 2.558 3.266 3.707 3.664 4.188 4.619 4.080 0.076
SW 2.578 3.513 4.016 3.905 3.897 4.381 4.350 0.091
SSW 2.790 3.858 3.972 3.996 4.365 4.729 5.073 0.059
s 3.221 3.186 3.515% 3.837 3.643 3.696 4.147 0.032
SSE 2.755 3.169 3.436 3.118 3.459 3.698 3.660 0.031
SE 2.453 3.718 4.112 3.664 3.544 3.245 4.265 0.037
ESE 2.661 4.461 5.223 3.969 3.827 3.790 4.303 0.066
E 2.681 4.339 4.997 3.951 3.928 3.973 3.015 0.079
ENE 2.734 3.827 4.332 3.987 4.195 4.309 4.178 0.086
NE 2.576 3.819 4.360 4.018 4.183 4.232 3.221 0.079
IINE  2.527 3.630 4.289 4.098 4.125 4.349 3.203 0.069
:J, OULAV, AKRITHMETIC AVERAGE WIND SPEEDS { WIND TOWAKDS )
:J N 2.698 3.710 4.347 4.402 4.304 4.491 3.654
LW 2.585 3.412 4.081 4.411 4.166 4.243 3.810
NW 2.418 3.135 3.661 3.923 4.041 4.143 4.475
WNW 2.541 3.337 3.659 3.835 4.064 4.455 4.629
W 2.659 3.334 3.694 3.703 4.330 4.689 5.130
WsSW  2.742 3.404 3.831 3.mm 4.273 4.680 4.100
SW 2.765 3.637 4.122 3.998 4.007 4.462 4.358
SSW 2.988 3.982 4.091 4.107 4.457 4.796 5.101
S 3.402 3.324 3.610 3.922 3.755 3.750 4.157
SSE  2.952 3.317 3.558 3.248 3.563 3.768 3.693
SE 2.670 3.875 4.236 3.767 3.643 3.335 4.270
ESE 2.851 4.598 5.338 4.070 3.902 3.866 4.313
E 2.881 4.471 5.112 4.045 3.996 4.035 3.010
ENE 2.916 3.949 4.451 4.079 4.268 4.368 4.206
NE 2.796 3.945 4.479 4.104 4.263 4.318 3.261
NNE 2.743 3.783 4.420 4.201 4.199 4.426 3.286



FRAW,

N
HIW
NW
WHNW
W
WSW
SW
SSW
S
SSE
SE
LGE
E
EHE
HE
LNE
TOT

DATE TUE 5 July, 1994 5:28:06 PM
FOR EACH STABILITY CLASS
A (o D E F
FREQUENCIES OF STABILITY CLASSES ( WIND TOWARDS )
1.55E-01 7.93E-02 1.50E-01 3.30E-01 2.37E-01 4.38E-02
1.70E-01 5.67E-02 1.19E-01 3.32E-01 2.77E-01 4.16E-02
2.21E-01 7.38E-02 1.41E-01 2.88E-01 2.25E-01 4.41E-02
2.95E-01 1.09E-01 1.45E-01 2.09E-01 1.75E-01 5.90E-02
2.83E-01 1.23E-01 1.95E-01 1.91E-01 1.73E-01 3.28E-02
2.14E-01 1.37E-01 2.55E-01 2.03E-01 1.62E-01 2.84E-02
1.56E-01 1.18E-01 2,99E-01 2.31E-01 1.59E-01 3.59E-02
2.45E-01 1.63E-01 2.16E-01 1.67E-01 1.47E-01 5.74E-02
6.02E-01 1.54E-01 1.06E-01 8.05E-02 4.53E-02 1.01E-02
4.21E-01 1.23E-01 1.39E-01 1.29E-01 1.48E-01 3.79E-02
2.87E-01 1.34E-01 1.84E-01 2.23E-01 1.48E-01 2.29E-02
2.47E-01 1.63E-01 2.49E-01 1.97E-01 1.27E-01 1.41E-02
2.61E-01 1.71E-01 2.34E-01 1.99E-01 1.19E-01 1.33E-02
2.2BE-01 1.55E-01 2.15E-01 1.99E-01 1.61E-01 3.86E-02
2.14E-01 1.14E-01 1.85E-01 2.39E-01 1.