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1.0

INTRODUCTION

This Annual Radiological Effluent Release Report, for Fort Calhoun
Station Unit No. 1, is submitted as required by Technical
Specification 5.9.4.a for the period January 1, 2008 through
December 31, 2008.

1.1

Executive Summary

vThe Radioactive Effluent Monitoring program for the year
2008 was conducted as described in the foliowing report.

Major efforts were made to maintain the release of
radioactive effluents to the environment as low as

reasonably achievable.

The total gaseous activity rel_easéd for 2008 was 3.78 curies.
This was an increase from the 2007 activity of 2.81 curies,
due to the 2008 refueling outage and limited gas decay tank
space.

Dose contributions from gaseous effluents at the

“unrestricted area boundary were 1.98-03 mRad maximum

gamma air dose and 1.48E-03 mRad maximum beta air
dose. This was an increase from the 2007 activity of 1.83E-
03 mRad and 1.24E-03 mRad, respectively.

Total activity (excluding tritium, dissolved gases, and alpha)
released in 2008 in liquid effluents was 1.10E-02 curies.
This was an increase from the 2007 activity of 5.35E-03
curies due to the 2008 refueling outage.

The total tritium activity released in 2008 in liquid effluents
was 176.5 curies. This was an increase from the 2007
activity of 164.7 curies due to the 2008 refueling outage.

The calculated whole body dose due to liquid effluents at
the site discharge from all sources in 2008 was

2.39E-02 mRem. This was an increase from the 2007 dose
of 1.68E-02 mRem. The increase is attributed to the 2008
refueling outage.



The calculated critical organ dose due to liquid effluents at
the site discharge from all sources in 2008 was

3.50E-02 mRem. This was an increase from the 2007 dose
of 2.01E-02 mRem. The increase is attributed to the 2008

~ refueling outage.

The Fort Calhoun Station meteorological system achieved a
cumulative availability rate of 94.68% for the joint frequency
parameters required by Regulatory Guide 1.23 of wind
speed, wind direction, and delta temperature.

There were no abnormal releases during 2008.

During 2008 there was one change to the Offsite Dose
Calculations Manual (ODCM) and no changes to the
Process Control Program (PCP).

For 2008, the total volume of buried solid radwaste was
70.12 cubic meters. This was a decrease from the
142.09 cubic meters of solid waste buried in 2007 due to
reduced waste shipments during 2008.

The total buried activity for 2008 was 39.79 curies, 39.2
curies came from spent resin. This was an increase from the
2007 value of 12.94 curies due to hlgher curie loading of
stored spent resin.

Overall, the radioactive effluent monitoring program was
conducted in a manner to ensure the activity released and
associated dose to the public were maintained as low as
reasonably achievable.

2.0 SUPPLEMENTAL INFORMATION

2.1

Regulatory Limits

The ODCM Radiological Effluent Control Specifications
applicable to the release of radioactive material in liquid and
gaseous effluents are described in the following sections.

2.1.1 Fission and Activation Gases (Noble Gases)

The release rate of radioactive material in airborne
effluents shall be controlled such that the
instantaneous concentrations of radionuclides do not
exceed the values specified in 10 CFR 20 for airborne
effluents at the unrestricted area boundary. To

-2
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support plant operations, Supervisor - System
Chemistry may increase this limit up to the limits
specified in Technical Specification 5.16.1.g.

Technical Specification 5.16.1.g establishes the
administrative control limit on the concentration resulting
from radioactive material, other than noble gases,
released in gaseous effluents to unrestricted areas
conforming to ten times 10 CFR 20.1001-20.2401,
Appendix B, Table 2, Column 1. For noble gases, the
concentration shall be limited to five times 10 CFR
20.1001-20.2401, Appendix B, Table 2, Column 1.

The air dose due to noble gases released in gaseous

21.2

effluents to areas at or beyond the unrestricted area
boundary shall be limited to the following:

a.  During any calendar quarter: Less than or equal to
5 mRad for gamma radiation and less than or
equal to 10 mRad for beta radiation, and

b. During any calendar year: Less than or equal to
10 mRad for gamma radiation and less than or
‘equal to 20 mRad for beta radiation.

Dose - Iodine-131. Fiadioactive Material in Particulate
Form with Half Lives Greater than 8 Days (Other than
Noble Gases) and Tritium




a. The dose to an mdwndual or dose commitment to
any organ of an individual in unrestricted areas
due to the release of I-131, radioactive material in
particulate form with half-lives greater than eight
days (other than noble gases), and tritium in
airborne effluents shall not exceed 7.5 millirem
from all exposure pathways during any calendar
quarter.

b. The dose to an individual or dose commitment to
any organ of an individual in unrestricted areas
due to the release of I-131, radioactive materials
in particulate form with half-lives greater than eight
days (other than noble gases), and tritium in

© airborne effluents shall not exceed 15 millirem
from all exposure pathways during any calendar
year. .

2.1.3 Liquid Effluents

-+ The release rate of radioactive material in liquid effluents
shall be controlled such that the instantaneous
concentrations for radionuclides, other than dissolved or
entrained noble gases, do not exceed the values
specified in 10 CFR 20 for liquid effluents at site

. discharge. To support plant operatlons the Supervisor -

System Chemistry may increase this limit up to the limit
specified in Technical Specifications 5.16.1.b.

Technical Specification 5.16.1.b establishes the ‘
administrative control limit on concentration of radioactive
material, other than dissolved or entrained noble gases,
released in liquid effluents to unrestricted areas
conforming to ten times 10 CFR 20.1001-20.2401,
Appendix B, Table 2, Column 2. For dissolved or
entrained noble gases, the concentration shall be Ilmnted
to 2.0E-04 pCl/mL total activity.

The dose or dose commitment to a MEMBER OF THE
PUBLIC from radioactive materials in liquid effluents
released to unrestricted areas shall be limited to:

a. During any calendar quarter: Less than or equal to.

1.5 mRem to the whole body and less than or
equal to 5 mRem to any organ, and

C.OQ.....OOOC.0'Q‘—.OOC..‘O.C.0.00‘00000-0000...



2.2

2.3.

214

b. During a,'ny calendar year: Less than or equal to 3
mRem to the whole body and less than or equal to
.10 mRem to any organ.

Total Dose-Uranium Fuel Cycle

The dose to any individual from uranium fuel cycle
sources shall be limited to < 25 mRem to the total body
or any organ (except the thyroid, which shall be limited to
< 75 mRem) during each calendar year.

Effluent Concentration Limits (ECL)

221

222

Liguid Effluents

The values specified in 10 CFR Part 20, Appendix B,
Column 2 are used as the ECL for liquid radioactive
effluents released to unrestricted areas. A value of
2.0E-04 pCi/mL is used as the ECL for dissolved and
entrained noble gases in liquid effluents.

Gaseous Effluents

The values specified in 10 CFR Part 20, Appendix B,
Column 1 are used as the ECL for gaseous radioactive
effluents released to unrestricted areas.

Measurements and Approximations of Total Radioactivity

Measurements of total radioactivity in liquid and gaseous
radioactive effluents were accomplished in accordance with the
sampling and analysis requirements of Tables 3.1 and 3.2 of
Part | of the ODCM.

2.3.1

Liquid Radioactive Effluents

Each batch was sampled and analyzed for gamma
emitting radionuclides using gamma spectroscopy, prior
to release. Composite samples were analyzed monthly
and quarterly for the Monitor and Hotel Waste Tanks.
Composite samples were analyzed monthly in the onsite
laboratory for tritium and gross alpha radioactivity, using

liquid scintillation and proportional counting techniques

respectively. Composite samples were analyzed

quarterly for Sr-89, Sr-90, and Fe-55 by a contract



2.3.2

laboratory (Teledyne Brown Engineering). A software
program was used to project the total body and critical
organ dose contribution at the unrestricted area
boundary for each release and the percent contribution
to the annual objective dose.

For continuous releases from the Steam Generator
blowdown, daily grab samples were obtained for weekly,
monthly and quarterly composites, in proportion to the
rate of blowdown. Samples were analyzed using gamma
spectroscopy techniques weekly. Composites were also
analyzed monthly in the onsite laboratory for tritium and
gross alpha radioactivity using liquid scintillation and
proportional counting techniques, respectively.
Composite samples were analyzed quarterly for Sr-89,
Sr-90, and Fe-55 by a contract laboratory (Teledyne
Brown Engineering).

Gaseous Radloactlve Efﬂuents

Each gaseous batch release was sampled and analyzed
for radioactivity prior to release. For release of Waste
Gas Decay Tanks, noble gas grab samples were
analyzed for gamma emitting radionuclides using gamma
spectroscopy. For releases from the Containment
Building, samples were taken using charcoal and

" particulate filters, in addition to noble gas and Tritium

grab samples, and analyzed for gamma emitting
radionuclides prior to each release. The resuits of the
analysis and the total volume of effluent released were

- used to determine the total amount of radioactivity

released in the batch mode. A software program was
developed and installed that can project the total body
and critical organ dose contribution at the unrestricted

- area boundary for each release and the percent
contribution to the annual objective dose. This program .

also adds the projected dose to the current actual dose
totals in a temporary file, until it is updated with actual

_release data at the completion of a purge.

Continuous release effluent pathways were continuously
sampled using charcoal and particulate filters and
analyzed weekly for gamma emitting radionuclides using
gamma spectroscopy. Weekly particulate filters were
analyzed for gross alpha radioactivity in the onsite

laboratory using proportional counting techniques.

C.A.C..0‘0000000000....00.0QQ..O.O...0..0"00



24

2.5

26

Quarterly composites of particulate filters were analyzed
for Sr-89 and Sr-90 by an offsute Iaboratory (Teledyne
Brown Engineering).

Estimation of Total Percent Error

The estimated total percent error is calculated as follows:
Total Percent Error = (E12 + Ezz + E32 + .+ Enz)o'5

Where E, = percent error associated with each contributing
parameter.

Sample counting error is estimated by the Canberra Genie
System Software for samples analyzed by gamma
spectroscopy. This calculation can include the error associated
with peak area determination, gamma ray abundance, efficiency
and half-life. Systematic error is estimated for gaseous and
liquid effluent analyses and dilution and wastewater volume.

Batch Releases

A summary of mformatlon for liquid and gaseous batch releases
is included in Table H1.1.

Abnormal Releases

Abnormal Releases are defined as unplahned and unmonitored

releases of radioactive material from the site.

A summary of information for liquid and gaseous abnormal
releases is included in Table I11.2.



3.0

4.0

5.0

6.0

GASEOUS EFFLUENTS

The quantities of radioactive material released in gaseous effluents are
summarized in Tables lil.3, 1.4 and I11.5. All radioactive materials
released in gaseous form are considered to be ground level releases.

LIQUID EFFLUENTS

The quantities of radioactive material released in liquid effluents are
summarized in Tables Ii1.6, 111.7 and !l1.8.

SOLID WASTES ‘

~The quantmes of radioactive matenal released as solld effluents are
- summarized in Sectuon VL.

RELATED INFORMATION

6.1 Operability of Liquid and Gaseous Monitoring Instrumentation

~ During the reporting period the condenser off-gas radioactive
- effluent monitor, RM-057 was out of service for 56 continuous
days due to equipment operability concerns. 'Routine grab
sampling and analysis was performed during the time the
-monitor was out of service, with no indication of radioactivity
being released.
No other instruments used .to monitor radioactive effluent
releases failed to meet the reportable instrument operability
requirements listed in the ODCM during the reporting period.

6.2 Chanqes fo the Offsite Dose Calculation Manual (ODCM) 'or
Process Control Program (PCP)

During 2008, one change was made to the ODCM and no
changes made to the PCP. The following changes were made
to the ODCM:

o Revised Actions 1 and 5 of Table 2.2.1, to remove
allowance for sample analysis within 24 hours. A twenty
four hour time lapse for analysis will not meet the
required LLD as stated in Table 3.2.

¢ Updated Table 4.2 and Figure 1 to reflect the 2008
environmental land use survey results.



6.3

6.4

6.5

e Added a reference to the Annual Radiological
Environmental Operation Report in 4.2.1 Action b, to

ensure that changes to environmentai sample locations
are documented.

= Changed the wording in Step 4.2.2 A, to clarify when the
environmental land use survey results are to be included
in the Annual Radiological Environmental Operating
Report. -

e Corrected 10 CFR 20 reference in 6.2.1A

New Locations or Modifications for Dose Calculations or
Environmental Monitoring '

e Sample Station #28, Alvin Pechnik Farm was added for
vegetation sampling.

e Sample Station #29, Eliis Acreage was removed.

‘Noncompliance with Radiological Effluent Control Requirements

~ This section provides a list of any event that did not comply with
- the ‘applicable requirements of the Radiological Effluent

Controls given in the Offsite Dose Calculation Manual (ODCM).
Detailed documentation concerning the evaluations and
corrective actions is maintained onsite.

'6.4.1 - Abnormal Gaseous and Liquid Releases

No abnormal releases were made during the calendar
year of 2008. '

| 6.4.2 Failure to Meet Specified Sampling Requirements :

During 2008, there were no instances in which specified
sampling requirements were not met.

Modifications to Liquid and Gaseous Waste Treatment and
Ventilation Exhaust Svstems

'During the reporting period no design modifications were |
approved nor implemented involving major changes to the
Liquid and Gaseous Waste Treatment Systems.



6.6

6.7

Meteorological Monitoring Program

A summary of hourly meteorclogical da{a, collected during

2008, is retained onsite. This data is available for review by the -
Nuclear Regulatory Commission upon request. Joint Frequency .

tables are included in Section Vil, Attachment 2.

Real time hourly meteorological data is used to calculate the
annual air effluent dose to individuals. For quarterly estimates
during the year an annual average X/Q is used, which is an

average of the highest X/Q’s calculated for each of the previous .

two years.

Assessment of Doses

6.7.1 Doses Due to Liquid Effluents

Total body, skin, and organ dose for liquid releases were
calculated in mRem for all significant liquid pathways
using the annual configuration of the LADTAP i
program. The site discharge location was chosen to
present a most conservative estimate of dose for an
average adult, teenager, child and infant. A conservative
approach is also presented by the assumption that
Omaha and Council Bluffs receive all drinking water from
the Missouri River.

The LADTAP |l program in its annual configuration was
also used to calculate the total body and organ doses for
the population of 853,274 within a 50-mile radius of the
plant (based on the 2000 census). The results of the
calculations are listed in Section V.

The doses due to liquid effluents for total body and
critical organ are also calculated quarterly using the

“methods in the ODCM. The results are listed in Section
I.

6.7-.2 Doses Due to Gaseous Effluents

Total body, skin and organ doses from ground releases
were calculated in mRem to an average adult, teenager,
child, and infant in each receptor using the annual
configuration of the GASPAR Il program. Also, the
doses to the same groups, in units of mRad due to

gamma and beta radiation carried by air, were computed
using GASPAR II

110



6.8

6.7.3

6.7.4

6.7.5

The GASPAR Il program in its annual configuration was’
also used to calculate the ALARA integrated population
dose summary for the total body, skin and organ doses
in person-rem for all individuals within a 50-mile radius.
The results of the calculations are shown in Section IV.

The doses due to gaseous effluents for total body
gamma and beta noble gas air dose are calculated
quarterly using the methods in the ODCM with an annual
average X/Q. The results are listed in Section Il

Doses Due to 1-131, Tritium and Particulates with Half
Lives Greater than 8 days.

The doses due to 1-131, Tritium and Particulates with half
lives greater than 8 days for total body and critical organ
dose are calculated quarterly using the highest of infant
or child dose factors and an annual average X/Q. The
results are listed in Section Il for inhalation, ground an
food. ‘

Direct Radiation Dose to Individuals and Populations

Direct radiation doses attributed to the gamma radiation
emitted from the containment structure were not
observed above local background at any TLD sample
locations for this annual period.

40 CFR 190 Dose Evaluation

- ODCM Radiological Effluent Controls require dose

evaluations to demonstrate compliance with 40 CFR Part
190 only if calculated yearly doses exceed two times the
annual design objectives for liquid and/or gaseous
effluents. At no time during 2008 were any of these
limits exceeded; therefore, no evaluations were required.

Groundwater Monitoring Program and Observations

OPPD conducted groundwater sampling from 15 wells and 2
surface water sites within the site property per NEI 07-07. One
well, MW-8, near a containment footing, had activity identified
from these analyses. Activity was consistent with historical

trends}." To date, no groundwater pathway is present.

1-11



SECTION Ii
QUARTERLY DOSES FROM EFFLUENTS

- Offsite Dose Calculation Manual

January 1, 2008 - December 31, 2008

H-1



Quarterly Dose. Calculation Results

January 1, 2008 through December 31, 2008

With the implementation of the Fort Calhoun Station Radiological Effluent
Technical Specifications (RETS) on October 1, 1985, radiation doses in

the unrestricted area from liquid and gaseous effluents must be calculated -

on a quarterly basis in accordance with the Offsite Dose Calculation
Manual (ODCM). These calculations are performed to ensure the annual
dose limits delineated in Appendix | of 10 CFR 50 and implemented by
RETS are not exceeded. If the results of the quarterly calculations
exceed fifty percent (50%) of the annual limits of Appendix |, actions are
taken to reduce effluents so that the resultant doses do not exceed the
annual limits during the remainder of the year and a special report is
submitted to the Nuclear Regulatory Commission. No special reports
were required for 2008 calculated doses. ‘

This section presents the results of the quarterly dose calculations

. performed during the period January 1, 2008 through December 31, 2008.

Details are shown as to the types, sources and resultant doses from the -
effluents, the annual !imits and a comparison to the annual limits.

I-2



FORT CALHOUN STATION
CHEMISTRY FORM

FC-421
- R6

QUARTERLY CUMULATIVE DOSE CONTRIBUTION FROM RADIOACTIVE EFFLUENTS
FORT CALHOUN FIRST QUARTER 2008 DOSE PROJECTIONS

I. Liquid Effluents:

Batch:
Continuous:

Percent of Quarterly Obj

ODCM. Annual Objective:

YTD Percent of Annual Obj:

Total Body
Dose (mrem

1.20E-02
0.00E+0O

1
1.50E+0G0

o\°

0.80
3.00E+00

0.40

o

Critical Organ
) - Dose (mrem)

1.31E-02
0.00E+00

1
5.00E+00

0.26

o\®

1.00E+01

0.13

o

II. Gaseous Effluents:

A. Noble Gas Air Dose:
ODCM Quarterly Objective:

ODCM Annual Objective:

with Half-lives > 8 Days:

Inhalation:
Ground and Food:

" Totals:

ODCM Quarterly Objective:

ODCM Annual Objective:

Percent of Quarterly Obj:

YTD Percent of Annual Obj:

Total Body Gamma Total Body Beta

Percent of Quarterly Obj:

Dose (mrad) - Dose (mrad)
"~ 9.68E-04 5.87E-04
5.00E+00 1.00E+01
0.02 % 0.01 %
1.00E+01 2.00E+01
0.01 % %

YTD Percent of Annual Obj:

B. I-131, H-3, and Particulates

Total Body

Dose (mrem

7.50E+00

o\®

0.02

1.50E+01

o\®

0.01

0.00

Critical Organ
) Dose (mrem)

7.50E+00

0.02

o\

1.50E+01

0.01 %

II-3
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FORT CALHOUN STATION
CHEMISTRY FORM

FC-421
R6

QUARTERLY CUMULATIVE DOSE CONTRIBUTION FROM RADIOACTIVE EFFLUENTS
FORT CALHOUN SECOND QUARTER 2008 DOSE PROJECTIONS

I. Liquid Effluents:

Total Body
Dose (mrem)

Batch: 4.90E-03
Continuous: 0.00E+00
Totals: 4.90E-03
ODCM Quarterly Objective: 1.50E+00
" Percent of Quarterly Obj: 0.33 %
ODCM Annual Objective: 3.00E+00
" YTD percent of Annual Obj: 0.52 %

6.77E-03
0.00E+00

6
5.00E+00

0.14 %
1.00E+01

0.20 %

Critical Organ
Dose (mrem)

II. Gaseous Effluents:

Total Body Gamma
Dose (mrad)

A. Noble Gas Air Dose: 5.66E-04
ODCM Quarterly Objective: 5.00E+00
" Percent of Quarterly Obj: 0.01 %
ODCM Annual Objective: 1.00E+01
" YTD Percent of Annual Obj:  0.02 %
B. I-131, H-3, and Particulates
with Half-lives > 8 Days: Total Body

Dose (mrem)

Inhalation: 3.56E-04
Ground and Food: 1.66E-03
Totals: 2.02E-03
ODCM Quarterly Objective: 7.50E+00
* Percent of Quarterly Obj: 0.03 3
ODCM Annual Objecpive: 1.50E+01
" YTD Percent of Annual Obj:  0.02 %

Dose

8.85E-04

1.00E+01

o\°

0.01

2.00E+01

o\®

0.01

.50E+00

0.18

o\°

1.50E+01

0.10

o\

Total Body Beta
Dose (mrad)

Critical Organ
(mrem)

Reviewed by: M\~
Q
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FORT CALHOUN STATION
CHEMISTRY FORM

FC-421
R6

QUARTERLY CUMULATIVE DOSE CONTRIBUTION FROM RADIOACTIVE EFFLUENTS
FORT CALHOUN THIRD QUARTER 2008 DOSE PROJECTIONS

I. Liquid Effluents:

Total Body Critical Organ
———————————————————————— Dose (mrem) Dose (mrem)

Batch: 2.31E-03 3.14E-03
Continuous: 0.00E+00 0.00E+00
Totals: 2.31E-03 3.14E-03
 ODCM Quarterly Objective: 1.50E+00 5.00E+00
" percent of Quarterly Obj: . 0.15 % 0.06 3
ODCM Annual Objective: 3.00E+00 1.00E+01
" YTD Percent of Annual Obj: 0.59 % 0.23 %

II. Gaseous Effluents:

Total Body Gamma Total Body Beta

————————————————————— Dose (mrad) Dose {(mrad)
A. Noble Gas Air Dose: . -___étiééiéi ________ Q—QQQZBQ—__-
ODCM Quarterly Objective: 5.00E+00 1.00E+01
" Percent of Quarterly Obj: 0.02 3 0.01 %
ODCM Annual Objective: 1.00E+01 2.00E+01
" YTD percent of Annual Obj:  0.02 % 0.01 3

B. I-131, H-3, and Particulates
. with Half-lives > 8 Days: Total Body Critical Organ
Dose (mrem) Dose (mrem)
Inhalation: 2.18E-04 2.18E-04
Ground and Food: 1.01E-03 1.01E-03
Totals: 1.23E-03 1.23E-03
ODCM Quarterly Objective: 7.50E+00 7.50E+00
" Percent of Quarterly Obj: 0.02 % 0.02 %
ODCM Annual Objective: 1.50E+01 1.50E+01
" YTD Percent of Annual Obj:  0.03 % 0.11 %

II-5
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FORT CALHOUN STATION
CHEMISTRY FORM

FC-421
R6

QUARTERLY CUMULATIVE DOSE CONTRIBUTION FROM RADIOACTIVE EFFLUENTS
FORT CALHOUN FOURTH QUARTER 2008 DOSE PROJECTIONS '

I. Liquid Effluents:

Batch:
Continuous:

- Percent of Quarterly Obj

ODCM Annual Objective:

YTD Percent of Annual Obj:

Total Body
Dose (mrem

2.63E-03
0.00E+00

1.50E+00

o

0.18
3.00E+00

0.67 %

Critical Organ
) Dose (mrem)

3.58E-03
0.00E+00

.00E+00

oP®

0.07

1.00E+01

0.27

oP

II. Gaseous Effluents:

A. Noble Gas Air Dose:

ODCM Quarterly Objective:

ODCM Annual Objective:

with Half-lives > 8 Days:

Inhalation:
Ground and Food:

Totals:

ODCM Quarterly Objective:

ODCM Annual Objective:

Percent of Quarterly Obj:

YTD Percent of Annual Obj:

Total Body Gamma  Total Body Beta

Dose (mrad

) Dose (mrad)

B. I-131, H-3, and Particulates

Percent of Quarterly Obj:

YTD Percent of Annual Obj:

8.91E-04
5.00E+00

0.02

.o\o

1.00E+01

o

0.03

Total Body
Dose (mrem

7.50E+00

o\°

0.02

1.50E+01

o\°

0.04

5.24E-04

1.00E+01

o\®

0.01

2.00E+01

Critical Organ
) Dose (mrem)

7.50E+00
0.02 %
1.50E+01

0.12 %
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SECTION Il
RADIOLOGICAL EFFLUENT RELEASES
Technical Specification (5.9.4.a)

Batch Liquid and Gas Release Summary

Abnormal Batch Liquid and Gaseous Release Summary
Gaseous Effluents - Summation of all Releases
Gaseous Effluent Releases - Batch Mode

Gaseous Effluent Releases - Continuous Mode

Liquid Effluents - Summation of all Releases

Liquid Effluent Releases - Batch Mode

Liquid Effluent Releases - Continuous Mode
Groundwater Tritium Results

January 1, 2008 - December 31, 2008
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TABLE III.1
BATCH LIQUID AND GASEOQOUS RELEASE SUMMARY

JANUARY THRQOUGH DECEMBER 2008

A. Liguid Releases All Sources ' 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter
1. Number of Batch Releases: ' 39 79 24 21
2. Total Time Period for Batch Releases (min): 4,237 26,157 2,688 2,373
3. Maximum Time Period for Batch Releases (min): 145 2,070 137 125
4. Average Time Period for Batch Releases (min): 109 331 112 113
5. Minimum Time Period for Batch Releases(min): .87 . 95 90 103
6. Average Dilution Stream Flow During Periods : , :

of Release into the Missouri River (mls/min): 1.037E+09 4.283E+08 1.022E+09 1.038E+09
B. Gaseous Releases All Sources lst Quarter 2nd Quarter 3rd Quarter 4th Quarter
1. Number of Batch Releases: 20 49 18 14
2. Total Time Period for Batch Releases(min): 101,530 91,259 102,110 ] 91,057
3. Maximum Time Period for Batch Releases (min): 7,953 8,935 8,070 8,965
4. Average Time Period for Batch Releases (min): 5,077 1,862 5,673 6,504
5. Minimum Time Period for Batch Releases (min): 120 34 342 545
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TABLE III.2
ABNORMAL BATCH LIQUID AND GASEOUS RELEASE SUMMARY

JANUARY THROUGH DECEMBER 2008

A. Ligquid Releases All Sources 1st Quarter 2nd Quarter 3rd Quarter - 4th Quarter
Number of Releases: ’ 0 0 0 0
- Total Activity Releases(Ci): : 0.00E+00 0.00E+00 0.00E+00 0.00E+00

B. Gaseous Releases All Sources

Number of Releases: 0 0 : 0 0

Total Activity Releases (Ci): : 0.00E+00 0.00E+00 ' 0.00E+00 0.00E+00
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B.

Fission & Activation Gases

Total Release (Ci):
BAvg. Release Rate
(uCi/sec):

for period
Total Error

Iodines

(%) :

Total Release (Ci):
Avg. Release Rate
(uCi/sec):

Total Error (%): 48.98

for period

Particulates

Total Release (Ci):
Avg. Release Rate
for period (uCi/sec):

Total Error

Gross Alpha
Total Error

(%) :

TABLE III.3
GASEOUS EFFLUENTS--SUMMATION OF ALL RELEASES

JANUARY THROUGH DECEMBER 2008

lst Quarter

. 2nd Quarter

3rd Quarter

4th Quarter

7.72E-01

9.93E-02

32.52

2.80E-06

3.60E-07

0.00E+00

0.00E+00

1.83E-06"%

(%): 20.62

1.64E+00

2.11E-01

3.95E-03

5.09E-04

0.00E+00C

. 0.00E+00

3.47E-06%

6.97E-01

8.86E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

3.18E-06%

6.75E-01

8.58E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.51E-06*

* Alpha activity attributed to naturally occuring short lived alpha emitters.

NOTE:

Tritium

Total Release (Ci):
Avg. Release Rate
(uCi/sec):

for period
Total Error

(%) :

7.71E-01

9.91E-02

25.08

1.07E+00

1.38E-01

6.63E-01

8.43E-02 -

6.30E-01

8.02E-02

Values reported as zero are determined to be below the Lower Limit of

Detection

(LLD) .
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TABLE III.4
GASEQUS EFFLUENTS--GROUND LEVEL RELEASES

JANUARY THROUGH DECEMBER 2008
Batch Mode
Nuclides (Ci) lst Quarter 2nd Quarter 3rd Quarter 4th Quarter
Fission & Activation Gases
AR-41 2.06E-01 6.66E-02 2.04E-01 1.90E-01
KR-85 3.36E-04 1.71E-03 5.40E-04 0.00E+00
KR-85M 0.00E+00 1.44E-04 0.00E+00 2.13E-04
XE-131M 4.98E-04 2.71E-03 0.00E+00 0.00E+00
XE~-133 5.49E-01 1.16E+00 4.78E-01 4.68E-01
XE~-133M 3.69E-03 7.36E-03 4.28E-04 1.33E-03
XE-135 1.34E-02 4.54E-02 1.39E—02 1.54E-02
Totals for Period: 7.72E-01 1.29E+00 6.97E-01 6.75E-01
Iodines
Totals for Period: 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Particulates
Totals for Period: 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Tritium and Gross Alpha
H-3 1.01E-01 4.18E-01 1.11E-01 1.02E-01
NOTE: Values reported as zero are determined to be below the Lower Limit of
Detection (LLD).
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TABLE III.5
GASEOUS EFFLUENTS--GROUND LEVEL RELEASES

JANUARY THROUGH DECEMBER 2008
Continuous Mode

Nuclides (Ci) . lst‘Quarter 2nd Quarter . 3rd Quarter 4th Quarter

Fission & Activation Gases

XE-133 0.00E+00 3.55E-01 0.00E+00 0.00E+00

Totals for Period: 0.00E+00 3.55E-01 0.00E+00 0.00E+0Q0

Iodines .
I-131 5.37E-07 1.77E-05 0.00E+00 0.00E+00
I-132 - 0.00E+00 3.94E-03 0.00E+00 0.00E+OO
I-133 2.26E-06 0.00E+00 0.00E+00 0.00E+00

Totals for Period: . 2.80E-06 ~3.95E-03 0.00E+00 0.00E+00

Particulates

Totals for Period: 4 0.00E+00 0.00E+00 - 0.00E+00 0.00E+00

Tritium and Gross Alpha

ALPHA 1.83E-06 3.47E-06 3.18E-06 1.51E-06

H-3 6.70E-01 6.56E~-01 5.52E-01 5.28E-01

NOTE: Values reported as zero are determined to be below the Lower Limit of
Detection, (LLD).
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NOTE:

Fission & Activiation Products

Total Release

(No Tritium, Gas, Alpha) (Ci):

Avg Diluted Concentration
(uCi/mL) :
10 CFR 20, App. B Limit
1.00E-06 wuCi/mL
Percent of Limit (%):
Total Error (%): 36.75

Tritium

Total Release (Ci):

Avg Diluted Concentration
(uCi/mL) :

10 CFR 20, App. B Limit
1.00E-03 uCi/mL

Percent of Limit (%):

Total Error (%): 25.08

Dissolved & Entrained Gases
Total Release (Ci):
Avg Diluted Concentration
{(uCi/mL) :
ODCM Limit
2.00E-04
Percent of Limit (%):
Total Error (%): 27.55

Gross Alpha Radiocactivity
Total Release (Ci):
Total Error (%): 25.08

Volume of Waste Released

Prior to Dilution (Liters):

volume of Dilution Water
This Perios {(Liters):

TABLE III.®6
LIQUID EFFLUENTS--SUMMATION OF ALL RELEASES

JANUARY THROUGH DECEMBER 2008

1st Quarter 2nd Quarter Quarter 4th Quarter
1.80E-03 .27E-03 .46E-04 3.60E-04
4.10E-10 .98E-09 .98E-10 1.46E-10
4.10E-02 .98E-01 .98E-02 1.46E-02
1.09E+402 .T4E+01 .95E+01 2.06E+01
2.49E-05 .57E-06. .08E-06 8.35E-06
2.49E+00 .57E-01 .08E-01 8.35E~01
4.12E-03 .08E-02 .81E-05 3.38E—O7‘
9.39E-10 .60E-09 . 57E-12 1.37E-13
4.69E-04 .30E-03 .28E-06 . 6.85E-08
0.00E+00 .26E-05 .68E-04 - 0.00E+00
8.06E+05 .95E+06 .B85E+05 4.36E+05
3.21E+11 .36E+11 .49E+11 3.19E+11

Values reported as zero are determined to be below the Lower Limit of Detection (LLD).
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LIQUID EFFLUENTS

TABLE III.7

JANUARY THROUGH DECEMBER 2008

Nuclides (Ci)
Fission & Activation Gases

BG-110M
CO~-57
CO-58
C0-60
CR-51
CS-134
CS-137
1-131
I-132
I-133
LA-140
MN-54
MO-99
NB-95
$B-124
$B-125
SB-126
SE-75
TC-99M
TE-12%
TE-132
ZR-95
Totals for Period:

Dissolved & Entrained Gases -

XE-133
XE-133M
XE-135

Totals for Period:

Tritium and Gross Alpha

ALPHA
H-3

Batch Mode

l1st Quarter 2nd Quarter 3rd Quarter 4th Quarter
1.57E-04 9.17E-04 1.04E-04 4.46E-05
0.00E+00 2.00E-06 0.00E+00 0.00E+00
4.81E-04 6.59E-04 5.07E-05 4.30E-05
2.47E-04 8.49E-04 4.60E-05 3.24E-05
4_91E-05 3.99E-05 0.00E+00 0.00E+00
7.92E-06 3.07E-05 9.05E-06 1.40E-05
1.58E-04 4.34E-04 1.19E-04 1.54E-04
4.24E-04 9.41E-04 6.23E-06 1.02E-05
0.00E+00 5.29E-05 0.00E+00 0.00E+00
1.92E-04 5.04E~05 0.00E+00 0.00E+00
6.87E-06 1.14E-06 0.00E+00 0.00E+00
2.78E~06 2.37E-05 1.20E-06 0.00E+00
8.23E-07 0.00E+00 0.00E+00 0.00E+00
1.42E~05 5.52E-06 2.36E-07 5.63E-07
0.00E+00 4.16E-04 1.60E-05 0.00E+00
5.28E-05 3.83E-03 1.93E-04 6.09E-05
0.00E+00 5.48E-06 0.00E+00 0.00E+00
0.00E+00 7.57E-06 0.00E+00 0.00E+00
8.23E-07 0.00E+00 0.00E+00 0.00E+00
1.69E-06 0.00E+00 0.00E+00 0.00E+00
0.00E+00 1.04E-05 0.00E+00 0.00E+00
3.34E-06 0.00E+00 0.00E+00 0.00E+00
1.80E-03 8.27E-03 5.46E-04 3.60E-04
4.02E-03 1.06E-02 1.81E-05 3.38E-07
3.79E-05 1.31E-04 0.00E+00 0.00E+00
5.77E-05 1.39E-04 0.00E+00 0.00E+00
4.12E-03 1.08E~02 1.81E-05 3.38E-07
0.00E+00 3.26E-05 1.68E-04 0.00E+00
1.09E+02 2.74E+01 1.95E+01 2

NOTE: Values reported as zero are determined to be below the Lower Limit of

Detection (LLD) values.
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ABLE III.8

LIQUID EFFLUENTS

JANUARY THROUGH DECEMBER 2008

Con

Nuclides (Ci) 1st Quart

tinuous Mode

er 2nd Quarter 3rd Quarter

4th Quarter

Fission & Activation Products

0.00E+00

Totals for Period: 0.00E+00 0.00E+00 0.00E+00
Dissolved & Entrained Gases
Totals for Period: 0.00E+00 0.00E+400 0.00E+00 0.00E+00
Tritium and Gross Alpha
ALPHA 0.00E+00 0.00E+00 0.00E+00 0.00E+00
H-3 0.00E+00 0.00E+00 0.00E+00 0.00E+00
NOTE: Values reported as zero are determined to be below the Lower Limit of

Detection (LLD).
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TABLE III.S
GROUNDWATER ANALYSIS RESULTS
) pCi/L
JANUARY THROUGH DECEMBER 2008

lst Quarter 2nd Quarter 3rd Quarter 4th Quarter

EAST LAGOON .

Tritium 0 0]

FE-55

NI-63

Sr-90

Total Gamma ' 0 0
MW-1A

Tritium 0 0 0 o]

FE-55 0 0 0 0

NI-63 0 0 0 0

Sr-90 0 0 0 0

Total Gamma 0 0 0 0
MW-1B

Tritium 0 0 0 0

FE-55 0 0 0 0

NI-63 0 0 0 0

Sr-90 0 0 0 0

Total Gamma 0 0 0 0
MW-2

Tritium 0 0 0 0

FE-55 o] 0 0 0

NI-63 0 0 0 0

Sr-90 0 0 0 0

Total Gamma 0 o] 0 0
MW-232

Tritium o] 0] o] 0

FE-55 0 0 0 0

NI-63 0 0 0 0

Sr-90 o] 0 0 0

Total Gamma 0 0 o] 0
MW-~2B

Tritium 0 0

FE-55 0 0

NI-63 o] 0

Sr-90 0 0

Total Gamma 0 0
MW-3

Tritium 0 0 0’ 0

FE-55 0 0 0 0

NI-63 0 0 0 0

Sr-90 0 0 0 0

Total Gamma 4} 0 0 0
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g

g

g

S

g

e

g

Tritium
FE-55

NI-63

Sr-90

Total Gamma

Tritium
FE-55

NI-63

Sr-90

Total Gamma

Tritium
FE-55

NI-63

Sr-90

Total Gamma

Tritium
FE~55

NI~63

Sr~90

Total Gamma

Tritium
FE-55

NI-63

Sr-90

Total Gamma

Tritium
FE-55

NI-63

Sr~90

Total Gamma

Tritium
FE-55

NI-63

5r-30

Total Gamma

TABLE III.S .
GROUNDWATER ANALYSIS RESULTS
pCi/L

JANUARY THROUGH DECEMBER 2008

1st Quarter

ol eNeNeNel OOOVOO [oNeNeNeNel OO OO0 OO0 QO [aNoNeNolo]

[eN=NeNoNe]

2nd Quarter

3rd Quarter

4th Quarter

[eNeNoNeNel [oN=NelNeNe] [=NwleNo Nl QOO OO [oNeNeNoNe) OO0 000

[N alNeNeNel
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Tritium
FE-55

NI-63

Sr-90

Total Gamma

Tritium
FE-55

NI-63

Sr-90

Total Gamma

WEST LAGOON
Tritium
FE-55
NI-63
Sr-90
Total Gamma

TABLE III.9

GROUNDWATER ANALYSIS RESULTS
pCi/L

JANUARY THROUGH DECEMBER 2008

1st Quarter

codoo

2nd Quarter

3rd Quarter

4th Quarter

[ NeoNeNeRal

COOO0OWw
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, SECTION IV
DOSE FROM GASEOUS EFFLUENTS

Technical Specification 5.9.4.a
GASPAR Il OUTPUT

January 1, 2008 - December 31,2008
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Radioactive Effluent Releases - First, Second, Third and Fourth Quarters 2008
GASEOUS EFFLUENTS

Radioactive gaseous releases for the reporting period totaled 3.78E+00 curies of inert
gas. The gross gaseous activity release rates were 9.93E-02 pCi/sec for the first

quarter, 2.11E-01 pCi/sec for the second quarter, 8.86E-02 pCi/sec for the third quarter,

and 8.58E-02 uCi/sec for the fourth quarter.

Radioactive halogens and particulates with half-lives greater that eight days released
during the reporting period totaled 3.95E-03 curies. The halogen activity release rates
were 3.60E-07 uCi/sec for the first quarter, 5.09E-04 uCi/sec for the second quarter,
0.00E+00 uCi/sec for the third quarter and 0.00E+00 pCi/sec for the fourth quarter.
There were no particulates with half-lives greater that eight days released during 2008.

Radioactive tritium released during the reporting period totaled 3.13 curies. Gross
alpha radioactivity released during the reporting period totaled 9.99E-06 curies.
Off-site vendor reanalysis of alpha samples indicated that the reported concentration
was attributed to short lived, naturally occurring alpha emitters. '
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POTENTIAL DOSES TO INDIVIDUALS AND POPULATIONS

A

Potential Annual Doses to Individuals frcrh Gaseous Releases -

Total body, skin, and organ doses from ground releases were calculated in
mRem to an average adult, teenager, child, and infant using the annuai
configuration of the GASPAR |l program. Results to each receptor are shown in

~ Tables IV-A-1 through IV-A-39. Also, the doses to the same groups,

Table IV-B-1, in units of mRad, due to gamma and beta radiation carried by air,
were computed using GASPAR Il. -In its annual configuration, GASPAR Il
assumes that all release rates are entered in curies per year (Cilyr).

‘The inputs to GASPAR Il for the annual period from January 1, 2008 through

December 31, 2008 were as follows:
(1) AII gaseous effluents

(2) Entrained gases (Ar-41, Xe-131M, Xe-133M, Xe-133, Xe-135M, Xe-135,
Kr-85M, Kr-87, and Kr-88) from liquid effluents.

(3)  Annual X/Q at the actual receptor locations, which are corrected for open

terrain and plume depletion, are calculated according to Regulatory
Guide 1.111. Also included are annual deposmon rates corrected for the
open terrain factor.

4) The production, intake and grazing fractions were as follows: 1.0 for leafy
vegetables grown in garden of interest, 0.76 for produce grown in garden
of interest, 0.5 for the pasture grazing season of the mllk animal, 1.0 for
pasture grazing season of the meat animal, and 8 g/m’ for the air water
(humidity) concentrations.

(5)  All dose factors, transport times from receptor to individual, and usage
factors are defined by Regulatory Guide 1.109 and NUREG-0172.

(6) Site specific information, within a five-mile radius of the plant, on types of
receptors located in each sector was used. That is, if a cow was not
present in a sector, then the milk pathway for that sector was not
considered. If it was present, then the actual sector distance was used.
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These inputs introduce a most conservative approach for the following reasons:

(1)  The cpen terrain and deposition corrections increase annual X/Q by a
factor ranging between 1.0 and 4.0

(2) The production, intake, and grazing fractions, as defined in the input
‘ ~ definition statement, represent the environment in an extremely
conservative manner.

Potential Semiannual Doses to Population from Gaseous Releases

The GASPAR Il program in its annual configuration was also used to calculate
the ALARA integrated population dose summary for the total body, skin, and
organ doses in man-rem for all individuals within a 50-mile radius. The
population-integrated dose is the summation of the dose received by all
individuals and has units of man-thyroid-rem when applied to the summation of
thyroid doses. The same inputs were used as in the individual case with the
addition of the following:

(1)  Atotal population of 853,274 (based on the 2000 census) was used to
define the sector segments within a 50-mile radius of the plant.

(2)  Production of milk, meat, and vegetation is based on 1973 annual data for

Nebraska as recommended by the Nuclear Regulatory Commission for
use in GASPARII.
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TABLE IV-A-1

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 1 RES '
AT 4.36 MILES N

ANNUAL BETA_AIR DOSE = 1.96E-05 MILLRADS
ANNUAL GAMMA AIR DOSE = 2.59E-05 MILLRADS

PATHWAY T .BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
--------- R i et A it e S e
PLUME 1.69E-05 1.69E-05 1.69E-05 1.69E-05 : 1.69E-05 1.69E-05 1.71E-05 3.03E-05
————————— R et e e B it e et S
GROUND 3.48E-08 3.48E-08 3.48E-08 3.48E-08 : 3.48E-08 3.48E-08 3.48E-08 4.10E-08
--------- e i e e e A e R
INHAL ;

ADULT 7.88E-06 7.87E-06 1.54E-08 7.90E-06 : 7.93E-06 9.92E-06 7.86E-06 7.86E-06
————————— R e e e et A S S
TEEN 7.95E-06 7.95E-06 2.12E-08 7.99E-06 : 8.02E-06 1.06E-05 7.93E-06 7.93E-06
--------- e e e e e et T B et e o
CHILD 7.03E-06 7.05E-06 2.83E-08 7.06E-06 : 7.09E-06 1.03E-05 7.01E-06 7.01E-06
————————— e i T e i e R Rl TP R
INFANT 4.05E-06 4.05E-06 2.26E-08 4.08E-06 : 4.08E-06 6.92E-06 4.03E-06 4.03E-06
--------- R e e e A B i T S et T S
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TABLE IV-A-2

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 2 RES '
AT 1.93 MILES NNE

ANNUAL BETA AIR_DOSE = 5.90E-05 MILLRADS

ANNUAL_GAMMA AIR_DOSE = 5.65E-05 MILLRADS

PATHWAY T.BODY GI-TRACT - BONE LIVER KIDNEY THYROID LUNG SKIN
————————— T e TR R e e R L Tt
PLUME 3.64E-05 3.64E-05 3.64E-05 3.64E-05 : 3.64E-05 3.64E-05 3.69E-05 7.00E-05
————————— e et e R Rt SR e e LR,
GROUND 8.83E-08 8.83E-08 8.83E-08 8.83E-08 : 8.83E-08 8 .83E-08 8.83E-08 1.04E-07
————————— e R T it St e e LR LR LR PR b
INHAL :

ADULT 3.01E-05 3.00E-05 3.75E-08 3.01E-05 : 3.02E-05 3.58E-05 3.00E-05 3.00E-05
————————— e R et e e e T R
TEEN 3.03E-05 3.03E-05 5.16E-08 3.04E-05 : 3.05E-05 3.77E-05 3.03E-05 3..03E-05
--------- e R e e R e LR TP
CHILD 2.68E-05 2.68E-05 6.89E-08 2.69E-05 : 2.69E-05 3.57E-05 2.68E-05 2.68E-05
--------- et et e D e e i
INFANT 1.54E-05 1.54E-05 5.50E-08 1.55E-05 : 1.55E-05 2.34E-05 1.54E-05 1.54E-05
————————— e e e e e L L LR e
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TABLE IV-A-3

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 3 RES '
AT 1.52 MILES NE

ANNUAL_BETA AIR _DOSE = 8.89E-05 MILLRADS.
ANNUAL GAMMA AIR DOSE = 1.18E-04-MILLRADS

- PATHWAY T .BODY GI-TRACT - BONE LIVER KIDNEY THYROID LUNG SKIN
R e T R Fommmmm e $om oo R Fmmmmm oo pmm - +
PLUME 7.70E-05 7.70E-05 7.70E-05 7.70E-05 : 7.70E-05 7.70E-05 7.76E-05 1.38E-04
————————— e T et A e T e el e Rkt
GROUND 1.90E-07 1.90E-07 1.90E-07 1.90E-07 : 1.90E-07 1.90E-07 1.90E-07 2.24E-07
--------- ik e B e i B it
INHAL :

ADULT 3.58E-05 3.58E-05 7.44E-08 3.59E-05 : 3.61E-05 4.57E-05 3.57E-05 3.57E-05
————————— e S et e e e T T T
TEEN 3.62E-05 3.61E-05 1.02E-07 3.63E-05 : 3.65E-05 4 .89E-05 3.61E-05 3.61E-05
--------- B it e R et S et e
CHILD 3.20E-05 3.20E-05 1.36E-07 3.21E-05 : 3.22E-05 4.76E-05 3.18E-05 3.18E-05
--------- R et R i e e e TR
INFANT 1..84E-05 1.84E-05 1.09E-07 1.85E-05 : 1.86E-05 3.22E-05 1.83E-05 1.83E-05
————————— R R B e T R R et e L P PR e
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TABLE IV-A-4

‘ - FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
.SPECIAL LOCATION NO. 4 RES ‘
- AT 4.79 MILES ENE

ANNUAL_BETA AIR DOSE = 5.23E-06 MILLRADS
ANNUAL_GAMMA_ AIR DOSE = 3.67E-06 MILLRADS -

PATHWAY - T.BODY GI-TRACT .. BONE LIVER KIDNEY " THYROID LUNG SKIN
s oo Hmmm e e T Hmmmmmmmm o fommmm e I e +
PLUME 2.32E-06 2.32E-06 2.32E-06 2.32E-06 : 2.32E-06 2.32E-06 2.37E-06 4 .88E-06
————————— R T T e e T
GROUND 3.03E-09 3.03E-09 3.03E-09 3.03E-09 : 3.03E-09 3.03E-09 3.03E-09 3.58E-09
————————— e i e e e et BT R
INHAL . :

ADULT 3.08E-06 3.07E-06 2.34E-09 3.08BE-06 : 3.08E-06 3.51E-06 3.07E-06 3.07E-06
————————— R e T et T TS
TEEN 3.10E-06 3.10E-06 3.23E-08 3.11E-06 : 3.11E-06 3.65E-06 3.10E-06 3.10E-06
————————— e e L S S LT TS
CHILD 2.74E-06 2.74E-06 4.31E-09 2.75E-06 : 2.75E-06 3.39E-06 2.74E-06 2.74E-06
————————— e et T e e e
INFANT 1.58E-06 1.58E-06 3.44E-09 1.58E-06 :. 1.58E-06 2.16E-~06 1.58E-06 1.58E-06
————————— e e e it Tt It P U U
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TABLE IV-A-5

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 5 RES
AT 4.67 MILES E

ANNUAL BETA AIR DOSE = 7.56E-06 MILLRADS
ANNUAL GAMMA AIR DOSE = 4.47E-06 MILLRADS

PATHWAY T.BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
————————— e R et e e T e
PLUME 2.79E-06 2.79E-06 2.79E-06 2.79E-06 : 2.79E-06 2.79E-06 2.86E-06 6.22E-06
--------- R e e e e T e J
GROUND 2.73E-09 2.73E-09 2.73E-09 2.73E-09 : 2.73E-09 2.73E-09 2.73E-09 3.23E-09
————————— R e B et b e e i 3
INHAL :

ADULT 4.72E-06 4.72E-06 2.78E-09 4.72E-06 : 4.73E-06 5.31E-06 4.72E-06 4.72E-06
————————— e o i B R e e e R it e
TEEN 4.76E-06 4.76E-06 3.84E-09 4.77E-06 : 4.77E-06 5.50E-06 4.76E-06 4.76E-06
————————— i e B e e A R R TR R
CHILD 4.21E-06 4.21E-06 5.14E-09 4.21E-06 : 4.22E-06 5S.07E-06 4.20E-06 4.20E-06
————————— R e e R e R it Dttt
INFANT 2.42E-06 2.42E-06 4.10E-09 2.43E-06 : 2.43E-06 3.20E-06 2.42E-06 2.42E-06
————————— R e i et R R et e S
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TABLE IV-A-6

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 6 RES
AT 4.22 MILES ESE

ANNUAL BETA AIR_DOSE = 1.42E-05 MILLRADS
ANNUAL_GAMMA AIR DOSE = 7.10E-06 MILLRADS

PATHWAY T.BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
--------- e T T T S S T DT
PLUME 4 .37E-06 4 .37E-06 4 .37E-06 4 37E-06 : 4.37E-06 4.37E-06 4.50E-06 1.04E-05
————————— R T e e R it TR
GROUND 4.01E-09 4.01E-09 4.01E-09 4.01E-09 : 4.01E-09 4 .01E-09 4.01E-09 4.76E-09
--------- B T h e N T "
INHAL :

ADULT 9.30E-06 9.238E-06 4.18E-09 9.30E-06 : 9.31E-06 1.03E-05 9.29E-06 9.29E-06
————————— e e T T T . B E T T
TEEN S.38E-06 9.3BE-06 5.80E-09 9.39E-06 : 9.40E-06 1.07E-05 9.38E-06 9.38E-06
————————— e Rt e e
CHILD 8.29E-06 8.29E-06 7.77E-09 8.29E-06 : 8.30E-06 9.77E-06 8.28E-06 8.28E-06
--------- e et e T LT T Epu U UpI U R
INFANT 4.77E-06 4.77E-06 6.18E-09 4.77E-06. : 4.77E-06 6.11E-06 4 .76E-06 4.76E-06
————————— R e R T LT
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TABLE IV-A-7

- FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 7 RES
AT 1.67 MILES SE

ANNUAL_ BETA AIR DOSE = 1.40E-04 MILLRADS
ANNUAL GAMMA AIR DOSE = 1.60E-04 MILLRADS

PATHWAY T.BODY - GI-TRACT BONE LIVER KIDNEY THYROID - LUNG SKIN
--------- L T T LT SR TP *
PLUME 1.04E-04 1.04E-04 1.04E-04 1.04E-04 : 1.04E-04 1.04E-04 1.05E-04 1.91E-04
et o Fom e o m oo D T dommmm o drmmmmm dmmm e i +
GROUND 2.84E-07 2.84E-07 2.84E-07 2.84E-07 : 2.84E-07 2.84E-07 2.84E-07 3.35E-07
--------- L T T e R it s
INHAL :
ADULT 6.37E-05 6.37E-05 1.03E-07 6.39E-05 : 6.41E-05 7.84E-05 6.36E-05 6.36E-05
A e m e $ommmmmmm fommm - o ae 4mmm o o o +
TEEN 6.43E-05 6€.43E-05 1.42E-07 6.46E-05 : 6.48E-05 8.31E-05 6.42E-05 6.42E-05
————————— T S L T e R b s
CHILD 5.68E-05 5.69E-05 1.90E-07 5.70E-05 : 5.72E-05 7.98E-05 5.67E-05 5.67E-05
--------- N T T Lt T e LRt R P
INFANT 3.27E-05 3.28E-05 1.52E-07 3.29E-05 : 3.29E-05 5.31E-05 3.26E-05 3.26E-05
————————— e T e N T T it Tt s

Iv-11



TABLE IV-A-8

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 8 RES ’
AT 0.65 MILES SSE

- ANNUAL_BETA AIR DOSE = 1.24E-03 MILLRADS
ANNUAL GAMMA AIR DOSE = 1.65E-03 MILLRADS

PATHWAY ‘ T;BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN

————————— R e T e ek e e e R it
PLUME 1.08E-03 1.08E-03 1.08E-03 1.08E-03 : 1.08E-03 1.08E-03 1.09E-03 1.93E-03
--------- e R e R e e e E LD R
GROUND 5.71E-06 : 5.71E-06.: 5.71E-06 : 5.71E-06 : 5.71E-06 : 5.71E-06 : 5.71E-06 : 6.73E-06
e 4--mmmmm oo R R $o-mmmeomm- e R TP $ommmmeem - R R +
INHAL :

ADULT 5.01E-04 5.01E-04 1.06E-06 5.03E-04 : 5.05E-04 6.42E-04 5.00E-04 5.00E-04
--------- e e e e e e e S e LR DR
TEEN 5.06E-04 5.06E-04 1.46E-06 5.09E-04.: 5.11E-04 6.88E-04 5.05E-04 5.05E-04
————————— e e e ek et e i B e L
CHILD 4.48E-04 4.49E-04 1.95E-06 4.49E-04 : 4.51E-04 6.71E-04 4.46E-04 4.46E-04
--------- e L e e e e
INFANT 2.58E-04 2.58E-04 1.56E-06 2.60E-04 : 2.60E-04 4.56E-04 2.56E-04 2.56E-04
————————— e T i e b
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TABLE IV-A-9

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 9 RES
AT 0.73 MILES S

ANNUAL_BETA AIR DOSE = 5.33E-04 MILLRADS
ANNUAL GAMMA AIR DOSE = 7.08E-04 MILLRADS

PATHWAY T.BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
--------- R T i e
PLUME 4.62E-04 4.62E-04 4.62E-04 4.62E-04 : 4.62E-04 4.62E-04 4.66E-04 8.26E-04
————————— B T R e e el SRR
GROUND 1.82E-06 1.82E-06 1.82E-06 1.82E-06 : 1.82E-06 1.82E-06 1.82E-06 2.15E-06
————————— e T e e e e R L B R
INHAL :

ADULT 2.15E-04 2.15E-04 4.56E-07 2.16E-04 : 2.16E-04 2.75E-04 2.14E-04 2.14E-04
--------- e e b T e e R R R T T T TR
TEEN 2.17E-04 2.17E-04 6.27E~-07 2.18E-04 : 2.19E-04 2.95E-04 2.16E-04 2.16E-04
--------- e B it e e T S it
CHILD 1.92E-04 1.92E-04 8.35E-07 1.93E-04 : 1.93E-04 2.87E-04 1.91E-04 1.91E-04
————————— R e e e T e ST PR
INFANT 1.10E-04 1.11E-04 6.68E-07 1.11E-04 : 1.11E-04 1.95E-04 1.10E-04 1.10E-04
--------- R et R et e e e
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TABLE IV-A-10

: FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. . 10 RES
AT 0.65 MILES SSW

ANNUAL BETA AIR DOSE = 2.99E-04 MILLRADS
ANNUAL GAMMA AIR DOSE = 2.24E-04 MILLRADS

PATHWAY T.BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
————————— e e e e e e e e S
PLUME 1.42E-04 1.42E-04 1.42E-04 1.42E-04 : 1.42E-04 1.42E-04 1.45E-04 2.93E-04
--------- e R e e B e e itk et it
GROUND 4.02E-07 4.02E-07 4.02E-07 4.02E-07 : 4.02E-07 4.02E-07 4.02E-07 4.75E-07
--------- L T T e e T e e
INHAL :

ADULT 1.72E-04 1.72E-04 1.54E-07 1.72E-04 : 1.72E-04 1.99E-04 1.72E-04 1.72E-04
————————— B S e B e el it
TEEN 1.73E-04 1.73E-04 2.12E-07 1.74E-04 : 1.74E-04 2.08E-04 1.73E-04 1.73E-04
————————— R i e e e e e it ol §
CHILD 1.53E-04 1.53E-04 2.84E-07 1.53E-04 : 1.54E-04 1.94E-04 1.53E-04 1.53E-04
--------- e B e B e it
INFANT 8.81E-05 8.81E-0S5 2.26E-07 8.84E-05 : 8.B4E-05 1.25E-04 8.79E-05 8.79E-05
--------- e i i B e e e e il 4
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TABLE IV-A-11

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 11 RES
AT 0.73 MILES SW

ANNUAL_BETA_AIR_DOSE = 3.38E-04 MILLRADS
ANNUAL_GAMMA ATIR DOSE = 4.48E-04 MILLRADS

PATHWAY T .BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
————————— R e e e i e e s
PLUME 2.93E-04 2.93E-04 2.93E-04 2.93E-04 : 2.93E-04 2.93E-04 2.95E-04 5.23E-04
--------- R i i i T e i
GROUND 6.70E-07 6.70E-07 6.70E-07 6.70E-07 : 6.70E-07 6.70E-07 6.70E-07 7.90E-07
————————— R e i e T e R
INHAL :

ADULT 1.36E-04 1.36E-04 2.88E-07 1.37E-04 : 1.37E-04 1.74E-04 1.36E-04 1.36E-04
--------- A e i e e i T e e iR S
TEEN 1.37E-04 1.37E-04 3.96E-07 1.3BE-04 : 1.39E-04 1.87E-04 1.37E-04 1.37E-04
————————— R e R R e it e S T
CHILD 1.21E-04 1.22E-04 5.2BE-07 1.22E-04 : 1.23E-04 1.82E-04 1.21E-04 1.21E-04
————————— R e e i L Lk T Iy IR
INFANT 6.99E-05 7.00E-05 4 .22E-07 7.05E-05 : 7.06E-05 1.24E-04 6.96E-05 6.96E-05
————————— R e R i e it e RV ISy U Uy S U Y

IvV-15



TABLE IV-A-12

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 12 RES
AT 1.06 MILES WSW

ANNUAL_BETA_AIR DOSE = 2.13E-04 MILLRADS
ANNUAL GAMMA AIR DOSE = 2.83E-04 MILLRADS

PATHWAY T .BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
--------- e i e i e B e R e e
PLUME 1.85E-04 1.85E-04 1.85E-04 1.85E-04 : 1.85E-04 1.85E-04 1.86E-04 3.30E-04
--------- R i e e e R it T
GROUND 3.48E-07 3.48E-07 3.48E-07 3.48E-07 : 3.48E-07 3.48E-07 3.48E-07 4.10E-07
————————— R e e e e et R it b S
INHAL :

ADULT 8.60E-05 8.58E-05 1.84E-07 8.63E-05 : 8.66E-05 1.10E-04 8.58E-05 8.58E-05
————————— i e e A e el e T s
TEEN 8.68E-05 8.67E-05 2.53E-07 8.72E-05 : 8.76E-05 1.18E-04 8.65E-05 8.65E-05
————————— R B i R b R ket TR TR P
CHILD 7.67E-05 7.69E-05 3.37E-07 7.71E-05 : 7.74E-05 1.15E-04 7.64E-05 7.64E-05
————————— A i R e R I et T e et 5
INFANT 4.42E-05 4.42E-05 2.68%E-07 4.45E-05 : 4.46E-05 7.84E-05 4 .40E-05 4.40E-05
————————— R e e T e it RS
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 TABLE IV-A-13

: FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 13 RES
AT 1.20 MILES W

ANNUAL BETA AIR DOSE = 1.96E-04 MILLRADS
ANNUAL_GAMMA AIR_DOSE = 2.59E-04 MILLRADS

PATHWAY T.BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
————————— L T e e et e R
PLUME 1.69E-04 1.69E-04 1.69E-04 1.69E-04 : 1.69E-04 1.69E-04 1.71E-04 3.03E-04
--------- B e R e S el e e i ARl el SEe Rl el e it o
GROUND 3.72E-07 3.72E-07 3.72E-07 3.72E-07 : 3.72E-07 3.72E-07 3.72E-07 4 .39E-07
--------- T i R e e R e e il e e s
INHAL :

ADULT 7.88E-05 7.87E-05 1.64E-07 7.91E-05 : 7.93E-05 1.00E-04 7.86E-05 7.86E-05
————————— +—---————--+—————--—--+--—-—-—---+——--7—-?——+——--—-———-+———~---—--+——--—----—+—-~—-———--+
TEEN 7.96E-05 7.95E-05 2.26E-07 7.99E-05 : B8.03E-05 1.08E-04 7.93E-05 7.93E-05
--------- R it e e A i i e S it e e e 4
CHILD 7.03E-05 7.05E-05 3.00E-07 7.06E-05 : 7.09E-05 1.05E-04 7.01E-05 7.01E-05
————————— B i s e et e R R e it A Rl A R E e e il
INFANT 4.05E-05 4.05E-05 2.40E-07 4.08E-05 : 4.08E-05 7.10E-05 4.,03E-05 4 .03E-05
————————— R e e e il R e e e e e it e 3
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TABLE IV-A-14

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 14 RES ’
AT 2.27 MILES WNW

ANNUAL BETA AIR DOSE = 6.91E-05 MILLRADS
ANNUAL_GAMMA AIR DOSE = 6.90E-05 MILLRADS

PATHWAY T .BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
————————— e R et e e e e e
PLUME 4.46E-05 4.46E-05 4.46E-05 4.46E-05 : 4.46E-05 4.46E-05 4 .51E-05 8.47E-05
————————— it e et it Rt e et e bR e e
GROUND 6.80E-08 6.80E-08 6.80E-08 6.80E-08 : 6.80E-08 6.80E-08 6.80E-08 8.03E-08
--------- e R e R e e R A it £
INHAL .

ADULT 3.44E-05 3.43E-05 4.50E-08 3.44E-05 : 3.45E-05 4.11E-05 3.43E-05 3.43E-05
--------- i e e e e et LR PR E b
TEEN 3.47E-05 3.47E-05 6.20E-08 3.48E-05 : 3.49E-05 4.34E-05 3.46E-05 3.46E-05
--------- i e e e e e i &
CHILD 3.06E-05 3.07E-05 8.26E-08 3.07E-05 : 3.08BE-05 4.12E-05 3.06E-05 3.06E-05
--------- e e e i S R e R e e
INFANT 1.76E-05 1.76E-05 6.60E-08 1.77E-05 : 1.77E-05 2.70E-05 1.76E-05 1.76E-05
--------- i i i e e e et e

1
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'TABLE IV-A-15

) FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 15 RES
AT 2.40 MILES NW |

ANNUAL BETA AIR DOSE = 8.19E-05 MILLRADS
ANNUAL GAMMA AIR DOSE = 6.97E-05 MILLRADS

PATHWAY T.BODY GI-TRACT BONE - LIVER KIDNEY . ‘'THYROID LUNG SKIN
--------- e i B i e e
PLUME 4.46E-05 4.46E-05 4.46E-05 4.46E-05 : 4.46E-05 4.46E-05 4.53E-05 8.85E-05
————————— e e e e i R e e a2
GROUND 8.58E-08 8.58E-08 8.58E-08 8.58E-08 : 8.58E-08 8.58E-08 8.58E-08 1.01E-07
--------- B e e e e i e e e
INHAL . .

ADULT 4.44E-05 4.43E-05 4.60E-08 4.44E-05 : 4.45E-05 5.1%E-05 4.43E-05 4.43E-05
--------- B e e i i s e il R 3
TEEN 4 .48E-05 4.48E-05 6.34E-08 4.49E-05 : 4.50E-05 5.44E-05 4.47E-05 4.47E-05
————————— e i e i e i i R i e el R
CHILD 3.96E-05 3.96E-05 8.46E-08 3.96E-05 : 3.97E-05 5.11E-05 3.95E-05 3.95E-05
————————— e i e e e el e i i A eata e R R S
INFANT 2.28E-05 2.28E-05 6.76E-08 2.28E-05 : 2.29E-05 3.31E-05 2.27E-05 2.27E-05
————————— i i e e e i i e S et &
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TABLE IV-A-16

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
" SPECIAL LOCATION NO. 16 RES : :
AT 2.08 MILES NNW )

ANNUAL_BETA AIR DOSE = 8.03E-05 MILLRADS
ANNUAL_GAMMA AIR DOSE = 6.78E-05 MILLRADS

EPATHWAY T.BODY GI-TRACT BONE LIVER " KIDNEY . THYROID - LUNG SKIN
--------- e i i et e Rl Bt P
PLUME 4.34E-05 4.34E-05 4.34E-05 4 .34E-05 : 4.34E-05 4 .34E-05 4.41E-05 8.62E-05
--------- R e T e e T ek 1
GROUND 1.37E-07 1.37E-07 1.37E-07 1.37E-07 : 1.37E-07 1.37E-07 1.37E-07 1.62E-07
————————— i i T e e T L L L T
INHAL :

ADULT 4 .36E-05 4.36E-05 4.51E-08 4.37E-05 : 4.38E-05 5.11E-05 4 .36E-05 4.36E-05
————————— R R B e e et L LT T T e
TEEN 4.41E-05 4.40E-05 6.22E-08 4.41E-05 : 4.42E-05 5.36E-05 4.40E-05 4.,40E-05
————————— R e e e O L T T T PNy AUy USRS
CHILD 3.89E-05 3.90E-05 8.30E-08 3.90E-05 : 3.91E-05 5.03E-05 3.89E-05 3.89E-05
--------- R e S e v Sy g R
INFANT 2.24E-05 2.24E-05 6.63E-08 2.25E-05 : 2.25E-05 3.26E-05 2.23E-05 2.23E-05
————————— R e Tt ik T AUy PO S
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TABLE IV-A-17

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 17 VEG
AT 1.59 MILES NE

ANNUAL BETA AIR DOSE = 6.74E-05 MILLRADS
ANNUAL,_GAMMA AIR DOSE = 6.69E-05 MILLRADS

PATHWAY T .BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
--------- B e i B e e e il el &
PLUME 4.32E-05 4.32E-05 : 4.32E-05 4.32E-05 : 4.32E-05 : 4.32E-05 : 4.37E-05 8.22E-05
————————— B e e de e s it e Al il il Sttt
GROUND 1.14E-07 1.14E-07 1.14E-07 1.14E-07 : 1.14E-07 1.14E-07 1.14E-07 1.35E-07
————————— B e e e e i e e e it st i 2
VEGET :

ADULT 6.10E-05 6.09E-05 1.48E-07 6.11E-05 : 6.12E-05 1.30E-04 6.09E-05 6.09E-05
————————— B i e e i e e el il Sl 2
TEEN 6.98E-05 6.97E-05 2.13E-07 6.99E-05 : 7.01E-05 1.57E-04 6.96E-05 6.96E-05
————————— R e e R R e R A DR LA St
CHILD 1.08E-04 1.08E-04 4.91E-07 1.09E-04 : 1.09E-04 2.71E-04 1.08E-04 1.08E-04
--------- L et e e i e b R LD bl e e g
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TABLE IV-A-18

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 18 VEG :
AT 4.79 MILES ENE

ANNUAL BETA AIR DOSE = 5.23E-06 MILLRADS
ANNUAL GAMMA AIR_DOSE = 3.67E-06 MILLRADS

PATHWAY T.BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
————————— e e e b e e T e ik ¥
PLUME 2.32E-06 2.32E-06 2.32E-06 2.32E-06 : 2.32E-06 2.32E-06 2.37E~06 4 .88E-06
--------- e e R i e el e
GROUND 3.03E-09 3.03E-089 3.03E-09 3.03E-09 : 3.03E-09 3.03E-09 3.03E-09 3.58E-09
--------- e e et e R e e E DR R
VEGET :

ADULT 5.57E-06 5.57E-06 6.67E-09 5.58E-06 : 5.59E-06 8.69E-06 5.57E~-06 5.57E-06
————————— e it R e e i R et T
TEEN 6.38E-06 6.37E-06 9.63E-09 6.38E-06 : 6.39E-06 1.03E-05 6.37E~06 6.37E-06
————————— i e R it e e T e L R b
CHILD 9.90E-06 9.89E-06 2.21E-08 9.91E-06 : 9.93E-06 1.73E-05 9.89E-06 9.89E-06
--------- e R kb e e

Iv-22
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TABLE IV-A-19

_FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAIL, LOCATION NO. 19 VEG
AT 4.67 MILES E

ANNUAL BETA AIR_DOSE = 7.56E-06 MILLRADS
ANNUAL_GAMMA AIR DOSE = 4.47E-06 MILLRADS

PATHWAY T .BODY GI~TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
--------- T T it R e e R it 2
PLUME 2.79E-06 2.79E-06 2.79E-06 2.79E-06 : 2.79E-06 2.79E-06 2.86E-06 6.22E-06
--------- e ik i e e el L Rl DRt it 4
GROUND 2.73E-09 2.73E-09 2.73E-09 2.73E-09 : 2.73E-09 2.73E-09 2.73E-09 3.23E-09
————————— e e T e e e e e 3
VEGET ;

ADULT 8.55E-06 8.55E-06 7.97E-09 8.56E-06 : 8.57E-06 1.23E-05 8.55E-06 8.55E-06
--------- R e e e e e b e e &
TEEN 9.78E-06 9.78E-06 1.15E-08 9.79E-06 : 9.80E-06 1.45E-05 9.78E-06 9.78E-06
————————— e it e e i D il
CHILD 1.52E-05 1.52E-05 2.64E-08 1.52E-05 : 1.52E-05 2.40E-05 1.52E-05 1.52E-05
————————— it e A R et LR E R R Rt

Iv-23



TABLE IV-A-20

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 20. VEG
AT 5.00 MILES ESE

ANNUAL_BETA AIR DOSE = 1,20E-05 MILLRADS
ANNUAL_GAMMA_AIR_DOSE = 8.03E-06 MILLRADS

PATHWAY T.BODY " GI-TRACT BONE LIVER KIDNEY THYROIb LUNG SKIN

--------- B e S e e T i
PLUME 5.07E-06 5.07E-06 5.07E-06 5.07E-06 : 5.07E-06 5.07E-06 5.17E-06 1.08E-05
--------- e e i B R e R R
GROUND 5.07E-09 5.07E-09 5.07E-09 5.07E-09 : 5.07E-09 5.07E-09 5.07E-09 6.00E-09
————————— e e e b e e L LRl e bl o
VEGET :

ADULT 1.30E-05 1.30E-05 1.20E-08 1.30E-05 : 1.30E-05 1.86E-05 1.30E-05 1.30E-05
--------- e it e R e e e R R D PR D
TEEN 1.48E-~05 1.48E-05 1.73E-08 1.48E-05 : 1.49E-05 2.19E-05 1.48E-05 1.48E-05
--------- e i B e i e e ik
CHILD 2.30E-05 2.30E-05 3.98E-08 2.30E-05 : 2.31E-05 3.62E-05 2.30E-05 2.30E-05
--------- e e e e e ek J

IV-24



TABLE IV-A-~21

_ FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 21 VEG : . :
AT 1.74 MILES SE

ANNUAL BETA AIR DOSE = 1.18E-04 MILLRADS
ANNUAL _GAMMA AIR DOSE = 1.13E-04 MILLRADS

PATHWAY T .BODY GI-TRACT BONE - LIVER KIDNEY THYROID LUNG SKIN
--------- e i e e i e R A
PLUME 7.29E-05 7.29E-05 7.29E-05 7.29E-05 : 7.28E-05 7.29E-05 7.38E-05 1.40E-04
--------- e e e e e R i T et
GROUND 2.01E-07 2.01E-07 2.01E-07 2.01E-07 : 2.01E-07 2.01E-07 2.01E-07 2.37E-07
————————— A i e i e e e s R T
VEGET :

ADULT 1.09E-04 1.09E-04 2.75E-07 1.09E-04 : 1.09E-04 2.38E-04 1.09E-04 1.09E-04
————————— e B e B e T it E T TV U PR
TEEN 1.25E-04 1.25E-04 3.98E-07 1.25E-04 : 1.25E-04 2.87E-04 1.24E-04 1.24E-04
--------- R i e i it T T TR Py
CHILD 1.94E-04 1.93E-04 9.14E-07 1.94E-04 : 1.95E-04 4.97E-04 1.93E-04 1.93E-04
————————— e e i e i e i R T U S

IV-25



TABLE IV-A-22

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 22 VEG
AT 0.94 MILES SSE

ANNUAL_BETA_AIR DOSE = 5.51E-04 MILLRADS
ANNUAL_GAMMA_AIR_DOSE = 7.31E-04 MILLRADS

PATHWAY T .BODY GI-TRACT BONE i LIVER KIDNEY THYROID LUNG SKIN
————————— e e T etk Lt gy U
PLUME 4.78E-04 4.78E-04 4.78E-04 4.78E-04 : 4.78E-04 : 4.78E-04 4.81E-04 8.53E-04
--------- e Tttt PO
GROUND 2.57E-06 2.57E-06 2.57E-06 2.57E-06 : 2.57E-06 2.57E-06 2.57E-06 3.02E-06
————————— R it bt ettt Uy S
VEGET :

ADULT 4.03E-04 4.02E-04 2.10E-06 4.04E-04 : 4.07E-04 1.38E-03 4.01E-04 4.01E-04
--------- R B et e Tt U U U
TEEN 4.61E-04 4.60E-04 3.03E-06 4.63E-04 : 4.66E-04 1.70E-03 4.59E-04 4 .59E-04
————————— R e Tttt S gL g PR
CHILD 7.17E-04 7.14E-04 6.95E-06 7.20E-04 : 7.25E-04 3.03E-03 7.13E-04 7.13E-04
--------- e i Tt e itV Vg S

Iv-26



TABLE IV-A-23

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 23 VEG
AT 0.73 MILES S

ANNUAL_BETA_AIR DOSE = 5.33E-~04 MILLRADS
ANNUAL, GAMMA AIR DOSE = 7.08E-04 MILLRADS

PATHWAY T .BODY GI-TRACT - BONE LIVER KIDNEY THYROID LUNG SKIN
————————— R e e b e e Lt TRy R,
PLUME 4.62E-04 4.62E-04 4 .62E-04 4.62E-04 : 4.62E-04 4.62E-04 4.66E-04 8.26E-04
————————— R e e i R e S
GROUND 1.82E-06 1.82E-06 1.82E-06 1.82E-06 : 1.82E-06 1.82E-06 1.82E-06 2.15E-06
--------- R e e R e it b T U
VEGET :

ADULT 3.90E-04 3.89E-04 1.49E-06 3.91E-04 : 3.92E-04 1.09E-03 3.89E-04 3.89E-04
————————— e e e e e it TR IR Y
TEEN 4.46E-04 4.45E-04 2.15E-06 4.47E-04 : 4.50E-04 1.32E-03 4.44E-04 4.44E-04
————————— e et e e e NI Upp Sy
CHILD 6.93E-04 6.91E-04 4.94E-06 6.95E-04 : 6.98E-04 2.33E-03 6.90E-04 6.90E-04
————————— e e e il R et Er L E N I RPN

Iv-27



TABLE IV-A-24

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 24 VEG
AT 0.65 MILES SSW

ANNUAL BETA AIR DOSE = 2.99E-04 MILLRADS
ANNUAL GAMMA AIR DOSE = 2.24E-04 MILLRADS

PATHWAY T .BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
--------- e et e B e e e et Al 4
PLUME 1.42E-04 1.42E-04 1.42E-04 1.42E-04 : 1.42E-04 1.42E~-04 1.45E-04 2.93E-04
--------- e e e B e
GROUND 4.02E-07 4 .02E-07 4 .02E~07 4.02E-07 : 4.02E-07 4.02E-07 4.02E-07 4.75E-07
--------- e e R e R e R e e
VEGET :

ADULT 3.11E-04 3.11E-04 8.02E-07 3.12E-04 : 3.13E-04 6.86E-04 3.11E-04 3.11E-04
————————— e e e A e e e et T
TEEN 3.56E-04 3.56E-04 1.16E-06 3.57E-04 : 3.58E-04 B.28E-04 3.55E-04 3.55E-04
--------- e i e et e e R e T R R o
CHILD 5.54E-04 5.52E-04 2.66E-~06 5.55E-04 : 5.57E-04 1.44E-03 5.52E-04 5.52E-04
--------- i e i B e e e e

Iv-28



TABLE IV-A-25

) FORT CALHOUN ANNUAL' 2008, DOSE PROJECTIONS '
SPECIAL LOCATION NO. 25 VEG .
AT 0.75 MILES SW . )

ANNUAL_BETA_AIR_DOSE = 3.20E-04 MILLRADS
ANNUAL_GAMMA_AIR_DOSE = 4.25E-04 MILLRADS

PATHWAY T .BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
--------- R i e e it R it T TR S
PLUME 2.77E-04 2.77E-04 2.77E-04 2.77E-04 : 2.77E-04 2.77E-04 2.79E-04 4.95E-04
————————— R L et it it T TEpu Uy IO
GROUND 6.37E-07 6.37E-07 6.37E-07 6.37E-07 : 6.37E-07 6.37E-07 6.37E-07 7.51E-07
————————— R i e et it S
VEGET :

ADULT 2.34E-04 2.33E-04 5.21E-07 2.34E-04 : 2.34E-04 4.77E-04 2.33E-04 2.33E-04
--------- R e e e i il e e SR S Y
TEEN 2.67E-04 2.67E-04 7.52E-07 2.68E-04 : 2.68E-04 5.74E-04 2.67E-04 2.67E-04
————————— L e R e it e T U IR Sy
CHILD 4.15E-04 4.14E-04 1.73E-06 4.16E-04 : 4.17E-04 S.88E-04 4.14E-04 4.14E-04
————————— R e i L Iy U S

iv-29



TABLE IV-A-26

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 26 VEG
AT 1.21 MILES WSW

ANNUAL_BETA AIR _DOSE = 1.33E-04 MILLRADS
ANNUAL_GAMMA AIR DOSE = 1.51E-04 MILLRADS.

PATHWAY . T.BODY GI-TRACT =~  BONE LIVER KIDNEY - THYROID LUNG SKIN
--------- R et D R e e e e el J
PLUME 9.79E-05 9.79E-05 9.79E-05 9.79E-05 : 9.79E-05 9.79E-05 9.88E-05 1.81E-04
————————— b e i e e i 3
GROUND 1.79E-07 1.79E-07 1.79E-07 1.79E-07 : 1.79E-07 1.79E-07 1.79E-07 2.11E-07
--------- R e e e e i e e 2
VEGET :

ADULT 1.10E-04 1.10E-04 : 1.89E-07 1.10E-04 : '1.11E-04 1.98E-04 1.10E-04 1.10E-04
--------- e e R et e e e e e
TEEN 1.26E-04 1.26E-04 : 2.72E-07 1.26E-04 : 1.27E-04 : 2.37E-04 1.26E-04 1.26E-04
————————— e e e e e i T e ik 2
CHILD 1.96E-04 1.96E-04 6.26E-07 1.96E-04 : 1.97E-04 4.04E-04 1.96E-04 1.96E-04
--------- R e et e B R e S e el

Iv-30



'TABLE IV-A-27

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 27 VEG
AT 1.20 MILES W

ANNUAL BETA AIR DOSE = 1.96E-04 MILLRADS
ANNUAL GAMMA AIR_DOSE = 2.59E-04 MILLRADS

PATHWAY T.BODY GI-TRACT BONE LIVER KIDNEY THYROID . LUNG . SKIN
e $---mme- = R 4---------- g mmmem - AR T Fommm e $ommmmmm-— - $-ocmmmmmm +
PLUME 1.69E-04 1.69E-04 1.69E-04 1.69E-04 : 1.69E-04 1.69E-04 1.71E-04 3.03E-04
--------- e S et A it A e Rl b b e e
GROUND 3.72E-07 3.72E-07 3.72E-07 3.72E-07 : 3.72E-07 3.72E-07 3.72E-07 4.39E-07
—mmm - e s e Fommmmm oo m- Hmmmmmmmm e domm e R it Fommmm e +
VEGET .

ADULT 1.43E-04 1.43E-04 3.04E-07 1.43E-04 : 1.43E-04 2.85E-04 1.42E-04 1.42E-04
————————— B e e b R e R e R L T L e e
TEEN 1.63E-04 1.63E-04 4.39E-07 1.64E-04 : 1.64E-04 3.42E-04 1.63E-04 1.63E-04
————————— R e e A R R i T S
CHILD 2.54E-04 2.53E-04 1.01E-06 2.54E-04 : 2.55E-04 5.83E-04 2.53E-04 2.53E-04
--------- e i e e R il it SR

Iv-31



TABLE IV-A-28

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 28 VEG
AT 2.27 MILES WNW '

ANNUAL_BETA_AIR _DOSE = 6.91E-05 MILLRADS
ANNUAL GAMMA AIR _DOSE = 6.90E-05 MILLRADS

PATHWAY T.BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG ) SKIN

--------- e it e e e i 2
PLUME 4.46E-05 4.46E-05 4.46E-05 4.46E-05 : 4.46E-05 4.46E-05 4 .51E-05 8.47E-05
--------- b e e e i e et
GROUND 6.80E-08 6.80E-08 6.80E-08 6.80E-08 : 6.80E-08 6.80E-08 6.80E-08 8.03E-08
————————— e B e e e e R
VEGET :

ADULT 6.22E-05 6.22E-05 8.74E-08 6.23E-05 : 6.24E-05 1.03E-04 6.22E-05 6.22E-05
--------- e e T e e et e R L
TEEN 7.12E-05 7.11E-05 1.26E-07 7.13E-05 : 7.14E-05 1.23E-04 7.11E-05 7.11E-05
--------- i el R it e e e e Rt
CHILD 1.11E-04 1.10E-04 2.90E-07 1.11E-04 : 1.11E-04 2.07E-04 1.10E-04 1.10E-04
--------- e e e e e e L L L L R E LR R

Iv-32



TABLE IV-A-29

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 29 VEG
AT 2.40 MILES NW

ANNUAL_BETA_AIR _DOSE = 8.19E-05 MILLRADS
ANNUAL_GAMMA AIR_DOSE = 6.97E-05 MILLRADS

PATHWAY T .BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
————————— T et e e e e s o
PLUME 4.46E-05 4.46E-05 4.46E-05 4.46E-05 : 4.46E-05 4.46E-05 4 .53E-05 8.85E-05
————————— e it i R R A e Al Rl
GROUND 8.58E-08 8.58E-08 8.58E-08 8.58E-08 : 8.58E-08 8.58E-08 8.58E-08 1.01E-07
————————— R e R e S e il
VEGET .

ADULT 8.04E-05 8.04E-05 1.41E-07 8.05E-05 : 8.06E-05 1.46E-04 8.03E-05 8.03E-05
————————— e e e e R et T R
TEEN 9.20E-05 9.19E-05 2.03E-07 9.21E-05 : 9.23E-05 1.75E-04 9.18E-05 9.18E-05
————————— e i i e S i R e T L
CHILD 1.43E-04 1.43E-04 4.67E-07 1.43E-04 : 1.43E-04 2.98E-04 1.43E-04 1.43E-04
————————— i et e A R e it e T

Iv-33



TABLE IV-A-30

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 30 VEG :
AT 4.01 MILES NNW

ANNUAL, BETA AIR DOSE = 1.68E-05 MILLRADS
ANNUAL, GAMMA AIR DOSE = 9.31E-06 MILLRADS

PATHWAY T .BODY GI-TRACT - BONE LIVER KIDNEY THYROID LUNG SKIN

————————— e R it b R i et R el Dt T
PLUME 5.79E-06 5.79E-06 5.79E-06 5.79E-06 : 5.79E-06 5.79E-06 5.94E-06 1.32E-05
————————— R e e et T B S
GROUND 1.35E-08 1.35E-08 1.35E-08 1.35E-08 : 1.35E-08 1.35E-08 1.35E-08 1.61E-08
————————— R e R et e S S R s
VEGET . : R

ADULT 1.95E-05 1.94E-05 4.44E-08 1.95E-05 : 1.95E-05 4.02E-05 1.94E-05 1.94E-05
--------- R e i e T LT

TEEN 2.23E-05 2.22E-05 6.42E-08 2.23E-05 : 2.24E-05 4.84E-05 2.22E-05 2.22E-05
————————— R e ik TR VI u U I e

CHILD 3.46E-05 3.45E-05 1.47E-07 3.47E-05 : 3.48E-05 8.35E-05 3.45E-05 3.45E-05
————————— R e R e b T Uy NPV U R e

IvV-34



TABLE IV-A-31

) FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 31 BEEF
AT 4.91 MILES E

ANNUAL BETA_AIR_DOSE = 7.32E-06 MILLRADS
ANNUAL_ GAMMA AIR DOSE = 4.97E-06 MILLRADS

PATHWAY T .BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
————————— e e i e R et e e
PLUME 3.14E-06 3.14E-06 3.14E-06 3.14E-06 : 3.14E-06 3.14E-06 3.20E-06 6.66E-06
--------- e i et e R e Rt
GROUND 3.15E-09 3.15E-09 3.15E-089 3.15E-09 : 3.15E-09 3.15E-09 3.15E-0% 3.73E-09
————————— e e i e el el e g
MEAT :

ADULT 1.14E-06 1.14E-06 3.30E-10 1.14E-06 : 1.14E-06 1.29E-06 1.14E-06 1.14E-06
--------- e e e R e R e R
TEEN 6.77E-07 6.77E-07 2.74E-10 6.77E-07 : 6.77E-07 7.89E-07 6.77E-07 6.77E-07
--------- e i e e e e A et EEEEE LR
CHILD 8.20E-07 8.20E-07 5.09E-10 8.20E-07 : 8.20E-07 9.839E-07 8.20E-07 8.20E-07
————————— R e it e et T et TR L

IV-35



TABLE IV-A-32

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 32 BEEF
AT 5.00 MILES ESE

ANNUAL_BETA AIR DOSE = 1.20E-05 MILLRADS
ANNUAL_GAMMA AIR DOSE = 8.03E-06 MILLRADS

PATHWAY T.BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
——————— e e et e R R R R e B et b S
PLUME 5.07E-06 5.07E-06 5.07E-06 5.07E-06 : 5.07E-06 5.07E-06 5.17E-06 1.08E-05
--------- e e e B e s e e
GROUND 5.07E-09 5.07E-09 5.07E-09 5.07E-09 : 5.07E-09 5.07E-09 5.07E-09 6.00E-09
————————— B e et e e et e
MEAT :

ADULT 1.86E-06 1.86E-06 5.40E-10 1.86E-06 : 1.86E-06 2.11E-06 1.86E-06 1.86E-06
--------- R e e e e R e R il
TEEN 1.11E-06 1.11E-06 4.49%9E-10 1.11E-06 : 1.11E-06 1.29E-06 1.11E-06 1.11E-06
————————— e e i e e e e
CHILD 1.34E-06 1.34E-06 8.32E-10 1.34E-06 : 1.34E-06 1.62E-06 1.34E-06 1.34E-06
--------- e el e T e b T

IV-36



TABLE IV-A-33

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 33 BEEF
AT 2.60 MILES S

ANNUAL BETA AIR DOSE = 2.31E-05 MILLRADS
ANNUAL_GAMMA AIR DOSE = 3.07E-05 MILLRADS

PATHWAY T .BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
————————— e e et e e it e T R R
PLUME 2.00E-05 2.00E-05 2.00E-05 2.00E-05 : 2.00E-05 2.00E-05 2.02E-05 3.58E-05
--------- B e e T e i s D it Sk
GROUND 6.70E-08 6.70E-08 6.70E-08 6.70E-08 : 6.70E-08 6.70E-08 6.70E-08 7.90E-08
--------- B T e e i e TR L
MEAT :

ADULT 2.42E-06 2.42E-06 2.47E-09 2.42E-06 : 2.43E-06 3.58E-06 2.42E-06 2.42E-06
————————— i e i e e S e Al i it e it &
TEEN 1.44E-06 1.44E-06 2.05E-09 1.44E-06 : 1.45E-06 2.28E-06 1.44E-06 1.44E-06
————————— T L L et e e T
CHILD 1.75E-06 1.75E-06 3.80E-09 1.75E-06 : 1.75E-06 3.01E-06 1.75E-06 1.75E-06
————————— R i R ik e it S T TS

Iv-37



TABLE IV-A-34 .

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL - LOCATION NO. 34 BEEF ‘
AT 0.65 MILES SSW

ANNUAL_BETA_AIR DOSE = 2.99E-04 MILLRADS
ANNUAL_GAMMA AIR DOSE.= 2.24E-04 MILLRADS

PATHWAY T .BODY GI-TRACT BONE LIVER - KIDNEY THYROID LUNG SKIN
————————— T e e L e e R R e e
PLUME : 1.42E-04 : 1.42E-04 : 1.42E-04 : 1.42E-04 : 1.42E-04 : 1.42E-04 : 1.45E-04 : 2.93E-04
————————— R it et e At it e e
GROUND 4.02E-07 4.02E-07 4.02E-07 4.02E-07 : 4.02E-07 4.02E-07 4.02E-07 4.75E-07
---------- R bk T e D et e e
MEAT :

ADULT 4.47E-05 4.47E-05 3.61E-08 4.47E-05 : 4.48E-05 6.16E-05 4.47E-05 4.47E-05
--------- R e e e e e Sk R et SR T
TEEN 2.66E-05 2.66E-05 3.00E-08 2.67E-05 : 2.67E-05 3.89E-05 2.66E-05 2.66E-05
--------- e R i e e e R bt e T R
CHILD 3.23E-05 3.23E-05 5.56E-08 3.23E-05 : 3.23E-05 5.07E-05 3.22E-05 3.22E-05
————————— e e e e Rt et T R

IVv-38



TABLE IV-A-35

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. - 35 BEEF
AT 0.73 MILES SW

ANNUAL BETA AIR DOSE = 3.38E-04 MILLRADS
ANNUAL GAMMA AIR DOSE = 4.48E-04 MILLRADS

PATHWAY T.BODY - GI-TRACT - BONE LIVER KIDNEY - THYROID LUNG SKIN

————————— B e . L e e e i e et &
PLUME 2.93E-04 2.93E-04 2.93E-04 2.93E-04 : 2.93E-04 2.93E-04 2.95E-04 5.23E-04
--------- e it e e e e e et Sl el
GROUND 6.70E-07 6.70E-07 6.70E-07 6.70E-07 : 6.70E-07 6.70E-07 6.70E-07 7.90E-07
--------- e S e e e e e e
MEAT ‘ : .

ADULT 3.54E-05 3.54E-05 2.47E-08 3.54E-05 : 3.54E-05 : 4.69E-05 3.54E-05 3.54E-05
————————— B N e e e e et R it TR Rk 4
TEEN 2.11E-05 2.11E-05 2.05E-08 2.11E-05 : 2.11E-05 : 2.94E-0S 2.11E-05 : 2.11E-05
————————— e i e e e e e e A R el
CHILD 2.56E-05 2.55E-05 3.80E-08 2.56E-05 : 2.56E-05 3.82E-05 2.55E-05 2.55E-05
————————— B e R L R RS

Iv-39



TABLE IV-A-36

. FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 36 BEEF
AT 2.42 MILES WSW

ANNUAL BETA AIR_DOSE = 2.84E-05 MILLRADS
ANNUAL_GAMMA_AIR DOSE = 3.77E-05 MILLRADS 4 ,

PATHWAY T.BODY GI-TRACT BONE LIVER . KIDNEY THYROID LUNG SKIN
———————— R e e R R el R it R A e R L R L et et S
PLUME 2.47E-05 2.47E-05 2.47E-05 2.47E-05 : 2.47E-05 2.47E-05 2.48E-05 4.40E-05
————————— R i e e R i R R T
GROUND 3.89E-08 3.89E-08 3.89E-08 3.89E-08 : 3.89E-08 3.89E-08 3.89E-08 4.59E-08
————————— e e e e b i e R S
MEAT .

ADULT 2.98E-06 2.98BE-06 1.43E-09 2.98E-06 : 2.98E-06 3.65E-06 2.98E-06 2.98E-06
————————— e i et e il e &
TEEN 1.78E-06 1:77E-06 1.18E-09 1.78E-06 : 1.78E-06 2.26E-06 1.77E-06 1.77E-06
--------- i e R e e R i e b
CHILD 2.15E-06 2.15E-06 2.20E-09 2.15E-06 : 2.15E-06 2.88E-06 2.15E-06 2.15E-06
--------- e i T i O T e
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TABLE IV-A-37

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 37 BEEF
AT 3.25 MILES W

ANNUAL_BETA AIR DOSE = 1.78E-05 MILLRADS
ANNUAL GAMMA AIR DOSE = 2.36E-05 MILLRADS

PATHWAY T .BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
————————— i i A e e R e it
PLUME 1.54E-05 1.54E-05 1.54E-05 1.54E-05 : 1.54E-05 1.54E-05 1.55E~-05 2.75E-05
--------- R e e it T e T TR
GROUND 2.73E-08 2.73E-08 2.73E-08 2.73E-08 : 2.73E-08 2.73E-08 2.73E-08 3.22E-08
————————— R i A R D B s e S e MR
MEAT :

ADULT 1.86E-06 1.86E-06 1.00E-09 1.86E-06 : 1.86E-06 2.33E-06 1.86E-06 1.86E-06
--------- R e e e k. b S AU SRS Y
TEEN 1.11E-06 1.11E-06 8.35E-10 1.11E-06 : 1.11E-06 1.45E-06 1.11E-06 1.11E-06
————————— R i R i . LoD U U LRy U U
CHILD 1.34E-06 1.34E-06 1.55E-09 1.35E-06 : 1.35E-06 1.86E-06 1.34E-06 1.34E-06
--------- R e e i i R U T U
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TABLE IV-A-38

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 38 BEEF
AT 2.27 MILES WNW

ANNUAL_BETA_AIR _DOSE = 6.91E-05 MILLRADS
ANNUAL_GAMMA_AIR _DOSE = 6.90E-05 MILLRADS

PATHWAY T.BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
————————— i A e e e e il il it o
PLUME 4 .46E-05 4.46E-05 4.46E-05 4.46E-05 : 4.46E-05 4 .46E-05 4.51E-05 8.47E-05
--------- i e i il R e e e e niatadndale &
GROUND 6.80E-08 6.80E-08 6.80E-08 £.80E-08 : 6.80E-08 6.80E-08 6.80E-08 8.03E-08
————————— e e e et A e el il &
MEAT :

ADULT 8.94E-06 8.94E-06 3.93E-09 8.94E-06 : 8.94E-06 1.08E-05 8.93E-06 8.93E-06
————————— e e e e i S e el R b i
TEEN 5.33E-06 5.32E-06 3.27E-09 5.33E-06 : 5.33E-06 6.66E-06 5.32E-06 5.32E-06
--------- e i e e il el e et i R S e
CHILD 6.45E-06 6.45E-06 6.06E-09 6.46E-06 : 6.46E-06 8.47E-06 6.45E-06 6.45E-06
————————— e e e e e e e el S ¢
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TABLE IV-A-40

, FORT CALHOUN ANNUAL 2008,
SPECIAL LOCATION NO. 39 COW
AT 3.44 MILES S

ANNUAL_BETA AIR DOSE =
ANNUAL GAMMA AIR DOSE =

1.03E-05 MILLRADS
9.49E-06 MILLRADS

PATHWAY T .BODY GI-TRACT BONE
————————— R e it
PLUME 6.10E-06 : 6.10E-06 6.10E-06
—-emm— - e R +----- —————
GROUND 1.94E-08 : 1.94E-08 1.94E-08
U, fmm e — - ‘+.‘ _________ O
COW MILK v
ADULT : 3.29E-06 : 3.29E-06 1.75E-08
————————— B et il R
TEEN 4.29E-06 : 4.27E-06 3.18E-08
_________ o mme e e o e e g em e a
CHILD 6.80E-06 : 6.77E-06 7.71E-08
i o mmm e Fo-mm -
INFANT 1.03E-05 : 1.03E-05 1.61E-07
————————— e  h i

DOSE PROJECTIONS

KIDNEY THYROID
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TABLE IV-A-41

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
SPECIAL LOCATION NO. 40 COW .
AT 0.65 MILES SSW

ANNUAL_BETA_AIR_DOSE = 2.99E-04 MILLRADS
ANNUAL_GAMMA AIR DOSE = 2.24E-04 MILLRADS

PATHWAY T.BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
R dommmmmmmm o fmmmm dmmmmmm o et dmmmmmmm - B et e +
PLUME 1.42E-04 1.42E-04 1.42E-04 1.42E-04 : 1.42E-04 1.42E-04 1.45E-04 2.93E-04
————————— T e e e e e LR R LRt
GROUND 4.02E-07 4 .02E-07 4.02E-07 4. .02E-07 : 4.02E-07 4,.02E-07 4.02E-07 4.75E-07
--------- e i b e i e e T
COW MILK : _ : : oo B . : -3
ADULT : 1.05E-04 : 1.05E-04 : 4.98E-07 : 1.06E-04 : 1.06E-04 : 3.38E-04 : 1.05E-04 : 1.05E-04
————————— e e T e e D R il
TEEN 1.37E-04 1.37E-04 9.04E-07 1.38E-04 : 1.39E-04 5.06E-04 1.37E-04 1.37E-04
--------- e e e e e et T
CHILD 2.18E-04 2.16E-04 2.19E-06 2.18E-04 : 2.20E-04 9.46E-04 2.16E-04 2.16E-04
--------- e e i e e R v R LT Rl R
INFANT 3.31E-04 3.28E-04 4 .58E-06 3.34E-04 : 3.34E-04 2:10E-03 3.28E-04 3.2BE-04
--------- e e R b B bt e TR T
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TABLE IV-B-1

FORT CALHOUN 1 DOSE CONTRIBUTIONS FROM GASEOUS EFFLUENTS
UNRESTRICTED AREA BOUNDARY
REQUIRED BY TECHNICAL SPECIFICATION 5.9.4.a.

ANNUAL FOR JANUARY 1, 2008 TO DECEMBER 31, 2008

MAXIMUM SITE BOUNDARY GAMMA AIR DOSE - 1.98E-03 MILLRADS

MAXIMUM SITE BOUNDARY BETA AIR DOSE - 1.49E-03 MILLRADS
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TABLE IV-C-1

FORT CALHOUN ANNUAL 2008, DOSE PROJECTIONS
ALARA ANNUAL INTEGRATED POPULATION DOSE SUMMARY (PERSON-REM)

PATHWAY T.BODY GI-TRACT BONE LIVER KIDNEY THYROID LUNG SKIN
————————— e b R i e et B
PLUME : 2.70E-04 : 2.70E-04 : 2.70E-04 : 2.70E-04 : 2.70E-04 : 2.70E-04 : 2.81E-04 : 7.41E-04
13.10% :  13.10% : 99.28% : 13.09% : 13.08% :  10.49% : 13.55% :  29.29%
--------- R e N i e T
GROUND 4.69E-07 : 4.69E-07 : 4.69E-07 : 4.69E-07 : 4.69E-07 : 4.69E-07 : 4.69E-07 : 5.56E-07
0.02% 0.02% 0.17% 0.02% : 0.02% 0.02% 0.02% 0.02%
————————— R e b e e e e s
INHAL 7.54E-04 : 7.54E-04 : 3.95E-07 : 7.54E-04 : 7.55E-04 : 8.42E-04 : 7.54E-04 : 7.54E-04
36.59% 36.59% 0.15% 36.59% :  36.59% 32.73% 36.40% 29.77%
————————— i e R it S e e e e R TR LR
VEGET 7.16E-04 : 7.16E-04 : 1.99E-08 : 7.16E-04 : 7.16E-04 : 7.24E-04 : 7.16E-04 : 7.16E-04
34.73% 34.74% 0.01% 34.71% :  34.69% 28.13% 34.56% 28.27%
————————— T T S e e R T TR e
COW MILK : 1.59E-04 : 1.59E-04 : 9.84E-07 : 1.60E-04 : 1.61E-04 : 5.40E-04 : 1.59E-04 : 1.59E-04
7.73% 7.71% 0.36% 7.76% : 7.79% 21.00% 7.67% 6.27%
--------- R i e e e e e R e
MEAT 1.61E-04 : 1.61E-04 : 8.21E-08 : 1.61E-04 : 1.62E-04 : 1.96E-04 : 1.61E-04 : 1.61E-04
7.83% 7.83% 0.03% 7.83% : 7.83% 7.64% 7.79% 6.37%
————————— e e e i e R e e
*TOTAL* 2.06E-03 : 2.06E-03 : 2.72E-04 : 2.06E-03 : 2.06E-03 : 2.57E-03 : 2.07E-03 : 2.53E-03
————————— e R it S e it R e
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SECTION V

DOSE FROM LIQUID EFFLUENTS
LADTAP Il OUTPUT
Technical Specification 5.9.4.a

January 1, 2008 - December 31, 2008
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Radioactive Effluent Releases - First, Second, Third, and Fourth Quarters 2008
LIQUID EFFLUENTS

During the reporting period, a total of 1.10E-02 curies of radioactive liquid materials less
tritium, dissolved noble gases, and alpha were released to the Missouri River at an
average concentration of 3.74E-10 pCi/mL. This represents 3.74E-02 percent of the
limits specified in Appendix B to 10 CFR 20 (1.0E-06 pCi/mL for unrestricted areas),
176.50 curies of tritium were discharged at an average diluted concentration of
1.57E-05 pCi/mL or 1.57 percent of ECL (1.0E-03 pCi/mL). Gross alpha radioactivity
released during the reporting period total 2.01E-04 curies. Off-site vendor reanalysis of
samples indicated that the reported concentration was attributed to short lived, naturally
occurring alpha emitters.

Dilution water during the period amounted to 1.13E+12 liters, while liquid waste
-discharges consisted of 3.68E+06 liters of radioactive liquid waste and 1.47E+08 liters
of non-radioactive steam generator blowdown.



Potential Annual Doses to Individuals from Liquid Releases

Total body, skin, and organ mRem for liquid releases were calculated for all |
significant liquid pathways using the annual configuration of the LADTAP i
program. .

The inputs to LADTAP 1i for the annual period from January 1, 2008 through
December 31, 2008 were as follows:

(1)

(4)

()
(6)

All liquid effluents were as described in Section IV except for entrained
noble gases (Ar-41, Xe-131M, Xe-133M, Xe-133, Xe-135M, Xe-135,
Kr-85M, Kr-87, and Kr-88).

An average plant discharge rate of 641.1 cubic feet per second (CFS) was
utilized for 2008. The average discharge rate during releases was 435.52
cubic feet per second (CFS).

Dilution factors (inverse of the mixing ratios) were computed based on
Regulatory Guide 1.113 (equation 7 in Section 2.a.1 of Appendix A) for a
one dimensional transport model.

Drinking water transport times of 6.6 hours to the Omaha intake and
7.0 hours to the Council Bluffs intake for the ALARA doses were used. A
transport time of 0.0 was used from the plant to the discharge site.

A shorewidth factor of 0.2 was used.

All dose factors, transport times from receptor to individual,- and usage
factors are defined by Regulatory Guide 1.109 and NUREG-0172.

The discharge site was chosen to present the most conservative estimate of

mRem dose for an average adult, teenager, child, and infant. A conservative
approach is also presented by the assumption that Omaha and Council Bluffs
receive all drinking water from the Missouri River.
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Potential Annual Doses to Population from Liquid Releases

The LADTAP Il program in its annual configuration was also used to calculate to
total body and organ doses for the population of 853,274 within a 50-mile radius
of the plant (based on the 2000 census). The same input was used as in the
individual cases with the addition of the following:

(1)  Dilution factors and transport times for the pathways of sport fish,
commercial fish, recreation and biota were calculated based on a distance
of two miles downstream as approximately the distance to the nearest
recreation facility - DeSoto National Wildlife Preserve.

(2)  The total fish harvest for both sport and commercial purposes was
- calculated using an average commercial fish catch for Nebraska.
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LOCATION IS FRESHWATER INTAKE

ADULT DOSES
DOSE__ (MREM PER YEAR INTAKE)

PATHWAY SKIN BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI
FISH ‘ 8.89E-04 1.32E-03 9.0S5E-04 2.88E-04 4.86E-04 2.00E-04 1.84E-04
DRINKING 4 .38E-06 5.38E-04 5.36E-04 6.61E-04 5.35E-04 5.33E-04 5.45E-04
SHORELINE 5.70E-06 4.90E-06 4 .90E-06 4.90E-06 4 .90E-06 4.90E-06 4 .90E-06 4.90E-06
SWIMMING ’ 7.35E-08 7.35E-08 7.35E-08 7.35E-08 7.35E-08 7.35E-08 7.35E-08
BOATING 3.68E-08 3.68E-08 3.68E-08 3.68E-08 3.68E-08 3.68E-08 3.68E-08
TOTAL 5.70E-06 8.98E-04 1.86E-03 1.45E-03 9.54E-04 "1.03E-03 7.38E-04 7.35E-04
)
USAGE (KG/YR,HR/YR) DILUTION TIME (HR) SHOREWIDTH FACTOR=0.2
FISH 21.0 7.3 24.00
DRINKING "730.0 30.8 18.60
SHORELINE 12.0 7.3 0.00
SWIMMING 12.0 7.3 0.00
BOATING 12.0 7.3 0.00

TEENAGER DOSES
) : DOSE__ (MREM PER YEAR INTAKE)
DATHWAY SKIN BONE LIVER TOTAL BODY THYROID KIDNEY LUNG . GI-LLI

"FISH 9.49E-04 1.36E-03 5.17E-04 2.59E-04 4.90E-04 2.17E-04 1.35E-04 )
DRINKING 4.29E-06 3.80E-04 3.77E-04 4.86E-04 3.77E-04 3.76E-04 3.84E-04
SHORELINE 3.18E-05 2.73E-05 2.73E-05 2.73E-05 2.73E-05 2.73E-05 2.73E-05 2.73E-05
SWIMMING 4.11E-07 4.11E-07 4.11E-07 4.11E-07 4.11E-07 4.11E-07 4.11E-07
BOATING 2.05E-07 2.05E-07 2.05E-07 2.05E-07 2.05E-07 2.05E-07 2.C5E-07
TOTAL 3.18E-05 9.81E-04 1.77E-03 9.23E-04 7.73E-04 8.95E-04 6.21E-04. 5.46E-04
USAGE (KG/YR, HR/YR) DILUTION TIME (HR) SHOREWIDTH FACTOR=0.2

FISH 16.0 7.3 24.00

DRINKING 510.0 30.8 18.60

SHORELINE 67.0 7.3 0.00

SWIMMING 67.0 7.3 0.00

BOATING 67.0 7.3 0.00
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CHILD DOSES
DOSE__ (MREM PER YEAR_INTAKE)

PATHWAY SKIN BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI
FISH 1.19E-03 1.22E-03 » 2.20E-04 2.59E-04 4.22E-04 - 1.75E-04 6.97E-05
DRINKING 1.25E-05 7.32E-04 7.23E-04 9.86E-04 7.25E-04 7.22E-04 7.27E-04
SHORELINE 6.66E-06 5.71E-06 5S.71E-06 . 5.71E-06 5.71E-06 5.71E-06 5.71E-06 5.71E-06
SWIMMING B.58E-08 8.58E-08 8.58E-08 8.58E-08 8.58BE-08 8.58E-08 8.58E-08
BOATING 4,29E-08 4.29E-08 4.29E-08 4.29E-08 4.29E-08 4 .29E-08 4.29E-08
TOTAL 6.66E-06 ' 1.21E-03 1.96E-03 9.49E-04 1.25E-03 1.15E-03 9.03E-04 8.03E-04
USAGE (KG/YR,HR/YR) DILUTION TIME (KR} SHOREWIDTH FACTOR=0.2

FISH 6.9 7.3 24.00 :

DRINKING 510.0 30.8 18.60

SHORELINE 14.0 7.3 0.00

SWIMMING 14.0 o 7.3 0.00

BOATING: 14.0 7.3 0.00

INFANT DOSES
DOSE__ (MREM PER YEAR INTAKE)

PATHWAY SKIN BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI
FISH 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
DRINKING 1.33E-05 7.22E-04 7.10E-04 1.12E-03 7.12E-04 7.09E-04 7.11E-04
SHORELINE 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TOTAL - : 0.00E+00 1.33E-05 7.22E-04 7.10E-04 1.12E-03 7.12E-04 7.09E-04 7.11E-04
USAGE (KG/YR,HR/YR) DILUTION TIME (HR) SHOREWIDTH FACTOR=0.2
FISH . 0.0 7.3 24.00
DRINKING 330.0 30.8 18.60



LOCATION IS SITE DISCHG.

ADULT DOSES
DOSE__ (MREM PER YEAR INTAKE)

PATHWAY SKIN BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI

FISH 6.49E-03 9.65E-03 6.61E-03 2.10E-03 3,55E-03 1.46E-03 1.35E-03
DRINKING 1.35E-04 1.66E-02 1.65E-02 2.05E-02 1.65E-02 1.64E-02 1.68E-02
SHORELINE 4.16E-05 3.58E-05 3.58E-05 3.58E-05 3.58E-05 3.58E-05 3.58E-05 3.58E-05
SWIMMING ' 5.37E-07 5.37E-07 5.37E-07 5.37E-07 5.37E-07 5.37E-07 5.37E-07
BOATING 2.6BE-07 2.68E-07 2.68E-07 2.68E-07 2.68E-07 2.68E-07 2.68E-07
TOTAL 4.16E-0S 6.66E-03 2.63E-02 2.32E-02 2.26E-02 2.01E-02" 1.79E-02 1.82E-02

USAGE (KG/YR,HR/YR) DILUTION TIME (HR) SHOREWIDTH FACTOR=0.2

FISH 21.0 1.0 24.00

DRINKING 730.0 1.0 12.00

SHORELINE 12.0 1.0 0.00

SWIMMING 12.0 1.0 0.00

BOATING 12.0 1.0 0.00

TEENAG R DOSES
DOSE__ (MREM PER YEAR INTAKE)

PATHWAY SKIN BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI

FISH 6.93E-03 9.91E-03 3.78E-03 1.89E-03 3.58E-03 1.58E-03 9.85E-04
DRINKING 1.32E-04 1.17E-02 1.16E-02 1.51E-02 1.16E-02 1.16E-02 1.18E-02
SHORELINE 2.32E-04 2.00E-04 2.00E-04 2.00E-04 2.00E-04 2.00E-04 2.00E-04 2.00E-04
SWIMMING 3.00E-06 3.00E-06 3.00E-06 3.00E-06 3.00E-06 3.00E-06 3.00E-06
BOATING 1.50E-06 1.50E-06 1.50E-06 1.50E-06 1.50E-06 1.50E-06 1.50E-06
TOTAL 2.32E-04 7.27E-03 2.18E-02 1.56E-02 1.71E-02 1.54E-02 1.34E-02 1.30E-02

USAGE (KG/YR,HR/YR) DILUTION TIME (HR) SHOREWIDTH FACTOR=0.2

FISH 16.0 1.0 24 .00

DRINKING 510.0 1.0 . 12.00

SHORELINE 67.0 1.0 0.00

SWIMMING 67.0 1.0 0.00

BOATING 67.0 1.0, 0.00



CHILD DOSES

' DOSE__(MREM PER YEAR INTAKE) . .
PATHWAY SKIN, BONE - LIVER TOTAL BODY THYROID ' KIDNEY ' LUNG GL-LLI

FISH 8.71E-03 8.90E-03 1.61E-03 1.89E-03 3.0BE-03 1.28E-03 S.09E-04

DRINKING 3.85E-04 2.258-02  2.23E-02 3.06E-02 2.23E-02 2.22E-02 2.24E-02

SHORELINE . 4.86E-05 4.17E-05% 4.17E-05 4.17E-05 4.17E-05 4.17E-05 4.17E-05 4.17E-05

SWIMMING ' 6.26E-07 6.26E-07 6.26E-07 6.26E-07 6.26E-07 6.26E-07 6.26E-07

BOATING 3.13E-07 3.13E-07 3.13E-07 3.13E-07 3.13E-07 3.13E-07 3.13E-07

TOTAL " 4.86E-05 9.13E-03 3.15E-02 2.39E-02 3.25E-02 2.54E-02 2.36E-02 2.30E-02
USAGE (KG/YR,HR/YR) DILUTION TIME (HR) SHOREWIDTH FACTOR=0.2 A '

FISH 6.9 . 1.0 24.00 . : ' ‘ : .

DRINKING - 510.0 1.0 12.00 i '

SHORELINE 14.0 1.0 0.00

SWIMMING 14.0 1.0 0.00

BOATING 14.0 1.0 0.00

INFANT DOSES
DOSE__ (MREM PER YEAR INTAKE).

PATHWAY SKIN ~ BONE LIVER -  TOTAL BODY THYROID KIDNEY LUNG GI-LLI
FISH 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
DRINKING 4.10E-04 2.22E-02 2.19E-02 3.50E-02 2.19E-02 .2.18E-02 2.19E-02
SHORELINE - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 -  0.00E+00 0.00E+00 0.00E+00 0.00E+00
TOTAL 0.00E+00 4.10E-04 2.22E-02 2.19E-02 3.50E-02 2.19E-02 2.18E-02 2.19E-02
USAGE (KG/YR,HR/YR) DILUTION TIME (HR) : SHOREWIDTH FACTOR=0.2
FISH ) 0.0 . 1.0 24.00 '
DRINKING 330.0 1.0 . 12.00



* * * PISH CONSUMPTION POPULATIO
PERSON-REM
SPORT HARVEST
LTRSS DOSE (PERSON-REM) = == - === =cocmmommmomaem

PATHWAY AGE GROUP USAGE BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI
FISH ADULT 6.10E+04 2.58E-03 3.83E-03 2-.63E-03 5.59E-04 1.41E-03 5.80E-04 5.05E-04
FISH TEENAGER 7.12E+03 4.22E-04 6.03E-04 2.30E-04 7.57E-05 2.17E-04 9.64E-05 ©5.67E-05
FISH CHILD '4.93E+03 8.51E-04 8.70E-04  1.57E-04 1.19E-04 3.00E-04 1.25E-04 4.79E-05
. FISH . TOTAL 7.30E+04 3.85E-03 5.31E-03 3.01lE-03 7.54E-04 1.93E-03 8.01E-04 6.10E-04
LOCATION DILUTION CATCH TIME (HR) - INCLUDES FOOD PROCESQING_TIME OF 1.68E+02 HR POPULATION=1.24E+04
7.30E+00 7.30E+04 1.69E+02 ’
AVERAGE INDIVIDUAL CONSUMPTION (KG/YR) » ADULT=6.90E+00 TEEN=5.20E+00 CHILD=2.2OE+OO

* %, * FISH CONSUMPTION POPULATION DOSES * * *-
-  PERSON-REM
COMMERCIAL HARVEST '

: e <o _-DOSE (PERSON-REM)----------- R e--
PATHWAY AGE GROUP USAGE BONE LIVER TOTAL BODY THYROID  KIDNEY LUNG GI-LLI

FISH ADULT 4.18E+06 2.93E-04 4.36E-04 2.99E-04 5.35E-05 1.60E-04 6.59E-05 5.60E-05
FISH TEENAGER 4.88E+05 4.80E-05 .6.86E-05 2.61E-05 7.16E-06 2.47E-05 1.10E-05 6.30E-06
FISH . CHILD 3.3BE+05 9.68E-05 9.89E-05 1.78E-05 1.11E-05 3.41E-05 1.42E-05 5.36E-06
. FISH TOTAL 5.01E+06 4.3BE-04 6.03E-04 3.42E-04 7.17E-05 2.1%E-04 9.11E-05 6.77E-05
LOCATION . DILUTION CATCH ~ TIME (HR) - INCLUDES -FOOD PROCESSING TIME OF 2.40E+02 HR POPULATION=8.53E+05
7.30E+00 7.30E+04 2.41E+02 : ‘
AVERAGE INDIVIDUAL CONSUMPTION (KG/YR) ADULT=6 .90E+00 TEEN=5.20E+00 . CHILD=2.20E+00
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* * *  POPULATION WATER CONSUMPTION DOSES * * *

SUPPLIER-OMAHA ' . »
---------------------------- DOSE (PERSON-REM) - =-==-=====scomcceaoanaon-

PATHWAY AGE GROUP USAGE BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI
.04E-01

DRINKING ADULT 1.39E+08 8.31E-04 1.02E-01 1.02E-01 1.25E-01 1.02E-01 1.01E-01 1

DRINKING TEENAGER 1.51E+07 1.27E-04 1.13E-02 1.12E-02 1.42E-02 1.12E-02 1.12E-02 1.14E-02
DRINKING CHILD 2.48E+07 6.04E-04 3.55E-02 3.51E-02 4.72E-02 3.52E-02 3.50E-02 3.53E-02
DRINKING TOTAL 1.79E+08 1.56E-03 1.49E-01 1.48E-01 1.86E-01 1.48E-01 1.48E-01 1.50E-01
POPULATION=5.29E+05 DILUTION=3.08E+01 TRANSIT TIME=3.06E+01 HR (INCLUDING 24 HR FOR TREATMENT FACILITY)
AVERAGE INDIVIDUAL CONSUMPTION (L/YR) ADULT=3.70E+02 TEEN=2.60E+02 CHILD=2.60E+02

SUPPLIER-COUNCIL BLUFFS
---------------------------- DOSE (PERSON-REM) - ~-==-=-=n~-comocoeeon_=

PATHWAY AGE GROUP USAGE BONE . LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI

DRINKING ADULT 2.29E+07 1.34E-04 1.66E-02 1.65E-02 2.02E-02 1.65E-02 1.64E-02 1.68E-02
DRINKING TEENAGER 2.49E+06 2.05E-05 1.83E-03 1.81E-03 2.30E-03 1.81E-03 1.80E-03 1.84E-03
DRINKING CHILD 4.07E+06 9.77E-05 5.75E-03 5.68E-03 7.64E-03 5.69E-03 5.67E-03 5.71E-03
DRINKING TOTAL 2.94E+07 2.53E-04 2.41E-02 2.40E-02 3.01E-02 2.40E-02 2.39E-02 2.44E-02
POPULATION=8.70E+04 DILUTION=3.13E+01 TRANSIT TIME=3.10E+01 HR (INCLUDING 24 HR FOR TREATMENT FACILITY)
AVERAGE INDIVIDUAL CONSUMPTION (L/YR) ADULT=3.70E+02 TEEN=2.60E+02 CHILD=2.60E+02

----- CUMULATIVE TOTAL-----

PATHWAY AGE GROUP USAGE BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI
DRINKING CUMUL TOTAL 2.08E+08 1.81E-03 1.73E-01 1.72E-01 2.16E-01 1.72E-01 1.72E-01 1.75E-01

NEPA DOSES
NOTE- -TOTAL NEPA DOSE INCLUDES SPORT CATCH
---------------------------- DOSE (PERSON-REM) - = - === ======coccmoeoomo-

PATHWAY AGE GROUP USAGE BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI
FISH ) ADULT 1.22E+05 5.15E-03 7.66E-03 5.25E-03 1.03E-03 2.82E-03 1.16E-03 9.97E-04
FISH TEENAGER 1.42E+04 8.43E-04 1.21E-03 4.59E-04 1.39E-04 4.35E-04 1.93E-04 1.12E-04
FISH CHILD 9.85E+03 1.70E-03 1.74E-03 3.14E-04 2.17E-04 6.00E-04 2.49E-04 9.S50E-05
FISH TOTAL 1.46E+05 7.70E-03 1.06E-02 6,02E-03 1.38E-03 3.85E-03 1.60E-03 1.20E-03

HYDROSPHERE TRITIUM DOSE
AVERAGE INDIVIDUAL WATER CONSUMPTION = 3.0 L/DAY
. PATHWAY AGE GROUP USAGE BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLI
WATER TOTAL 2.86E+11 0.00E+00 1.35E-03 1.35E~03 1.35E-03 1.35E-03 1.35E-03 1.35E-03



* * * RECREATION POPULATION D

LOCATION- DOWN STREAM SWIMMING

DILUTION= 7.30E+00 TRANSIT TIME= 6.70E-01 HR . SWF= 0.2

DOSE (PERSON-REM)
PATHWAY AGE GROUP USAGE SKIN TOTAL BODY THYROID
SHORELINE TOTAL POPUL 4.10E+07 1.95E-02 1.67E-02 1.67E-02

LOCATION- DOWN STREAM SWIMMING

DILUTION= 7.30E+0QO0 TRANSIT TIME= 6.70E-01 HR

DOSE (PERSON-REM)
PATHWAY AGE GROUP USAGE SKIN TOTAL BODY THYROID
SWIMMING TOTAL POPUL 4.10E+07 2.51E-04 2.51E-04

LOCATION- DOWN STREAM BOATING

DILUTION= 7.30E+00 TRANSIT TIME= 6.70E-01 HR

DOSE (PERSON-REM)
PATHWAY AGE GROUP - USAGE SKIN TOTAL BODY THYROID
BOATING TOTAL POPUL 4.10E+07 1.25E-04 1.25E-04
* * * DOSE TO BIOTA * * *

MRADS PER YEAR

BIOTA DILUTION= 1.00E+00 TRANSIT TIME= (.00E+00 HR
INTERNAL EXTERNAL TOTAL
FISH 2.95E-02 1.31E-01 1.60E-01
INVERTEBRATE 3.55E-02 2.61E-01 2.97E-01
ALGAE 5.97E-02 3.92E-04 6.01E-02
MUSKRAT 1.73E-01 8.72E-02 2.60E-01
RACCOON 5.10E-02 6.53E-02 1.16E-01
HERON 7.06E-01 8.71E-02 7.94E-01
DUCK 1.61E-01 1.31E-01 2.91E-01
v-12



SECTION VI
RADIOACTIVE EFFLUENT RELEASES - SOLID RADIOACTIVE WASTE

Technical Specifications 5.9.4.a

January 1, 2008 - December 31, 2008
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III. RADIOACTIVE EFFLUENT RELEASES-SOLID RADIOACTIVE
WASTE EFFLUENT AND WASTE DISPOSAL REPORT

January 1, 2008 through December 31, 2008

SOLID WASTE AND IRKRADIATED FUEL SHIPMENTS

A. SOLID WASTE SHIPPED OFFSITE FOR BURIAL OR DISPOSAL (NOT IRRADIATED)

Month Number of Volume Curie Est.Total
1. Type of Waste Shipped Shipments Cu.Meter Content % Error
a. Spent resins, filter January 0 0.00E+00 0.00E+00 N/A
sludges, evaporator February 0 0.00E+00 0.00E+00 N/A
bottoms, etc. ’ March 0 0.00E+00 0.00E+00 N/A
‘ April 1 4.20E-01 3.92E+01 20
May 0 0.00E+00 0.00E+00 N/A
June 0 0.00E+00 0.00E+00 N/A
July 0 0.00E+0Q0O 0.00E+00 N/A
August 0 0.00E+00 0.00E+00 N/A
September 0 0.00E+00 0.00E+00 N/A ‘
October 0 0.00E+00 0.00E+00 N/A-
November 0 0.00E+00 0.00E+00 N/A
December 0 0.00E+00 0.00E+00 N/A
Total (Type a) ' 1 4.20E-01 3.92E+01 20
b. Dry compressable, January 5 5.22E+00 3.06E-02 20
contaminated equipment, February 0 0.00E+00 0.00E+00 N/A
etc. March 2 5.50E+00 1.23E-02 20
' April 0 0.00E+0O0O 0.00E+00 .. N/A
May 0 0.00E+0Q0 0.00E+00 N/A
June 5 1.40E+01 1.20E-01 20
July 3 7.43E+00 7.60E-02 20
August 8 3.75E+01° 3.49E-01 20
September 1 1.00E-01 5.89E-05 20
October 0 0.00E+00 0.00E+00 N/A
November 0 0.00E+00 0.00E+00 N/A
December 0 0.00E+00 0.00E+00 N/A
Total (Type b) 24 6.97E+01 5.88E-01 20.
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RADIOACTIVE EFFLUENT RELEASES-SOLID RADIOACTIVE

ITIT.
(Continued)
Month Number of Volume Curie Est.Total

1. Type of Waste Shipped Shipments Cu.Meter Content % Error
c. Irradiated components January 0 0 0 N/A
and other categories. February 0 0 0 N/A
March 0 0 0 N/A
April 0 0 0 N/A
May 0 0 0 N/A

June 0 0 0 N/A -
July 0 0 0 N/A
August 0 0 0 N/A
September 0 0 0 N/A
October o] 0 0 N/A
November 0 o} 0 N/A
December 0 0 0 N/A
Total (Type c) 0 0 0 N/A
d. Other January 0 0 0 N/A
February 0 0 0 N/a
March 0 0] 0 N/A
April 0 0 0 N/A
May 0 0 0 N/A
June o] 0 0 N/A
July 0 0 0 N/A
August 0 0 0 N/A
September 0 0 0 N/A
October 0 0 0 N/A
November 0 0 0 N/A
December 0 0 0 N/A

Total (Type 4d) 0 0 0 N/A
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IIT. RADIOACTIVE EFFLUENT RELEASES-~SOLID RADIOACTIVE
(Continued)
B. ESTIMATE OF MAJOR NUCLIDE COMPOSITION (By Type of Waste)

1. Percentage of Curies from Represented Isotopes

Isotope Percent Curies
a. Cs-137 51.5% 2.02E+01 All other nuclides
Ni-63 21.6% 8.46E+00 constitute less
Co-60 12.2% 4 .80E+00 than 1%
Cs-134 7.3% 2.86E+00
Fe-55 3.2% 1.25E+00
Sb-125 1.1% 4.32E-01
Co-58 1.0% 3.83E-01
b. Cs-137 36.6% 2.15E-01 All other nuclides
Co-58 . 14.5% 8.52E-02 constitute less
Fe-55 12.3% 6.87E-02 than 1%
Co-60 11.7% 7.26E-02
Ni-63 9.5% 5.57E-02
Ag-110m 6.9% 4.04E-02
Cs-134 4.4% 2.57E-02
Sb-125 1.6% 9.63E-03
c. N/A N/A N/A
d. N/A N/A N/A

C. SOLID WASTE (DISPOSITION)

Number of Shipments Transportation Mode Destination
1 Closed Sole Use Vehicle Barnwell,S.C.

24 Closed Sole Use Vehicle Clive, Utah

D. IRRADIATED FUEL SHIPMENTS (DISPOSITION)

Number of Shipments Transportation Mode Destination

N/A N/A N/A
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SECTION VI

ATTACHMENT 1

ODCM and PCP revisions for the period January 1, 2008 through December 31, 2008
in accordance with Technical Specification 5.17.d and 5.18.d, the radioactive effluent
release report shall include any revisions to the Offsite Dose Calculation Manual
(ODCM) and the Process Control Program (PCP).

1__- revision(s) made to the Offsite Dose Calculation Manual (ODCM).

0 revision(s) made to the Process‘an'troI Program (PCP). -

- January 1, 2008 - December 31, 2008
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Change No.
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Reason for Change

Removed 24 hour allowance for sample analysis and updated
environmental sample locations.
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FORT CALHOUN STATION : CH-ODCM-0001
OFF-SITE DOSE CALCULATION MANUAL REFERENCE USE " PAGE 7 OF 125

1.

OFF-SITE DOSE CALCULATION MANUAL (ODCM)

DEFINITIONS

Effluent Concentration Limit (ECL)

Radionuclide limits listed in 10 CFR Part 20, Appendix B Table 2, Column 1.

Channel Check

A CHANNEL CHECK shall be the qualitative assessment of channel behavior during
operation by observation. This determination shall include, where possible, comparison of
the channel indication and/or status with other indications and/or status derived from
independent instrument channels measuring the same parameter.

Channel Function Test

Injection of a simulated signal into the channel to verify that it is operable, ihcluding any
alarm and/or trip initiating action.

Member(s) of the Public

Member(s) of the Public means any individual except when that individual is receiving
occupational dose.

Operable - Operability

A system, subsystem,; train, component or device shall be OPERABLE or have
OPERABILITY when it is capable of performing its specified function(s). Implicit in this
definition shall be the assumption that all necessary attendant instrumentation, controls,
normal and emergency electrical power sources, cooling or seal water, lubrication, or other
auxiliary equipment that are required for the system, subsystem, train, component, or
device to perform its function(s) are also capable of performing their related support
function(s). ; ‘ '

Purqe-Purqinq'

PURGE or PURGING shall be any controlled process of discharging air or.gas from a

confinement to maintain temperature, pressure, humidity, concentration or other operating

condition, in such a manner that replacement air or gas is required to purify the
confinement. '

Source Check

A SOURCE CHECK shall be the qualitative assessment of channel response when the
channel sensor is exposed to a source of increased radioactivity. '
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FORT CALHOUN STATION ' CH-ODCM-0001

OFF-SITE DOSE CALCULATION MANUAL REEERENQ_EJJ_SE , PAGE 8 OF 125
1. DEFINITIONS (continued)

Venting

VENTING shall be the controlled process of discharging air or gas from a confinement to
maintain temperature, pressure, humidity, concentration, or other operating condition, in

such a manner that replacement air or gas is not provided or required during VENTING.

Vent, used in system names, does not imply a VENTING process.

Site Boundary

: The Site Boundary is the line beyond which the Iand is neither owned, or leased, nor

controlled by the licensee.

Unrestricted Area

An UNRESTRICTED AREA shall be any area at or beyond the SITE BOUNDARY access
to which is not controlled by the licensee for purposes of protection of individuals from
exposure to radiation and radioactive materials, or any area within the SITE BOUNDARY
used for residential quarters. or for industrial, commercial, institutional, and/or recreational
purposes. :

Water Effluent Concentration (WEC)

Radionuclide limits listed in 10 CFR Part 20, Appendix B, Table 2, Column 2.
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FORT CALHOUN STATION

'OFF-SITE DOSE CALCULATION MANUAL REEERENQE_U_SE

The surveillance intervals are defined as foliows:

- CH-ODCM-0001
- PAGE 9 OF 125

Table 1.2 - Frequency Notation

NOTATION TITLE FREQUENCY

s Shift At least once per 12 hours
D Daily At least once per 24 hours |
W Weekly At least once per 7 days

BW Biweekly At least once per 14 days
M Monthly At least once per 31 days
Q Quarterly At least once per 92 days
SA Semiannual At least once per 184 days
A Annually At least once per 366 days

~ Refueling At least once per 18 months

P .Prior to - Prior to each release '

1 Performance within 24 hrs.
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FORT CALHOUN STATION

OFF-SITE DOSE CALCULATION MANUAL REEERENQ_EJJ_S_E

CH-ODCM-0001
PAGE 10 OF 125

Table 1.3 - Radlolog:cal Effluent Controls Program Technical Specification Implementétion

Technical Specification ODCM lmplementing Step
| 5.16.1.a 211, 221
5.16.1.b 311

5.16.1.c Table 3.1, Table 3.2

5.16.1.d 312
516.1.e 3.1.2.8.1), 3.2.2.B.1)
516.1f 3.1.3.1), 3.2.4.1)
5.16.1. 321
5.16.1.h 322
5.16.1.i 3.2.3
5.16.1.] 3.3.1
5.16.2.2 4.1.1
5.16.2.b 4.2.1
5.16.2.c 431

517 5.3,5.2.1.D

5.18 521D
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2. INSTRUMENTATION-

2.1 Radioactive Liquid Effluent Instrumentation

21 1 Limiting Condition for Operation

A

The radioactive liquid effluent monltbrlng instrumentation channels

shown in Table 2.1.1 shall be OPERABLE with their alarm/trip setpoints

set to ensure that the limits of Specification 3.1.1 are not exceeded.
The alarm/trip setpoints of these channels shall be determined in

- accordance with Section Il of the Off-S|te Dose Calculatlon Manual

APPLICABILITY At aII tlmes
ACTION:

1)  With a radioactive liquid effluent monitoring instrumentation
channel alarm/trip setpoint less conservative than required by the
above specification, immediately suspend the releases of
radioactive liquid effluents monitored by the affected channel or
declare the channel inoperable.

2)  With less than the minimum number of radioactive liquid effluent’
monitoring instrumentation channels operable, take the action
shown in Table 2.1.1. Restore inoperable effluent monitoring
instrumentation to OPERABLE status within 30 days and, if
unsuccessful; explain in the next Annual Radiological Effluent
Release Report why this inoperability was not corrected in a timely
manner. The reporting requirement is limited to the following
instrumentation that monitors effluent streams: RM-055,

RM-054A, and RM-054B.

2.1.2 .Surveillance Requirements

A

Each radioactive liquid effluent monitoring instrumentation channel shall
be demonstrated OPERABLE by performance of the CHANNEL
CHECK, SOURCE CHECK, CALIBRATION, and CHANNEL
FUNCTIONAL TEST at the frequencies shown in Table 2.1.2.
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Table 2.1.1 - Radioactive Liquid Effluent Monitoring Instrumentation

MINIMUM

CHANNELS
INSTRUMENT OPERABLE ACTION
1. R'adioactivity Monitors Providing Alarm and Automatic
’ Termination of Release.
a. Liquid Radwaste Effluent Line (RM-055) | 1 1,5
b. Steam Generator Blowdown Effluent Line (RM-054 A and 17 | 2,5
B)
2. Flow Rate Measurement Devices
a. Liguid Radwaste Effluent Line 1 3
b. Steam Generator Blowddwn Effluent Line : 1 3
3. Radioactivity ﬁecorders
a. Liquid Radwaste Effluent Line 1 4
b.  Steam Generator Blowdown Effluent Line 1 4

1 If one of the two radiation monitors is inoperable, the activity of both blowdown lines shali
be monitored by the operable monitor within 2 hours of the declaration of inoperability by
the Shift Manager, or the action steps of ACTION 2, Table 2.1.1 should be performed on
the Steam Generator that is not being monitored.
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ACTION 1

ACTION 2

ACTION 3

ACTION 4

ACTION 5

Table 2:1.1 (continued)

TABLE NOTATION

With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases may continue provided
that prior to initiating a release:

1. Atleast two independent samples are analyzed in accordance with
applicable chemistry procedures.

2. At least two qualified individuals independently verify the release rate
calculations.

With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases may continue provided
that grab samples are analyzed for principal gamma emitters at a sensitivity of
5.0E-07 pCi/gram:

1. Atleast once per 12 hours when the specific activity of the secondary
coolant is greater than 0.01 pCi/gram dose equivalent |-131.

2. Atleast daily when the specific activity of the secondary coolant is less than
or equal to 0.01 uCi/gram equivalent 1-131. Otherwise, suspend release of
radioactive effluents via this pathway. '

With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases may continue provided
the flow rate is determined at least once per four hours during the actual
release.

With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases may continue provided
the radioactivity is recorded manually at least once per four hours during the
actual release.

During the performance of source checks the effluent radiation monitor is
unable to respond, hence is considered inoperable. Effluent releases may
continue uninterrupted during the performance of source checks provided the
operator is stationed at the monitor during the check. If the effluent radiation
monitor fails the source check, carryout the action(s) of the ODCM for the
inoperable monitor or terminate the effluent release.

R19



FORT CALHOUN STATION CH-ODCM-0001
OFF-SITE DOSE CALCULATION MANUAL REFERENCE USE PAGE 14 OF 125

Table 2.1.2 - Radioactive Liquid Effluent Monitoring Instrumentation Surveillance Requirements

- - CHANNEL
INSTRUMENT CHANNEL CHECK ' SOURCE CHECK
CALIBRATION | FUNCTION TEST :
1. Radioactivity Monitors Providing Alarm
and Automatic Isolation ‘
a. RM-054A/054B D’ R Q
b. RM-055 . R Q , P
2. Flowrate Monitors _

a. Steam Generator Blowdown D R Q - S -

1 Visual Flowcheck Daily
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2.2 Radioactive Gaseous Effluent Instrumentation

2.2.1  Limiting Condition for Operation

A

The radioactive gaseous effluent monitoring instrumentation channels
shown in Table 2.2.1 shall be. OPERABLE with their alarm/trip setpoints
set to ensure that the limits of Specification 3.2.1 are not exceeded.
The alarm/trip setpoints of these channels shall be determined in
accordance with Section Il of the Off-site Dose Calculation Manual.

APPLICABILITY: At all times
ACTION:

1)  With a radioactive gaseous effluent monitoring instrumentation
channel alarm/trip setpoint less conservative than required by the
above specification, immediately suspend the releases of
radioactive gaseous effluents monitored by the affected channel
or declare the channel inoperable.

2)  With less than the minimum number of radioactive gaseous
~effluent monitoring instrumentation channels operable, take the

action shown in Table 2.2.1. Restore inoperable effluent
monitoring instrumentation to OPERABLE status within 30 days
and, if unsuccessful, explain in the next Annual Radiological
Effluent Release Report why this inoperability was not corrected in
a timely manner. The reporting requirement is limited to the
following instrumentation that monitors effluent streams: RM-057,
RM-043, RM-062, RM-063, and RM-052.

2.2.2 Surveillance Requirements

A.

Each radioactive gaseous effluent monitoring instrumentation channel -
shall be demonstrated OPERABLE by performance of the CHANNEL
CHECK, SOURCE CHECK, CALIBRATION, and CHANNEL
FUNCTIONAL TEST at the frequencies shown in Table 2.2.2.
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Table 2.2.1 - Radioactive Gaseous Effluent Monitoring Instrumentation

INSTRUMENT

1.

Auxiliary Bldg. Exhaust Stack (RM-052, RM-062)

a. Noble Gas

b. lodine and Particulate

Laboratory and Radwaste Processing Building Stack (RM-043)

a. Noble Gas

b. lodine and Particulate

Condenser Off Gas (RM-057)

a. Noble Gas

Containment Purge Line (RM-050/51)

a. Noble Gas

b. lodine and Particulate

Containment Pressure Relief Line (RM-050/51)

a. Noble Gas

b. lodine and Particulate

Containment Penetrations M72 and M74 (Integrated Leak Rate
Test Depressurization Vent Path)

MINIMUM
CHANNELS
OPERABLE ACTION

CH-ODCM-0001
PAGE 16 OF 125

1

N/A

1,911
2,911

3,9
4,9

59

1,6, 9,
11,12

2,9 11,
12

1,9, 11
2,9, 11

10

R19



FORT CALHOUN STATION ' ‘CH-ODCM-0001
OFF-SITE DOSE CALCULATION MANUAL REFERENCE USE - PAGE 17 OF 125

Table 2.2.1 (continued)

MINIMUM
CHANNELS

INSTRUMENT o _ OPERABLE ACTION
7. Flow Rate Measurement Devices

a. Waste Gas Discharge Header 1 7

b. Auxiliary Building Stack - 1 7

C. Laboratory and Radwaste Processing Building Stack 1 7

d. Containment Purge Line 1 7

e. Containment Pressure Relief Line Annubar D/P 1 7
8. Radioactivity Chart Recorders -

a. ‘Auxiliary Building Exhaust Stack 1 8

R19



FORT CALHOUN STATION ‘ ‘ | CH-ODCM-0001
OFF-SITE DOSE CALCULATION MANUAL REFERENCE USE " PAGE 18 OF 125

ACTION 1

ACTION 2

ACTION 3

ACTION 4

ACTION 5

ACTION 6

ACTION 7

ACTION 8

Table 2.2.1 (continued)

TABLE NOTATION

If the Auxiliary Building Exhaust Stack Noble Gas Monitor is inoperable,
releases from the containment pressure relief line and the containment purge
line are to be secured in the most expeditious manner. Ventilation of the
auxiliary building via the Auxiliary Building Exhaust Stack may continue
provided grab samples are taken once per 12 hours. (See Table 3.2)

If the Auxiliary Building Exhaust Stack lodine and Particulate Sampler is
inoperable, ventilation of the Auxiliary Building and releases from the gaseous
waste discharge header, containment pressure relief line or the containment
purge line may continue through the Auxiliary Building Exhaust Stack provided
sample collection in accordance with Table 3.2 using auxiliary sample collection
equipment is initiated within 2 hours of the declaratlon of inoperability by the
Shift Manager.

If the Noble Gas Monitor is inoperébl'e, ventilation of the LRWPB may continue
via the LRWPB stack provided grab samples are taken at least once per
12 hours. (See Table 3.2)

If the lodine and Particulate Sampler is inoperable, ventilation of the LRWPB

- may continue via the LRWPB Stack provided sample collection using auxiliary

sample coliection equ1pment is initiated within 2 hours of the declaration of .
inoperability, by the Shift Manager, in accordance with Table 3.2.

During power operation, when the condenser air ejector is in service, the
condenser off gas discharge shall be monitored for gross radioactivity. If this
monitor is inoperable, grab samples are taken at least once per 12 hours. (See
Table 3.2) '

The release of airborne effluents from the Containment'purge line will be
secured if a noble gas monitor is unavailable to monitor the contalnment
building atmosphere.

With the number of channels OPERABLE less than required by the Minimum

- Channels OPERABLE requirement, effluent releases may continue provided

the flowrate is estimated or recorded manually at least once per four hours
during the actual release.

With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases may continue provided
the radioactivity level is recorded manually at least once per four hours during
the actual release. '
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Table 2.2.1 (continued)

TABLE NOTATION

ACTION 9  During the performance of source checks the effluent radiation monitor is
unable to respond, hence is considered inoperable. Effluent releases may
continue uninterrupted during the performance of source checks provided the
operator is stationed at the monitor during the check. If the effluent radiation
monitor fails the source check, carryout the Action(s) of the ODCM for the
inoperable monitor or terminate the effluent release.

ACTION 10 Automatic release termination capability is not required. provided manual
. isolation can be accomplished in accordance with the requirements of
SE-ST-ILRT-0001, Containment Integrated Leakage Rate Test (CILRT) or
SE-ST-CST-3001, Containment Structural Test (CST).

ACTION 11 During the ventilation of airborne efﬂue_nté from the Auxiliary Building Stack at
least one Auxiliary Building Exhaust fan shall be in operation.

ACTION 12 IF containment purges are made without processing through at least one of the
' Containment Air Cooling and Filtering Units, and it is confirmed that one half of
the annual dose objective listed in Section 3.2.2 will be exceeded during the
calender quarter, a special report shall be submitted to the NRC as defined in
Section 3.2.4. -
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Table 2.2.2 - Radioactive Gaseous Effluent Monitoring Instrumentation
' Surveillance Requirements :

_ _ CHANNEL
_ CHANNEL -FUNCTION | = SOURCE
INSTRUMENT : CHECK | CALIBRATION | ~ TEST CHECK

1. Radioactivity Monitors Providing
Alarm and Automatic Isolation

a. RM-043 M

b. RM-057 M

c. RM-062 M, P

d. RM-052 1 M, P’

o|o|o|o
2| ;| o o
ool

2. Flowrate Monitors

a. RM-043 Sampler

b. RM-062 Sampler

c. RM-052 Sampler

ol|lololo
© | =| ;| o
olololo

d. Auxiliary Bidg Exhaust Stack |

-e. Laboratory and Radwaste | ‘ | ——-
Process Bldg Exhaust Stack D R Q

Operations Check . Air Flow Calibration

3. Environmental Monitors

RM-023 - Sample Station #40 M - v A

RM-024 - Sample Station #41 M : ' A

RM-025 - Sample Station #28 — -

RM-026 - Sample Station #36 —— o —_—

-RM-027 - Sample Station #37 M ‘ A

RM-028 - Sample Station #38 — : —

RM-029 - Sample Station #39 o — e

Sla|~|o|la|o|T|®

RM-035 - Sample Station #1 — —

RM-036 - Sample Station #2 . M : A

RM-037 - Sample Station #3 ' — o . —_—

—

k. RM-038 - Sample Station #4 . M o A

1. RM-039 - Sample Station #5 S— : —-

m. RM-040 - Sample Station #32 | . M A

1 Required when RM-052 is sampling the Auxiliary Building Exhaust’ Stack.
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3. RADIOACTIVE EFFLUENTS

3.1 Radioactive Liquid Effluents
3.1.1  Concentration
A. Limiting Condition for Operation

1)  The release rate of radioactive material in liquid effluents shall be
controlled such that the instantaneous concentrations for
radionuclides, other than dissolved or entrained noble gases, do
not exceed the values specified in 10 CFR Part 20 for liquid
effluents at site discharge. To support plant operations,
Supervisor-System Chemistry may increase this limit up to the

.- limit specified in Technical Specifications 5.16.1.b. For dissolved
or entrained noble gases, the concentration shall be limited to
2.0E-04 pCi/ml, total activity.

2) Technical Specification 5.16.1.b establishes the administrative
- control limit on concentration of radioactive material, other than
dissolved or entrained noble gases, released in liquid effluents to
unrestricted areas conforming to ten times 10 CFR _
Part 20.1001-20.2401, Appendix B, Table 2, Column 2. For
- dissolved or entrained noble gases, the concentration shall be
limited to 2.0E-04 pCi/ml total activity.

APPLICABILITY: At all times
ACTION:
a) When the concentration of radioactive material released at site
discharge exceeds the above limits, appropriate corrective
- actions shall be taken immediately to restore concentrations
within the above limits.

B. Surveillance Requirements

1)  Radioactive liquid waste shall be sampled and analyzed according
to the sampling and analysis program-in Table 3.1.

2)  The results of the radioactivity analysis shall be used with the-
calculational methods in Part |l of the ODCM to assure that the
concentration at the point of release is maintained within the limits
of Technical Specification 5.16.1.b.
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3118

3) Records shall be maintained of the radioactive concentrations and
volume before dilution of each batch of liquid effluent released and
of the average dilution flow and length of time over which each
discharge occurred. Analytical results shall be submitted to the

- Commission in accordance with Part |, Section 5.
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Table 3.1 - Radioactive Liquid Effluent Sampling And Analysis

A. Monitor, Hotel Waste Tanks & Special Liquid, Releases

Sampling Frequency Type of Activity Analysis Lower Limit of Detection
(LLD) (nCi/ml)
Each Batch Principal Gamma Emitters ? 5.0E-07
Each Batch 1-131 1.0E-06
Dissolved Noble Gases
Each Batch (Gamma Emitters) 2 1.0E-05
Monthly Composite * | H-3 1.0E-05
Monthly Composite * | Gross Alpha 1.0E-07
Quarterly Composite * | Sr-89, Sr-90 5.0E-08
Quarterly Composite * | Fe-55 1.0E-06

B. Steam Generator Blowd

owhn

Sampling Frequency Type of Activity Analysis Lower Limit of Detection
- : ' . (LLD) (uCi/ml) *
Weekly Composite * Principal Gamma Emitters 2 5.0E-07
Weekly Composite * -131 3 1.0E-06
Dissolved Noble Gases
Weekly Composite * (Gamma Emitters) 2 1.0E-05
Monthly Composite * | H-3 1.0E-05
Monthly Composite * | Gross Alpha 1.0E-07
Quarterly Composite | Sr-89, Sr-90 5.0E-08
Quarterly Composite * | Fe-55 1.0E-06

NOTES:

1 LLD is defined in Part Il of the ODCM. . ,

2 The principal gamma emitters for which the LLD specification applies exclusively are the following
radionuclides: Kr-87, Kr-88, Xe-133, Xe-133m, Xe-135, and Xe-138 for dissolved or entrained gases
and Mn-54, Fe-59, Co-58, Co-60, Zn-65, M0-99, Cs-134, Cs-137, and Ce-141 for fission and
corrosion products. Ce-144 shall also be measured, but with a LLD of 5.0E-086.

A weekly grab sample and analyses program including gamma isotopic identification will be initiated
for the turbine building sump effluent when the steam generator blowdown water composite analysis
indicates the I-131 concentration is greater than 1.0E-06 nCi/ml.

To be representative of the average quantities and concentrations of radioactive matenals in liquid
effluents, samples should be collected in proportion to the rate of flow of the effluent stream. Prior to
analyses, all samples taken for the composite should be mixed in order for the composite sample to
be representative of the average effluent release.
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3.1.2 Dose from Radioactive Liquid Effluents

A.  Limiting Condition for Operation

1)  The dose or dose commitment to an individual in unrestricted
areas from radioactive materials in liquid effluents shall be limited
to the following:

a) During any calendar quarter Less than or equal to 1. 5 mrem to
the total body and 5 mrem to any organ; and

b) During any calendar year: Less than or equal to 3 mrem to the
total body and 10 mrem to any organ.

APPLICABILITY: At all times
ACTION:

a) If the dose contribution, due to the cumulative release of
radioactive materials in liquid effluents, exceeds the annual or
quarterly dose objectives, submit a Special Report to the NRC,
per Section 5.2.3, within 30 days.

B. Surveillance Requirements
1) Cumulative dose contributions from liquid effluents for the current |
calender quarter and the current calendar year shall be

determined in accordance with the methodology and parameters
in Part I of the ODCM at least once per quarter.
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3.1.3 Liquid Radwaste Treatment

A. Limitihg Condition for Operation

1)  The Liquid Radwaste Treatment System shall be OPERABLE,
and appropriate portions of these systems shall be used to reduce
releases of radioactivity when the projected doses due to the
liquid effluent, from each unit, to UNRESTRICTED AREAS would
exceed 0.06 mrem to the whole body or 0.2 mrem to any organ in’
a 31-day period. :

APPLICABILITY: At all times

ACTION:

a) With radioactive liquid waste being discharged without
treatment and in excess of the above limits and any portion of
the Liquid Radwaste Treatment System not in operation,
prepare and submit to the Nuclear Regulatory Commission
within 30 days, pursuant to 10 CFR 50, Appendix |, a Special
Report that includes the following information:

1) Explanation of why liquid radwaste was being discharged
without treatment, identification of equipment or
subsystem(s) not operable and reasons for inoperability.

2) Action(s) taken to restore the inoperable equment to
operable status.

3) Summary description of action(s) taken to prevent a
recurrence.

B. Surveillance Requirements
1)  Dose due to liquid releases shall be projected f'requentlly and at
least once per quarter, in accordance with the methodology and

parameters in Part ll of the ODCM, when Liquid Radwaste
Treatment Systems are not fully OPERABLE.

R19



FORT CALHOUN STATION

CH-ODCM-0001

OFF-SITE DOSE CALCULATION MANUAL REFERENCE USE PAGE 26 OF 125

3.1.3B

3.14

2)

CPER/-\BLE is defined as follows:

A filtration/ion exchange (FIX) system will be utilized for

- processing liquid radwaste. The system consists of a booster

pump, charcoal pretreatment filter, and pressure vessels
containing organic/inorganic resins, which can be configured for
optimum performance. The effluent from the FIX system is
directed to the monitor tanks for release. '

Waste filters (WD-17A and WD-17B) are used only on those
occasions when considered necessary, otherwise the flows from
the low activity fluids may bypass the filters. No credit for
decontamination factors (iodines, Cs, Rb, others) was taken for
these filters during the 10 CFR Part 50 Appendix | dose design
objective evaluation; therefore, the inoperability of these filters
does not affect the dose contributions to any individual in the'
unrestricted areas via liquid pathways. The inoperability of waste
filters will not be considered a reportable event in accordance with
the Action listed above.

Liquid Holdup Tanks

Tanks included in this Specification are those outdoor tanks that are not
surrounded by liners, dikes, or walls capable of holding the tanks contents

" and that do not have tank overflows and surrounding area drains connected

to the liquid radwaste treatment system.

A.  Limiting Condition for Operation

1)

The quantity of radioactive material contained in each unprotected
outdoor liquid holdup tank shall not exceed 10 curies, excluding
tritium and dissolved or entrained noble gases.

APPLICABILITY: Atall times
ACTION:

a) When the quantity of radioactive material in any unprotected
outdoor liquid holdup tank exceeds 10 curies, excluding tritium
and dissolved or entrained noble gasses, immediately suspend
all additions of radioactive material to the tank and within 48
hours reduce the tank contents to within the limit.
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3.14

1)

CH-ODCM-0001

B. Surveillance Requirements

The quantity of radioactive material contained in each outdoor
liquid holdup tank shall be determined to be within the above limit
by analyzing a representative sample of the tank’s contents at
least once per 7 days when radioactive material is being added to
the tank.

3.2 Radioactive Gaseous Effluents

3.2.1 Concentration

A. Limiting Condition for Operation

1)

2)

The release rate of radioactive material in airborne effluents shall
be controlled such that the instantaneous concentrations of
radionuclides does not exceed the values specified in 10 CFR
Part 20 for airborne effluents at the unrestricted area boundary.
To support plant operations, Supervisor-System Chemistry may
increase this limit up to the limits specified in Technical
Specification 5.16.1.g.

Technical Specification 5.16.1.g establishes the administrative
control limit on the concentration resulting from radioactive
material, other than noble gases, released in gaseous effluents to
unrestricted areas conforming to ten times 10 CFR

Part 20.1001-20.2401, Appendix B, Table 2, Column 1. For noble
gases, the concentration shall be limited to five times 10 CFR
Part 20.1001-20.2401, Appendix B, Table 2, Column 1.

APPLICABILITY: At all times
ACTION:

a) When the concentration of radioactive material released to
unrestricted areas exceeds the above limits, appropriate
corrective actions shall be taken immediately to restore
concentrations within the above limits.

B. Surveillance Requirements

)

Radioactive gaseous wastes shall be sampled and analyzed
according to the sampling and analysis program of Table 3.2. The
results of the radioactivity analysis shall be used to assure the
limits in 3.2.1.A are not exceeded.
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Table 3.2 - Radioactive Airborne Effluent Sampling And Analysis

. Gas Decay Tank Releases

Sampling Frequency

Type of Activity Analysis

Lower Limit of Detection
(LLD) (uCi/mi)’

Prior to each release

Principal Gamma Emitters 2

1.0E-04

. Containment Purge Releases or Containment Pressure Relief Line Releases °

Sampling Frequency

Type of ActiVity Analysis

Lower Limit of Detection
(LLD) (uCi/mi)1

Prior to each release

Principal Gamma Emitters 2

1.0E-04

Prior to each release

1.0E-06

H-3

. Condenser Off Gas Releases °

. . . Lower Limit of Detection
Sampling Frequency Type of Activity Analysis (LLD) (uCi/ml) "
Monthly * Tritium (H-3) 1.0E-06
Monthly Principal Gamma Emitters ? 1.0E-04

. Auxiliary Building Exhaust Stack °

- Sampling Frequency Type of Activity Analysis Low?lr_li_lljr;u(tu%‘i;)nc\a't)e1ctlon
Weekly

(Charcoal Sample) I-131 1.0E-12
Weekly '

(Particulate Sample) | Principal Gamma Emitters 2 1.0E-11

Weekly (Noble Gases) | Principal Gamma Emitters 1.0E4

Weekly Tritium (H-3) 1.0E-06
Monthly Composite * | Gross Alpha 1.0E-11
Quarterly Composite

(Particulate Samples) | Sr-89, Sr-90 1.0E-11
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E. Laboratory and Radwaste Building Exhaust Stack °

CH-ODCM-0001
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Sampling Frequency Type of Activity Analysis Low?[ll__g;u(tpcgi?r%eftlon
Weekly
(Charcoal Sample) -131 1.0E-12
Weekly :
(Particulate Sample) Principal Gamma Emitters 2 1.0E-11
Weekly :
(Noble Gases) Principal Gamma Emitters 2 1.0E-4
Monthly Composite * | Gross Alpha 1.0E-11
Quarterly Composite :
(Particulate Sample) Sr-89, Sr-90 1.0E-11

NOTES:

1 LLD is defined in'Part Il of the ODCM.

2 The principal gamma emitters for which the LLD specification applies exclusively are the following
radionuclides: Kr-87, Kr-88, Xe-133, Xe-133m, Xe-135, and Xe-138 for noble gas releases and
Mn-54, Fe-59, Co-58, Co-60, Zn-65, M0o-99, Cs-134, Cs-137, and Ce-141 for lodine and particulate

releases. Ce-144 shall also be measured, but with a LLD of 5.0E-06.

3 Required only when steam generator blowdown radioactivity for tritium (Table 3.1, ltem B) exceeds

3.0E-03 pCi/milliliter.

4 Frequency requirement may be satisfied using weekly gross alpha results from particulate sampling

media.

5 Particulate and lodine samples shall-be corrected for sampler deposition/transportation efficiency'by
using the approved software programs or by multiplying the activity obtained by the associated
sampler multiplication factor (See Table 3.3).
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Table 3.3 - Sampler Deposition/transportation Correction Factors

PARTICULATE IODINE _
SAMPLER SAMPLE DF ACTMULT' DF ACTMULT'
RM-062 AB 0.411 2433 - 0.669 1.495
RM-052 2 AB 0.638 1.567 0.653 1.631
RM-052 2 CONT 0.525 1.905 0.688 1.453
RM-051 CONT 0.624 1.603 0.714 1.401
RM-043 LRWPB 0.809 1.236 0.873 1.236
PORTABLE CONT | 1.000 1.000 0.950 1.053

ACRONYM DEFINITIONS:

AB - Auxiliary Building Exhaust Stack

CONT - Containment Building
LRWPB - Laboratory and Rad Waste Processing Building .
DF - Deposition Factor

ACTMULT - Activity multiplication factor to correct for sample loss.

1 ACTMULT factors are automatically determined using the appropnate analysis sequence file
for the sample type.
2 . Sampler can be used to monitor either the Contalnment or Auxiliary Building.
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3.2.2 Dose - Noble Gases

A. Limiting Condition for Operation

1)  The dose or dose commitment to an individual in unrestricted
areas from release of noble gases in airborne effluents shall be
limited to the following:

.a) During any calendar quarter: Less than or equal to 5 mrads for
gamma radiation and less than or equal to 10 mrads for beta
radiation; and

b) During any calen.dar year: Less than or equal to 10 mrads for
gamma radiation and less than or equal to 20 mrads for beta
radiation.

APPLICABILITY: At all times
ACTION:

a) If the dose contribution, due to the cumulative release of noble
gases in airborne effluents, exceeds the annual or quarterly
dose objectives, submit a Special Report to the NRC, per
Section 5.2.3, within 30 days. '

'B.  Surveillance Requirements
1)  The radiation dose contributions from radioactive noble gases in
airborne effluents shall be determined, in accordance with the

methodologies and parameters of Part Il of the ODCM, on a
quarterly basis. ‘ '
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3.2.3 ~ Dose - I-131, I 133 Tritium, and Radioactive Material in Particulate Form
with Half-Lives Greater than 8 Days (Other than Noble Gases)

A. Limiting Condition for Operatlon

1)

The dose to an individual or dose commitment to any organ of an
individual in unrestricted areas due to the release of 1-131, 1-133

| Tritium, and radioactive materials in particulate form with half-lives
. greater than eight days (excluding noble gases) in airborne

effluents shall be limited to the following:

a) During any calendar quarter Less than or equal to 7.5 mrem to
any organ; and

b) During any calendar year Less than or equal to 15 mrem to
any organ.

APPLICABILITY: Atk all times

- ACTION:

a) If the dose contribution, due to the cumulative release of 1-131,
1-133, Tritium, and radloactlve materials in particulate form with
half-lives greater than eight days, exceeds the annual or
quarterly dose objectives, submit a Special Report to the NRC
per Section 5.2.3, within 30 days.

B. Surveillance Requirements

1)

The radiation dose contributions from 1-131, Tritium, and
radioactive materials in particulate form with half-lives greater than
eight days (excluding noble gases) in airborne effluents shall be
determined, in accordance with the methodologies and
parameters of Part Il of the ODCM, on a quarterly basis. -
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324 Gaseous Radwaste Treatment

A. leltlng Condition for Operatlon

1)  In accordance with Technical specification 5.16.1.f, the Waste
Gas System and the Ventilation Exhaust Systems shall-be
OPERABLE, and appropriate portions of these systems shall be
used to reduce the releases of radioactivity when the projected
doses in 31 days due to gaseous effluent releases to areas at and
beyond the SITE BOUNDARY would exceed: '

a) 0.2 mrad to air from gamma radiation, or
b) 0.4 mrad to air from beta radiation, or
c) 0.3 mrem to any organ'of a MEMBER OF THE PUBLIC

 APPLICABILITY: At all times

ACTION:

a) With radioactive gaseous waste being discharged without -
treatment and in excess of the above limits, prepare and submit
- areport to the Nuclear Regulatory Commission within 30 days,
pursuant to 10 CFR 50, Appendix |, a special report that
' mcludes the following |nformat|on

1) ldentification of equipment or subsystem(s) not operable
and reasons for inoperability.

. 2). Action(s) taken to restore the inoperable equipment to
operable status.

3) Summary description of action(s) taken to prevent a
~ recurrence.

"~ B.  Surveillance Requirements
1)  Dose due to gaseous releases shall be projected frequently and at
least once per quarter, in accordance with the methodology and

parameters in Part Il of the ODCM, when Waste Gas Systems
and Ventilation Exhaust Systems are not fully OPERABLE..
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2) OPERABLE is defined as follows:
a) Waste Gas System

The waste airborne radioactive material at Fort Calhoun Station
is collected in the vent header where the gas compressors take
suction, compress the gas and deliver it to one of the four gas
decay tanks. The waste airborne radioactive material is treated
in these gas decay tanks by holding for radioactive decay prior
to final controlled release to the environs. In order to provide
conformance with the dose design objectives, gas decay tanks
are normally stored for approximately 30 days and thus achieve
decay of short half-life radioactive materials, e.g., 1-131,
Xe-133. Earlier release is allowed when a plant need exists
and analytical results are in accordance with ALARA release
objectives. [f the radioactive airborne wastes from the gas
decay tanks are discharged without processing in accordance

- with the above conditions, and it is confirmed that one half of
the annual dose objective will be exceeded during the calendar
quarter, a special report shall be submitted to the Commission
pursuant to Section 3.2.4A.

-b) Ventilation Exhaust SyStems

The radioactive effluents from the controlled access area of the
auxiliary building are filtered by the HEPA filters in the auxiliary
building ventilation system. If the radioactive effluents are
discharged without the HEPA filters, a special report shall be
submitted to the NRC as defined in Action a) above.

The discharge from the gas decay tanks is routed through
charcoal and HEPA filter unit VA-82. No credit was taken for
the operation of hydrogen purge filters during the 10 CFR

Part 50, Appendix | dose design evaluation and doses through
the airborne effluent pathways were well below the design
objectives. The unavailability of hydrogen purge filters will not
be considered a reportable event.

The containment air is processed through at least one of the
redundant containment HEPA and charcoal filters in the
Containment Air Cooling and Filtering Units prior to purging. If
the containment purges are made without processing through
one of the Containment Air Cooling and Filtering Units, and it is
confirmed that one half of the annual dose objective will be
exceeded during the calendar quarter, a special report shall be
submitted to the NRC as defined in Action a) above.
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3.3 Uranium Fue,l Cycle
- 3.3.1 Total Dose-Uranium Fuel Cyvcle

A. Limiting Condition for Operation

1) The dose to any real individual from uranium fuel cycle sources
shall be limited to < 25 mrem to the total body or any organ
(except the thyroid, which shall be limited to < 75 mrem) during
each calendar year.

APPLICABILITY: At all times
ACTION:

a) With the calculated dose from the release of radioactive
materials in liquid or gaseous effluents exceeding twice the
limits of Specifications 3.1.2.A, 3.2.2.A, or 3.2.3.A, calculations
shall be made including direct radiation contribution from the
plant and outside storage tanks to determine whether the
above limits have been exceeded. If such is the case, in lieu of
any other report required by Section 5.2, prepare and submit a
Special Report to the Commission pursuant to Technical
Specification 5.16 that defines the corrective action to be taken
to reduce subsequent releases to prevent recurrence of
exceeding the above limits and includes the schedule for
achieving conformance with the above limits. This Special
Report , as defined in 10 CFR Part 20.2203(a)(4) and
20.2203(b), shall include an analysis that estimates the
radiation exposure (dose) to a MEMBER OF THE PUBLIC from

- uranium fuel cycle sources, including all effluent pathways and
direct radiation, for the calender year that includes the
release(s) covered by this report. It shall also describe levels of
radiation and concentration of radioactive material involved,
and the cause of exposure levels or concentrations. If the
estimated dose(s) exceeds the above limits, and if the release
condition resulting in the violation of 40 CFR Part 190 has not
already been corrected, the Special Report shall include a
request for a variance in accordance with the provisions of 40
CFR Part 190. Submittal of the report is considered a timely
request, and a variance is granted until staff action on the
request is complete.
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B. Surveillance Requirements

- Cumulative dose contributions from liquid and gaseous effluents shall
be determined in accordance with Surveillance reqUirements 3.1.2.B,
3.2.2.B and 3.2.3.B and in accordance with the rne’thodology and
parameters in Part |l of the ODCM.

4. RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM (REMP)

4.1 Monitoring Program
411 Limiting Condition for Operation

. A.  The Radiological Environmental Monitoring Program shall be conducted
as specified in Table 4.1. ‘

APPLICABILITY: At all times
ACTION:

1) Analytical results of this program and deviations from the sampling
schedule shall be reported to the Nuclear Regulatory Commission
in the Annual Radlologlcal Environmental Operatmg Report
(Section 5.2).

2) If the level of radioactivity from calculated doses leads to a higher
exposure pathway to individuals, this pathway shall be added to
the Radiological Environmental Monitoring Program.
Modifications to the program shall be reported in the Annual
Radiological Environmental Operating Report to the Nuclear
Regulatory Commission.

3) If the level of radioactivity in an environmental sampling medium

exceeds the reporting level specified in Table 4.4, and the activity
~is attributable to plant operation; a Special Report shall be

prepared and submitted to the Nuclear Regulatory Commission
within 30 days (Section 5.2.3). The detection capabilities of the
equipment used for the analysis of environmental samples must
meet the requirements of Table 4.3 for Lower Level of Detection
(LLD). ‘
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4) If the level of radioactivity in a sample from either an onsite or
offsite weil, performed per the Site Groundwater Protection
Program, exceeds the reporting level specified in Table 4.4, and
the activity is attributable to plant operation, a Special Report shall
be prepared and submitted to the Nuclear Regulatory Commission
within 30 days (Section 5.2.3). The detection capabilities of the
equipment used for the analysis of environmental samples must

- meet the requirements of Table 4.3 for Lower Level of Detection
- (LLD). Copies. of the Special Report will be forwarded to .
State/Local authontles [AR 39127]

5) If the level of radioactivity from either an onsite or offsite well,
performed per the Site Groundwater Protection Program exceeds
the reporting level specified in Table 4.4, and the activity is
attributable to plant operations, state and local authorities shall be
notified by the end of the next business day. NRC shall be
notified per SO-R-1, Reportability Determinations. [AR 39127]

6) Radiological environmental sampling locations and the media that .
is utilized for analysis are presented in Table 4.2. Sampling
locations are also illustrated on the map, Figure 1. Details of the
emergency TLD locations are contained in surveillance test
CH-ST-RV-0009, Environmental Sample Collection - Emergency
Planning Zone Dosimeters.

7)  Deviations from the monitoring program, presented in this section

“and detailed in Table 4.2, are permitted if specimens are

~ unobtainable due to mitigating circumstances such as hazardous
conditions, seasonal unavailability, malfunction of equipment, or if
a person discontinues participation in the program, etc. If the
equipment malfunctions, corrective actions will be completed as

. soon as.practicable. If a person no longer supplies samples, a
replacement will be made if possible. All deviations from the
sampling schedule will be described in the Annual Radiological
Environmental Operating Report, pursuant to Section 5.2.

4.1.2 Surveillance Requirements

- The Radiological Environmental Monitoring Program (REMP) samples shall
be collected and analyzed in accordance with Tables 4.1 ,4.2, and 4.3.
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Exposure Pathway

between 5 miles and 18.75
miles (background)®.

and/or Sample Collection Site * : Type of Analysis 2 Frequency
1. Direct Radiation A. Fourteen TLD indicator stations, | Gamma dose Quarterly
‘ " one background station®, total
of i5.
B. - Aninner-ring of 16 stations, one. | Gamma dose during Site Replaced
in each cardinal sector in the -] Area and General Annually
general area of the unrestricted | Emergencies only. -
area boundary and within 2.5
miles.
C. An outer-ring of 16 stations, 1in | Gamma dose during Site Replaced
each cardinal sector located Area and General Annually
outside of the inner-ring, but no | Emergencies only.
more distant than approximately
5 miles. '
2. Air Monitoring A. Indicator Stations Filter for Gross Beta * Weekly
. 1. 3 stations in the general area | Charcoal for 1-131 Weekly
of the unrestricted area ‘ _
boundary Filter for Gamma Isotopic Quarterly
. o composite
2. City of Blair of weekly filters
3. Desoto Township
B. One background station ©
3. Water A. Missouri River at nearest Gamma Isotopic, H-3 Monthly
downstream drinking water composite for
intake. . Gamma Isotopic
S Analysis
B. Missouri River downstream near
" the mixing zone. Quarterly
L composite for H-3
C. Missouri River upstream of Analysis
Plant intake (background)®.
1| 4. Milk * A.  Nearest milk animal (cow or Gamma Isotopic and 1-131 Biweekly grazing
' goat) within 5 miles ' season
» (May to October)
Milk animal (cow or goat)
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Exposure Pathway
and/or Sample

Collection Site

- Table 4. 1 Radiological Envrronmental Monitoring Program

Type of Analysrs

Frequency

5. Fish

Four fish samples within vicinity
of Plant discharge.

One background sample
upstream of Plant discharge.

Gamma Isotopic

Once per'season
(May to October)

6. Sediment

One sample from downstream
area on the station side of the
Missouri River.

One sample from upstream of
Plant Intake (background)®.

Gamma Isotopic

Semiannually

7. Vegetables or
Food Products °

One sample in the highest
exposure pathway.

One sample from onsite crop
field

One sample outside of 5 miles
(background)®.

Gamma Isotopic

‘| Once per season

(May to October)

8. Groundwater

Three samples from sources
potentially affected by plant
operations.

One sample outside of 5 miles
(background)®.

Hs, Gross Beta, Gamma
Isotopic, Sr-90

Quarterly

NOTES:

1 See Table 4.3 for required detection limits.
2 The Lower Limit of Detection (LLD) for analysis is defi ned in the ODCM in accordance with the wording of

NUREG-1301.

3 When a gross beta count indicates radioactivity. greater than 1E-12 pCr/mI or1 pCr/m3 a gamma spectral

analysis will be performed.
4 If milk samples are temporarily not available at a sampling site due to mitigating circumstances, then vegetatlon

(broadleaf, pasture grass, etc.) shall be collected as an alternate sample at the site. If there are no milk
producers within the entire 5-mile radius of the plant, then vegetation shall be collected at the offsite location
having the highest calculated annual average ground level D/Q. (Reference ODCM Part 2, Table 4 “Highest
Potential Exposure Pathways for Estimating Dose”)

5 Samples should be collected from garden plots of 500 ft2 or more. (Reference Reg. Guide 4.8 "Environmental
Technical Specifications for Nuclear Power Plants,” Dec. 1975).

6 This sample may not be located in the least prevalent wind direction: The Branch Technical POSItIOﬂ paper,
Table 1, subnote "d" says this regarding background information, or control locations. "The purpose of this
sample is to obtain background information. If it is not practical to establish control locations in
accordance with the distance and wind direction crlterla other sites which. provide valid background
data may be substituted”.
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Table 4.2 - Radiological Environmental Sampling Locations And Media

Approximate Approximate Air Monitoring
Sample Approximate Collectién Distance Direction ' ' Sedi- _ | Vegetables Ground-
Station | /PP Sites from Center | (jegrees |Sector| , | TLD | Water | Milk | = | Fish | and Food water
No. SR - of from true , _ "Products
o Containment north) | Airborne  { Airborne :

- (miles) Particulate | lodine

Onsite Station,
110-meter weather . . o
1 - |tower 0.53 [ 293°/WNW P X

| Onsite Station,
adjacent to old plant . :
235 | access road 0.59 207°/SSW K X X | X

Offsite Station,

Intersection of Hwy. 75 '

and farm access road 0.94 145°/SE G ' : X
4 Blair OPPD office - 2..86 305°/NW Q X ‘ X X
5 - - -

Fort Calhoun, NE City :
6 Hall : -1 - 518 | 150°/SSE H X

Fence around intake
gate, Desoto Wildlife
7 Refuge - 2.07 102°/ESE F X

Onsite Station,
entrance to Plant Site

8 from Hwy. 75 0.55 191°/S J X
Onsite Station, NW of , : _ :

9 Plant . ' 0.68 305°/NW Q X
Onsite Station, WSW of , , ~ _ :

10 Plant - 0.61 242°WSW | - M ' X
Offsite Station, SE of .

11 Plant ' 1.07 39°/SE | G : X
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Table 4.2 - Radiological Environmental Sampling Locations And Media

] | A;?Dpirsgt);:wrg:te A;l)jp'roxit.mate Air Monitoring Vecetat
ample . i irection - egetables }
Station | APProximate Collection | from Center | (gegrees | Sector TLD | water | Mik | $59" | Fish | and Food | Srund
No. nes of .from true _ ‘ Products
Containment north) Airborne | Airborne
, (miles) Particulate | lodine’
Metropb!itan Utilities
Dist., Florence
Treatment Plant
12 North Omaha, NE +.14.3 154°/SSE H X
West bank Missouri
‘ River, downstream -
13 from Plant discharge 0.45 108°/ESE | F X X
‘ ‘ Upstream from Intake
14* | Bldg, west bank of river 0.09 4°/N “A X X
15 | Smith Farm 1.99 134°/SE G X
16
17
18’
19"
20* [Mohr Dairy 9.86 186°/S J X2 X X
21"
Fish Sampling Area, 0.08 .
22 Missouri River (R.M. 645.0) 8°/N A X
Fish Sampling Area, 17.9 o
23* | Missouri River (R.M. 666.0) 358°/N A X
24 ’ '
25
26"
27’
28 | Alvin Pechnik Farm 0.94 163°/SSE H X
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Table 4.2 - Radiological Environmental Sampling Locations And Media

} '| Argg:nrg:te Approximate Air Monitoring Vecetani
ample . . Directi . egetables
Statior, | APProximate Collection | from Center (degrees | Sector 11D | Water | Mitk | 529 | Fish | ‘and Food | Ground-
N Sites of ment water
0. / from true . . Products
Containment north) Airborne Airborne
(miles) Particulate | lodine
29"
30"
311 ,
324 Valley Substation #902 19.6 221°/1SW L X X X
33° |Bansen Farm 0.65 203°/SSW | K ' X2 X
34
35 Onsite Farm Field 0.52 118°/ESE F X
Offsite Station
Intersection :
36 Hwy 75/Co. Rd. P37 0.75 227°ISW L - X
Offsite Station Desoto 1 :
37° | Township 1.57 144°ISE G X X X
- 38" "
39’ ,
40° | Herber Acreage 0.65 163°/SSE | H | X X X A X
41° | Dowler Acreage 073 175°S J X X X
NOTES: :

(1) Location is either not in use or currently discontinued and is-documented in the table for reference only.

(2) When a milk sample is not available at a location, a broad leaf (pasture grass) vegetation sample will be collected at that location as a substitute.

(3) Locations represent highest potential exposure pathways as determined by the biennial Land Use Survey, performed in accordance with Part 1,
~Section 6.3.2, and are monitored as such. )

(4) Background location {control). All other locations are indicators.

(5) Location for monitoring Sector K High Exposure Pathway Resident Receptor for inhalation.

R19



FORT CALHOUN STATION ' CH-ODCM-0001
OFF-SITE DOSE CALCULATION MANUAL REFERENCE USE ‘ PAGE 43 OF 125

Figure 1 — Environmental Radiological Sampling Points
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Table 4.3 - Detection Capabilities For Environmental Sample Analysis Lower Limit of Detection (LLD) "?3
: Gross Co-58,
Sample Units Beta H-3 Mn-54 Fe-59 Co-60 Zn65 | Zr-95 Nb-95 -131 Cs-134 | Cs-137 | Ba-140
Water - pCi/L - 2.0E+03 | 1.5E+01 | 3.0E+01 | 1.5E+01 | 3.0E+01 | 1.5E+01 | 1.5E+01 | 1.0E+00* | 1.5E+01 1.8E+01 |"1.5E+01
pCilkg |
Fish - (wet) - -— 1.3E+02 | 2.6E+02 | 1.3E+02 | 2.6E+02 -—- - - 1.3E+02 | 1.5E+02 -
Milk pCi/L - - -— - - - -- - 1.0E+00 | 1.5E+01 [ 1.8E+01 | 1.5E+01
Airborne
_| Particulates or |
Gases pCi/m*® | 1.0E-02 - - - - -—- -—- - 7.0E-02 | 1.0E-02 | 1.0E-02 -
pCilkg
| Sediment (dry) - - - —-- -— - 1.5E+02 | 1.8E+02
Grass or Broad 5 5 5
.| Leaf Vegetation/
Vegetables or pCi/kg .
Food Products | “(wet) 6.0E+01| 6.0E+01 | 8.0E+01

1 This list does not mean that only these nuclides are to be considered. Other peaks that are identifiable as Plant effluents, together with those of the

. above nuclides, shall also be analyzed and reported in the Annual Radiological Environmental Operating Report pursuant to Part |, Section 5.2.

2 Required detection capabilities for thermoluminescent dosimeters used for enwronmental measurements shall be-in accordance with the
rrecommendations of Regulatory Guide 4.13.
3 The LLDis defined in Part Il of the ODCM.

4  LLD for drinking water samples. If no drinking water pathway exists, the LLD of gamma isotopic analysis may be used.
5 |-’131 analysis performed on broadleaf/pasture grass samples when milk is unavailable. Gamma isotopic analysis performed on food

products/vegetables.
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Table 4.4 - Reporting Levels for Radioactivity Concentrations in Environmental Samples !

“1-131

- Sample Units H-3 Mn-54 Fe-59 Co-58 | Co-60 Zn-65 Zr-95 Nb-95 . Cs-134 | Cs-137 | Ba-140
Water PCVL | 2 0E+04 | 1.0E+03 | 4.0E+02 | 1.0E+03 | 3.0E+02 | 3.0E+02 | 4.0E+02 | 4.0E+02 | 2.0E+00% | 3.0E+01 | 5.0E+01 | 2.0E+02
Fish pCilkg | ‘ B

(wet) - | 3.0E+04 | 1.0E+04 | 3.0E+04 | 1.0E+04 | 2.0E+04 | - 1.0E+03 | 2.0E+03 | -
Milk pCilL - — | 3.0E+00 | 6.0E+01 | 7.0E+01 | 3.0E+02
Airborne :
Particulates or | pCi/m® : :
Gases . 9.0E-01 | 1.0E+01 | 2.0E+01 |  —-
Grass or Broad
Leaf Vegetation/
Vegetables or pCirkg
Food Products (wet) | - - — - 1.0E+02 | 1.0E+03 | 2.0E+03

'1 A Non-routine report shall be submitted when more than one of the radlonuclldes listed above are detected in the sampling

medium and:

Concentration 3
Reporting Level 3 f

Concentration 2
Reporting Level 2 '

Concentration 1
Repomng Level 1

.2 1.0

When radionuclides other than those listed above are detected and are the result of Plant effluents, this report shall be
submitted. if the potential annual dose to a member of the general public is equal to or greater than the dose objectives of
Part |, Section 3.1 and 3.2. This report is not required if the measured level of radioactivity was not the result of Plant
. effluents; however, in such an event, the condition shall be reported and descrlbed in the Annual Radiological Envuronmental
Operating Report.
2 If no drinking water pathway exists, the LLD of gamma isotopic analysis may be used.
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4.2 Land Use Survey

" CH-ODCM-0001

4.2.1  Limiting Condition for Operation

A

A Land Use Survey shall identify the location of the nearest milk animal,
nearest meat animal, nearest vegetable garden, nearest groundwater
source and the nearest residence in each of the 16 cardinal sectors
within a distance of five miles. The survey shall be conducted under
the following conditions: .~

1)  Within a one-mile radius from the Plant site, enumeration by
door-to-door or equivalent counting techniques.

2)  Within a Five-mile radius, enumeration may be conducted
door-to-door or by using referenced information from county
agricultural agents or other reliable sources.:

APPLICABILITY: At all times

ACTION:

a)

b)

If it is learned from this survey that milk animals, vegetable
gardens and resident receptors are present at a location which
yields a calculated dose greater than 20% from previously
sampled location(s), the new location(s) shall be added to the
monitoring program. Milk and vegetable garden sampling
location(s) having the lowest calculated dose may then be

dropped from the monitoring program at the end of the grazing

and/or growing season during which the survey was conducted
and the new location added to the monitoring program.
Groundwater monitoring is based on a determination if
source(s) are potentially affected by plant operations.

‘Modifications to the air monitoring locations, vegetable garden

sampling locations, and milk sampling locations will be made as
soon as practicable. The Nuclear Regulatory Commission shall
be notified of modifications to the program in the Annual
Radiological Environmental Operating Report (Section 5.2).

If it is learned from this survéy that a pathway for dose to a
MEMBER OF THE GENERAL PUBLIC no longer exists, an
additional pathway has been identified or site specific factors

- affecting the dose calculations for a pathway have changed,
. then this information should be documented in the Land Use

Survey, the Annual Radiological Environmental Operating
Report and the Annual Radioactive Effluent Release Report.
This information can be used to increase the accuracy of the
dose models for the Annual Radioactive Effluent Release
Report as well as dose estimates performed during the
reporting period (i.e., quarterly dose estimates).
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4.2.2 Surveillance Requirements

A. Aland use survey shall be conducted once per 24 months between the
dates of June 1 and October 1. The results of the land use survey shall
be submitted to the Nuclear Regulatory Commission in the Annual
Radiological Environmental Operating Report (Section 5.2) for the year
it was performed. -

Interlaboratory Comparison Program '

4.3.1 Limiting Condltron for Operation

A. Analyses shall be performed on radioactive materials as part of an
Interlaboratory Comparison Program that has been approved by the
Nuclear Regulatory Commission.

APPLICABILITY: At all times
ACTION:

1)  With analysis not being performed as required above, report the
corrective actions taken to prevent a recurrence to the
~ Commission in the Annual Radiological Environmental Operating
Report (Section 5.2).

4.3.2‘ Surveillance Requirements

A. The results of these analyses shall be included in the Annual
'Radiological Environmental Operating Report (Section 5.2).

5. ADMINISTRATIVE CONTROLS

5.1

5.2

Responsibilities»

"~ 5.1.1  FCS Chemistry Department is responsible for the |mpIementat|on and

maintenance of the ODCM.

5.1.2 FCS Operations Depanment is responsible for the compliance with the
ODCM in the operation of Fort Calhoun Station.

Radioactive Effluent Reporting Requirements

The reporting requirements for radioactive effluents stated in this Section are to
provide assurance that the limits set forth in Section | are complied with. These
reports will meet the requirements for documentation of radioactive effluents
contained in 10 CFR Part 50.36a; Reg. Guide 1.21, Rev. 1; Reg Guide 4.8, Table 1;
and Reg. Guide 1.109, Rev. 1.
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5.2.1 Annual Radioactive Effluent Release Report’

A report covering the operation of the Fort Calhoun Station during the

_previous calendar year shall be submitted prior to May 1 of each year per the
Tequirements of Technical Specifications 5.9.4.a. and 10 CFR Part 50.

The Radioactive Effluent Release Report shall include:

A.

A summary of the quantities of radioactive I|qU|d and airborne effluents
and solid waste released from the plant as outlined in Regulatory
Guide 1.21, Revision 1.

A summary of the meteorological conditions concurrent with the release
of airborne effluents during each quarter as outlined in Regulatory
Guide 1.21, Revision 1.

An assessment of radiation doses from the radioactive liquid and
airborne effluents released from the unit during each calendar quarter
as outlined in Regulatory Guide 1.21, Revision 1. The assessment of
radiation doses shall be performed in accordance with calculational
methodology of the Regulatory Guide 1.109, Revision 1.

Changes to the Process Control Program (PCP) or to the Offsite Dose
Calculation Manual (ODCM) made during the reporting period. Each
change shall be identified by markings in the margin of the affected
pages clearly indicating the area of the page that was changed and
shall indicate the date the change was implemented.

A list and description of abnormal releases from the site to unrestricted
areas of radioactive materials in gaseous and liquid effluents made
during the reporting period.

An explanation of why instrumentation designated in the ODCM Part |,
Sections 2.1.1 and 2 2.1 was not restored to OPERABLE status WIthln
30 days.

) A descrlptlon of any major design changes or modifications made to the

Liquid and/or Gaseous Radwaste Treatment Systems or Ventilation
Exhaust Systems during the reporting period.

An explanation of why the quuid and/or gaseous radwaste treatment
systems were not OPERABLE, causing the limits of Specifications
3.1.3.A and 3.2.4.A to be exceeded.

The results of sampling from offsite and onsite groundwater wells per
the Site Groundwater Protection Plan. [AR 39127]
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5.2.2 Annual Radiological Environmental Operating Report

The Annual Radiological Environmental Operating Report for the previous
one year of operation shall be submitted prior to May 1 of each year. This
report contains the data gathered from the Radiological Environmental
Monitoring Program. The content of the report shall include:

A.

Summarized and tabulated results of the radiological environmental
sampling/analysis activities following the format of Regulatory
Guide 4.8, Table 1. In the event that some results are not available, the

- report shall be submitted noting and explaining the reasons for the

missing results. The missing data shall be submitted as soon as
possible in a supplementary report.

Interpretations and statistical evaluation of the results, including an
assessment of the observed impacts of the plant operation and
environment.

The results of participation in a NRC approved Interlaboratory

Comparison Program.

The results of land use survey required by Section 4.2

The results of specific activity analysis in which the primary coolant
exceeded the limits of Technical Specifi catlon 2.1.3. The following

information shall be included:

1)  Reactor poWer history starting 48 hours prior to the first sample in
which the limit was exceeded.

2) Results of the last isotopib analysis for radioiodine performed prior

to exceeding the limit, results of analysis while limit was exceeded
and results of one analysis after the radioiodine activity was
reduced to less than the limit. Each result should include date and
time of sampling and the radioiodine concentrations.

3)  Purification system flow history starting 48 hours prior to the first
sample in which the limit was exceeded.

4)  Graph of the 1-131 concentration and one other radioiodine
isotope concentration in micro-curies per gram as a function of
time for the duration of the specific activity above the steadystate
level, AND -

5)  The time duration when the specific activity of the primary coolant
exceeded the radioiodine limit.
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F. A map of the current environmental monitoring sample locations.
523 S‘pecial Report

If the limits or requirements of Sections 3.1.2A, 3.1.3A, 3.2.2A, 3.2.3A,

3.2.4A, 3.3.1A and/or 4.1.1A.3 and/or 4.1.1A.4) are exceeded, a Special

Report shall be issued to the Commission, pursuant to Technical

Specification 5.16. This report shall include: [AR 39127]

A. The results of an investigation to |dent|fy the causes for exceeding the
specification.

B. Define and initiate a program of action to reduce levels to within the
specification limits.

C. The report shall also include an evaluatlon of any release conditions,
environmental factors, or other aspects necessary to explain the
condition. ‘

52.4 EPA 40 CFR Part 190 Reporting Requirements

With the calculated dose from the release of radioactive materials in liquid or
gaseous effluents exceeding twice the limits of dose from Specifications
3.1.2.A, 3.2.2.A, or 3.2.3.A, calculations shall be made including direct
radiation calculations, to prepare and submit a special report to the
Commission within 30 days and limit the subsequent releases such that the
dose to any real individual from uranium fuel cycle sources is limited to

< 25 mrem to the total body or any organ (except thyroid, which is limited to
< 75 mrem) over the calendar year. This special report shall include an
analysis which demonstrates that radiation exposures to any member of the
public from uranium fuel cycle sources (including all effluent pathways and
direct radiation) are less than the 40 CFR Part 190 standard. Otherwise,
obtain a variance from the Commission to permit releases which exceed the
40 CFR Part 190 standard. The submittal of the report is to be considered a
timely request and a variance is granted pending the final action on the
variance request from the Commission.

5.3 Change Mechanism

The ODCM is the controlling document for all radioactive effluent releases. It is
defined as a procedure under the guidance of Technical Specification 5.8. It will be
revised and reviewed by the Plant Review Committee and approved by the Plant
Manager in accordance with Technical Specification 5.17. All changes to the ODCM
will be forwarded to the Nuclear Regulatory Commission during the next reporting
period for the Annual Radioactive Effluent Release Report in accordance with the
requirements of Technical Specification 5.17.
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5.4 Meteorological Data

5.5

The Annual Average y/Q is utilized to determine the concentrations of radicnuclides
at the unrestricted area boundary. it-is also the factor used in conjunction with the
parameters and methodologies in Part Il to determine unrestricted area dose on a
quarterly bases or as needed. It is based on an average of the highest calculated

" sector ¥/Q values, using all 16 sectors for each of the three previous year Annual

Radioactive Effluent Release Reports, and the XOQDOQ plume trajectory model. An
additional 10 percent will be added to the average for unrestricted area dose
estimates performed quarterly or as needed for conservatism. When calculating y/Q
data for the Annual Radiological Effluent Release Report, if the highest calculated
¥/Q for the reporting period is observed to be greater than +10% of the Annual
Average ¢/Q previously calculated, contact the Supervisor-System Chemistry for
further instructions. This model conforms wnth the Nuclear Regulatory Commlssmns
Regulatory Guide 1.111.

Real time meteorological data will be utilized in the preparation of the Annual
Radioactive Effluent Release Report. This data is used to calcuiate the joint
frequency table, the dispersion coefficients and deposition factors in all 16 sectors.
These are used in the calculation of doses to individuals in unrestricted areas as a
result of the operation of Fort Calhoun Station. The models used, GASPAR 2 and
LADTAP 2, meet the intent of Nuclear Regulatory Commissions Reg. Guide 1.109

~and 1.21 for the reporting of doses due to routine radioactive effluent releases.

References

Regulatory Guide 1.109, Rev. 1 - Calculation of Annual Dose to man from Routine
Releases of Reactor Effluents for the purpose of evaluation compliance with
10 CFR Part 50, Appendix |

Regulatory Guide 1.111, Rev. 1 - Methods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents in Routine Releases from Light-Water-Cooled
Reactors.

Regulatory Guide 1.113, Rev. 1 - Estimating Aquatié Dispersion of Effluents from
Accidental and Routine Releases for the purpose of Implementing Appendix .

Regulatory Guide 4.8, Environmental Technical Specification for Nuclear Power
Plants.

NRC Branch Technical Position, March 1978

NUREG-0133 - Preparation of Radiological Effluent Technical Specifications for -

Nuclear Power Plants.

NUREG-1301 - Offsite Dose Calculation Manual Guidance.

R19



FORT CALHOUN STATION . CH-ODCM-0001
OFF-SITE DOSE CALCULATION MANUAL REFERENCE USE PAGE 52 OF 125

Regulatory Guide 1.21, Rev. 1 - Measuring, Evaluating, and Reporting Radioactivity

in solid wastes and Releases of Radioactivity Materials in Liquid and Gaseous
Effluents from Light-Water-Cooled Nuclear Power Plants.

Code of Federal Regulations, Title 10, Part 20
Code of Federal Regulations, Title-10, Part 50
Code of Federal Regulations, Title 40, Part '1 90
| Fort Calhoun Revised Environmental Report (Uﬁit No. 1)-1972 .
Fort Calhoun Technical Specifications (Unit No. 1)
Updated Safety Analysis Report

AR 12357, Implement Recommendations of Memo FC-0133-92, Part 1, Table 2.2.1
Action 4

AR 39127, NEI Industry Initiative on Groundwater Protection
6. BASIS
6.1 Instrumentation
6.1.1 Radioactive Liquid Effluent Instrumentation

The Radioactive liquid effluent instrumentation is provided to monitor and
‘control, as applicable, the releases of radioactive material in liquid effluents
during actual or potential releases of liquid effluents. The Alarm/Trip
setpoints for these instruments shall be calculated in accordance with Part Il
of the Offsite Dose Calculation Manual (ODCM) to ensure that the alarm/trip
will occur prior to exceeding the limits of 10.CFR Part 20. The
OPERABILITY and use of this instrumentation is consistent with the
requirements of General Design Criteria 60, 63 and 64 of Appendix A to

10 CFR Part 50.
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6.1.2 Radioactive Gaseous Effluent Instrumenfation

The Radioactive gaseous effluent instrumentation is provided to menitor and
control, as applicable, the releases of radioactive material in gaseous
effluents during actual or potential releases of liquid effluents. The
Alarm/Trip setpoints for these instruments shall be calculated in accordance
with Part Il of the Offsite Dose Calculation Manual (ODCM) to ensure that
the alarm/trip will occur prior to exceeding the limits of 10 CFR Part 20. The
OPERABILITY and use of this instrumentation is consistent with the
requirements of General Design Criteria 60, 63 and 64 of Appendix A to

10 CFR Part 50. " : '

6.2 Radioactive Effluents

6.2.1

Radioactive Liquid Effluents

A. Concentration

This specification is provided to ensure that the concentration of
radioactive materials released in liquid waste effluents from the site to
unrestricted areas will be less than the concentration levels specified in
10 CFR Part 20, Appendix B, Table ll, Column 2. This limitation
provides additional assurance that the levels of radioactive materials in
bodies of water outside the site will result in exposures within (1) the
Section II.A design objectives of Appendix |, 10 CFR Part 50, and (2) the
limits of 10 CFR Part 20.1001-20.2401 to the population. The
concentration limit for dissolved or entrained noble gases is based upon
the assumption that Xe-133 is the controlling isotope and its effluent
concentration in air (submersion) was converted to an equivalent
concentration in water. :
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6.2.1
B. Dose

. This specification is provided to implement the requirements of
Sections ILA, IIl.A and IV.A of Appendix |, 10 CFR Part 50. The

Limiting Condition for Operation implements the guides set forth in
Section IL.A of Appendix |. The ACTION statements provide the
required operating flexibility and at the same time implement the guides
set forth in Section IV.A of Appendix | to assure that the releases of
radioactive material in liquid effluents will be kept “as low as is
reasonably achievable”. Also, with fresh water sites with drinking water
supplies which can be potentially affected by plant operations, there is
reasonable assurance that the operation of the facility will not result in
radionuclide concentrations in the finished drinking water that are in
excess of the requirements of 40 CFR Part 141. The dose calculation
methodology and parameters in Part |l of the ODCM implement the
requirements in Section Ill.A that conformance with the guides of
Appendix | is to be shown by calculational procedures based on models.
and data such that the actual exposure of an individual through
appropriate pathways is unlikely to be substantially underestimated.
The equations specified in Part Il of the ODCM for calculating the doses
due to the actual release rates of radioactive material in liquid effluents
are consistent with the methodology provided in Regulatory Guide
1.109, “Calculation of Annual Doses to Man from Routine Releases of
Reactor Effluents for the Purpose of Evaluating Compliance with 10

-.CFR Part 50, Appendix |,” Revision 1, October 1977, and Regulatory

Guide 1.113, “Estimating Aquatic Dispersion of Effluents from
Accidental and Routine Reactor Releases for the Purpose of
Implementing Appendix |,” Apnl 1977.

Liquid Waste Treatment System

The OPERABILITY of the liquid radwaste treatment system ensures
that this system will be available for use whenever liquid effluents

' require treatment prior to release to the environment. The requirement

that appropriate portions of this system be used when specified
provides assurance that the releases of radioactive materials in liquid
effluents will be kept “as low as is reasonably achievable”. This
specification implements the requirements of 10 CFR Part 50.36a,
General Design Criterion 60 of Appendix | to 10 CFR Part 50 and
design objective and in Section I1.D of Appendix A to 10 CFR Part 50.
The specified limits governing the use of appropriate portions of the
liquid radwaste treatment system were specified to ensure the design
objectives set forth in Section Il.A of Appendix |, 10 CFR Part 50 for
liquid effluents are not exceeded.
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6.2.1 |
D. Liquid Holdup Tanks

Restricting the quantity of radioactive material contained in the specified
tanks provides assurance that in the event of an uncontrolled release of
the tanks’ contents, the resulting concentrations would be less than the

limits of 10 CFR Part 20, Appendix B, Table I, Column 2, at the nearest

. potable water supply and the nearest surface water supply in an
" unrestricted area. : : ‘ .

6.2.2 Radioactive Gaseous Effluents

A

Concentration

This specification, in Conjunctidn with 3.2.2.A énd 3.2.3.A, is provided to .

ensure that the dose at or beyond the Site Boundary from gaseous
effluents will be within the annual dose limits of 10 CFR Part 20 for

'MEMBERS OF THE PUBLIC. The release rate of radioactive material

in airborne effluents shall be controlled such that the instantaneous
concentrations for these radionuclides do not exceed the values
specified in 10 CFR Part 20 for airborne effluents at the unrestricted .
area boundary. To support plant operations, Supervisor-System
Chemistry may increase this limit up to the limits specified in Technical
Specifications 5.16.1.g. Technical Specification 5.16.1.g. establishes
the administrative control limit on the concentration resulting from
radioactive material, other than noble gases, released in gaseous
effluents to unrestricted areas conforming to ten times 10 CFR

Part 20.1001-20.2401, Appendix B, Table 2, Column 1. For noble
gases, the concentration shall be limited to five times 10 CFR

Part 20.1001-20.2401, Appendix B, Table 2, Column 1. Because these
concentrations are applied on an instantaneous basis and because of
the overriding 10 CFR Part 50 Appendix | cumulative dose limitations,
these limits provide reasonable assurance that radioactive material
discharged in gaseous effluents will not result in the exposure of a
MEMBER OF THE PUBLIC either within or outside the Site Boundary,
to annual average concentrations that would result in exceeding the
annual total effective dose equivalent limit specified in 10 CFR

Part 20.1301(a).
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6.2.2
B. Dose - Noble Gases

This specification is provided to implement the requirements of

Sections I1.B, 1ll.A and IV.A of Appendix |, 10 CFR Part 50. The Limiting
Condition For Operation implements the guides set forth in Section 11.B
of Appendix I. The ACTION statements provide the required operating
flexibility and at the same time implement the guides set forth in
Section IV.A of Appendix | assure that the releases of radioactive
material in gaseous effluents will be kept as low as is reasonably
achievable. The surveillance requirements implement the requirements
in Section 1ll.A of Appendix | that conform with the guides of Appendix |
to be shown by calculational procedures based on models and data
such that the actual exposure of an individual through the appropriate
pathways is unlikely to be substantially underestimated. The dose
calculation methodology and parameters established in Part Il of the
ODCM for calculating the doses due to actual release rates of
radioactive noble gases in gaseous effluents are consistent with the
methodology provided in Regulatory Guide 1.109, Calculation of
Annual Doses to Man from Routine Releases of Reactor Effluents for
the Purpose of Evaluating Compliance with 10 CFR Part 50, Appendix
I, Revision 1, October 1977 and Regulatory Guide 1.111, Methods for
Estimating Atmospheric Transport and Dispersion of Gaseous Effluents
in Routine Releases from Light-Water-Cooled Reactors, Revision 1,
July 1977. The ODCM equations provided for determining the air
doses at the site boundary are consistent with Regulatory Guides 1.109
and 1.111.
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6.2.2 ' -
C. Dose -1-131, Radioactive Material in Particulate Form with Half-Lives

Greater than Eight Days (Other than Noble Gases) and Tritium

This specification is provided to implement the requirements of
Sections {1.C, IIl.A and IV.A of Appendix |, 10 CFR Part 50. The Limiting
Condition For Operation implements the guides set forth in Section I1.C
of Appendix I. The ACTION statements provide the required operating
flexibility and at the same time implement the guides set forthin
Section IV.A of Appendix | assure that the releases of radioactive
material in gaseous effluents will be kept as low as is reasonably
achievable. The surveillance requirements implement the requirements
in Section Ill.A of Appendix | that conform with the guides of Appendix |
to be shown by calculational procedures based on models and data
such that the actual exposure of an individual through the appropriate
pathways is unlikely to be substantially underestimated. The dose
calculation methodology and parameters established in Part Il of the
ODCM for calculating the doses due to actual release rates of
radioactive noble gases in gaseous effluents are consistent with the
methodology provided in Regulatory Guide 1.109, Calculation of
Annual Doses to Man from Routine Releases of Reactor Effluents for
the Purpose of Evaluating Compliance with 10 CFR Part 50, Appendix
I, Revision 1, October 1977 and Regulatory Guide 1.111, Methods for
Estimating Atmospheric Transport and Dispersion of Gaseous Effluents
in Routine Releases from Light-Water-Cooled Reactors, Revision 1,
July 1977. The release rate specification for I-131, radioactive material
in particulate form with half lives greater than eight days (other than
noble gases) and tritium are dependant on the existing radionuclide
pathways to man in the areas at or beyond the site boundary. The
pathways that were examined in the development of these calculations
were: 1) individual inhalation of airborne radionuclides, 2) deposition of
radionuclides onto green leafy vegetation with subsequent consumption
by man, 3) deposition onto grassy areas where milk animals and meat
producing animals graze with consumption of the milk and meat by

- man, and 4) deposition on the ground with subsequent exposure of

man.
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6.2.2
D.

Gaseous Waste Treatment

The OPERABILITY of the gaseous radwaste treatment system and the
ventilation exhaust treatment systems ensures that the systems will be
available for use whenever gaseous effluents require treatment prior to
release to the environment. The requirement that appropriate portions
of this system be used when specified provides assurance that the
releases of radioactive materials in gaseous effluents will be kept as
low as is reasonably achievable. This specification implements the
requirements of 10 CFR Part 50.36a, General Design Criterion 60 of
Appendix | to 10 CFR Part 50 and design objective and in Section 11.D
of Appendix A to 10 CFR Part 50. The specified limits governing the
use of appropriate portions of the systems were specified to ensure the
design objectives set forth in Section I1.B and [I.C of Appendix I,

10 CFR Part 50 for gaseous effluents are not exceeded.
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6.2.2 |

Total Dose - Uranium Fuel Cycle

This specification is provided to meet the dose limitations of 40 CFR
Part 190 that have been incorporated into 10 CFR Part 20.1301(d).
This requires the preparation and submittal of a Special Report
whenever the calculated doses due to releases of radioactivity and to
radiation from uranium fuel cycle sources exceed 25 mRems to the total
body or any organ, except the thyroid, which shall be limited to less
than or equal to 75 mRems. It is highly uniikely that the resultant dose
to a MEMBER OF THE PUBLIC will exceed the dose limits of 40 CFR
Part 190 if the plant remains within twice the dose design objectives of
Appendix |, 10 CFR Part 50, and if direct radiation doses

('including outside storage tanks, etc.) are kept small. The Special
Report shall describe a course of action that should result in the
limitation of the annual dose to a MEMBER OF THE PUBLIC to within
the 40 CFR Part 190 limits. For purposes of the Special Report, it may
be assumed that the dose commitment to the MEMBER OF THE
PUBLIC from other uranium fuel cycle sources is negligible, with the
exception that dose contributions from other nuclear fuel cycle facilities
at the same site or within a radius of 8 km must be considered. If the
dose to any MEMBER OF THE PUBLIC is estimated to exceed the
requirements of 40 CFR Part 190, the Special Report, with a request for
a variance (provided the release conditions resulting in violation of 40
CFR Part 190 have not already been corrected), in accordance with the
provisions of 40 CFR Part 190.11 and 10 CFR Part 20.2203(a)(4) and
20.2203(b) is considered to be a timely request and fulfills the
requirements 40 CFR Part 190 until NRC staff action is completed. The
variance only relates to the limits of 40 CFR Part 190, and does not
apply in any way to the other requirements for dose limitation of 10 CFR
Part 20. An individual is not considered a MEMBER OF THE PUBLIC
during any period in which he/she is engaged in carrying out any
operation that is part of the nuclear fuel cycle. Demonstration of
compliance with the limits of 40 CFR Part 190 or with the design
objectives of Appendix | to 10 CFR Part 50 will be considered to
demonstrate compliance with the 0.1 rem limit of 10 CFR Part 20.1301.

R19



FORT CALHOUN STATION ' CH-ODCM-0001
OFF-SITE DOSE CALCULATION MANUAL REEERENCE USE PAGE 60 OF 125

6.3 Radiological Environmental Monitoring

6.3.1

6.3.2

Monitoring Program

The radiological environmental monitoring program required by this
specification provides measurements of radiation and radioactive materials in
those exposure pathways and for radionuclides which lead to the highest
potential radiation exposures of individuals resulting from the station
operation. This monitoring program thereby supplements the radiological
effluent monitoring program by verifying that the measurable concentrations
of radioactive materials and levels of radiation are not higher than expected
on the basis of the effluent measurements and modeling of the
environmental exposure pathways. The initially specified monitoring
program was effective for at least the first three years of commercial
operation. Following this period, program changes are initiated based on
operational experience.

Land Use Survey

This speciﬁcétion is provided to ensure that changes in the use of
unrestricted areas are identified and that modifications to the monitoring

program are made if required by the results of this survey. The best survey

information from door to door, aerial or consulting with local agricultural
authorities, or equivalent, shall be used. This survey satisfies the
requirements of Section IV.B.3 of Appendix | to 10 CFR Part 50. Restricting
the survey to gardens of greater than 500 square feet provides assurance
that significant exposure pathways via leafy vegetables will be identified and
monitored since a garden of this size is the minimum required to produce the
quantity (26 kg/year) of leafy vegetables assumed in Regulatory Guide 1.109
for consumption by a child. To determine this minimum garden size, the
following assumptions were used, 1) that 20% of the garden was used for
growing broad leaf vegetation (i.e., similar to lettuce and cabbage), and 2) a
vegetation yield of 2 kg/m?.

For milk, the survey is restricted to only milk animals (cow or goat) producing
milk for human consumption. Air monitoring stations are strategically located
to monitor the resident receptors who could potentially receive the highest
doses from airborne radioactive material. For groundwater, samples shall be
taken when sources are determined to potentially be affected by plant
operations, and when sources are tapped for drinking or irrigation purposes
in areas where the hydraulic gradient or recharge properties are suitable for
contamination. Guidance provided in the Branch Technical Position and
Technical Specification 5.16.2 is used to meet the intent of NUREG-1301.
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6.3.3 Interiaboratory Comparison Program -

The requirement for participation in an Interlaboratory Comparison Program
is provided to ensure that independent checks on the precision and accuracy
of the measurements of radioactive material in environmental sample
matrices are performed as part of a quality assurance program for
environmental monitoring in order to demonstrate that the results are
reasonably valid for the purposes of Section IV.B.2 of Appendix | to 10 CFR
Part 50.
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1.  EFFLUENT MONITOR SETPOINTS

1.1

Liquid Effluents

There are two liquid discharge pathways to the Missouri River. These pathways
originate with the radioactive liquid waste processing system (monitor or hotel tanks)
and the steam generator blowdown system. Both of these pathways empty into the
circulating water system which discharges to the Missouri River (see Figure 1).
Figure 2 depicts the liquid discharge pathways and associated radiation monitors.
Figure 3 depicts the methods of liquid effluent treatment.

The flowrate for dilution water varies with the number of circulating water pumps in
service, the number of raw water pumps in service, and with the operation of the
warm water recirculation. Some warm water from the condenser outlet is diverted
from the circulating water discharge to upstream of the intake structure to help
prevent ice from forming on the circulating water pump intakes during winter months. -
The varying dilution flowrate and utilization of warm water recirculation is accounted
for in the dilution calculations for monitor tank and stream generation releases.

Technical Specification 5.16.1.b establishes the administrative control limit on
concentration of radioactive material, other than dissolved or entrained noble gases,
released in liquid effluents to unrestricted areas conforming to ten times 10 CFR
Part 20.1001-20.2401, Appendix B, Table 2, Column 2. For dissolved or entrained
noble gases, the concentration shall be limited to 2.0 E-04 uCi/ml total activity.

The liquid effluent monitoring instrumentation ALERT setpoints shall be established
low enough to ensure that the concentration of radioactive material released in liquid
effluents at site discharge will be less than the concentratlons specifi ed in 10 CFR
Part 20, Appendix B, Table 2, Column 2.

The liquid effluent monitoring instrumentation HIGH ALARM setpoints shall be
established low enough to ensure that the concentration of radioactive material
released in liquid effluents at site discharge will be less than 10 times the
concentrations specified in 10 CFR Part 20, Appendix B, Table 2, Column 2.

Cs-137 is used to calibrate the liquid effluent monitors.
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NOTE: If the annual average y/Q value exceeds 1.4E-04 sec/m?,
consideration should be given to basing liquid radiation monitor setpoints on
an I-131 instantaneous limit of 2.0E-09 uCi/ml at the unrestricted area
boundary with 10% vapor/liquid separation. Contact the Supervisor-System
Chemistry for further instructions.

Liquid Effluent Radiation Monitors

A.

Steam Generator Blowdown Monitors (RM-054A and B)

These process radiation detectors monitor the flow through the steam
generator blowdown lines and automatically close the biowdown
isolation valves if the monitor high alarm setpoint is reached. The
monitor controls liquid effluent releases so that 10 times the 10 CFR
Part 20 limit at the unrestricted area boundary of 1.0E-06 uCi/cc, is not
exceeded at the site discharge.

The following calculations for maximum concentration and alarm
setpoints are valid for simultaneous radioactive liquid releases of steam
generator blowdown and monitor tank discharge.

The maximum allowable concentration in the blowdown line is
calculated as follows:

- (LOE - 05 uCi/ml) (F)
Coux = f

Where:

1.0E-05 pCi/ml

Ten times 10 CFR Part 20 Limit for unidentified
radionuclides at site discharge (10 CFR Part 20,
~ Appendix B, Note 2).

_F = Total dilution flow in the discharge tunnel (gpm).

(Normal flow is based on 1 circulating water pump at
- 120,000 gpm. Other flowrates may be used, as
required.)

f - = Blowdown flow rate (gpm). (Normal blowdown flow
- rate is based on 2 transfer pumps with a design flow
~of 135 gpm each, 270 gpm total. Other flow rates

may be used, as required.)

Cmax = Maximum allowable blowdown concentration (nCi/ml).
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NOTE: Setpoints may be recalculated based on adjusted dilution flow
and adjusted blowdown flow.

The High Alarm Setpoint (CPM):

Setpoint = 0.75 [((K,) (S,) (Cuax ) + 8]

Where:

0.75 = An administrative correctlon factor which includes the
following:
15% tolerance to ensure radmonitor résponse in accordance
with License Event Report 77- 17 Docket Number 050-0285
and Telecon FC-472-77.
10% tolerance to account for the difference in detector
sensitivity for the range of isotopes detected.

St = Detector sensitivity factor (CPM/uCi/ml). (Sensmwty based
on Cs- 137)

K4 = Allocation factor for Individual Steam Generator Release
(See Table 1)

B = Background (CPM)

Cmax = Maximum allowable blowdown line activity (uCi/ml).

The Alert Setpoint will be chosen less than or equal to one tenth (1/10)
the value of the high alarm setpoint value so that significant increases
in activity will be identified prior to exceeding an Unrestricted Area
fractional sum of 1.0. It will also provide additional time for corrective
actions prior to exceeding the Alarm Setpoint.

B. Overboard Discharge Header Monitor (RM-055)

This process radiation monitor provides control of the waste monitor
tank effluent by monitoring the overboard header prior to its discharge
into the circulating water discharge tunnel. The concentration of activity
at discharge is controlled below ten times the 10 CFR Part 20 limit of
1.0E-06 nCi/ml at site discharge for unidentified isotopes by the high
alarm setpoint which closes the overboard flow control valve.
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The following calculations for maximum concentration and alarm
setpoints are valid for simultaneous radioactive liquid releases of
monitor tank discharge and steam generator blowdown.

The maximum allowable concentration in the overboard discharge
header is:

(L0E - 05 uCi / ml) (F)
CM/IX = f

Where:

1.0E-05 uCi/ml= Ten times 10 CFR Part 20 Limit for unidentified
radionuclides at site discharge (10 CFR Part 20,
" Appendix B, Note 2).

F = Total dilution flow in the discharge tunnel (gpm).
(Normal flow is based on 1 circulating water pump at
120,000 gpm. Other flowrates such as raw water
pump(s) may be used, as required.)

f = Maximum monitor tank discharge flow rate (gpm).
(Normal monitor tank maximum flow is 50 gpm.
Other flow rates such as raw water pump(s) may be
used, as required.)

Cmax = Maximum allowable activity in dlscharge header
(uC|/m|)
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1.1.1.B
‘ The High Alarm Setpoint (CPM):

Setpoint = 075 [((KS) s, (CMAX-)) s B]

Where:

0.75 - = An administrative correction factor which includes thé
following:
15% tolerance to ensure radmonitor VIAS response in
accordance with License Event Report 77-17, Docket
Number 050-0285 and Telecon FC-472-77.
10% tolerance to account for the difference in detector
sensitivity for the range of isotopes detected.

Ss = Detector sensitivity factor (CPM/uCi/ml). (Sensitivity based

~ on Cs-137).

Ks = Allocation factor for Waste Liquid Releases (See Table 1)

Cwax = Maximum allowable concentration in discharge header
(nCi/ml).

B = Background (CPM)

The Alert Setpoint will be chosen less than or equal to one tenth (1/10)
the value of the high alarm setpoint value so that significant increases

in activity will be identified prior to exceeding an Unrestricted Area
fractional sum of 1.0. It will also provide additional time for corrective
actions prior to exceeding the Alarm Setpoint.
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1.2 Airborne Effluents

There are three air effluent discharge pathways at the Fort Calhoun Station:
Condenser Offgas, Laboratory and Radioactive Waste Processing Building Exhaust
Stack, and the Auxiliary Building Exhaust Stack. An airborne radioactive waste flow
diagram with the applicable, associated radiation monitoring instrumentation and
controls is presented as Figure 4. The airborne waste disposal system is presented
in Figure 5. ‘

e Auxiliary Building - The Auxiliary Building Exhaust Stack receives discharges
from the waste gas decay tanks, containment purge, containment vent systems
and the auxiliary building ventilation system. Radiation Monitor RM-062 provides
noble gas monitoring and iodine and particulate sampling for the Auxiliary 4
Building Exhaust Stack. Backup noble gas monitoring and iodine and particulate -
sampling is provided by RM-052. Ventilation Isolation Actuation Signal (VIAS) is
actuated by exceeding a monitor's alarm setpoint. Actuation of VIAS will isolate
releases from containment and waste gas decay tanks. The Auxiliary Building
Exhaust fans will remain in-operation.

 Laboratory and Radioactive Waste Processing Building (LRWPB) - Noble gas
monitoring and particulate and iodine sampling is provided by RM-043. This
radiation monitor/sampler does not serve a control function.

"o Condenser Off-Gas Monitors - Noble gas activity is monitored by RM-057. The
‘condenser off-gas is discharged directly to the environment. Exceeding the high
alarm setpoint on RM-057 will activate isolation of main steam to the Auxiliary
Steam System.

Technical Specification 5.16.1.g. establishes the administrative control limit on the
concentration resulting from radioactive material, other than noble gases, released in
gaseous effluents to unrestricted areas conforming to ten times 10 CFR

"Part 20.1001-20.2401, Appendix B, Table 2, Column 1. For noble gases, the
concentration shall be limited to five times 10 CFR Part 20.1001-20.2401,

Appendix B, Table 2, Column 1.

The airborne effluent monitoring instrumentation ALERT setpoints shall be
established low enough to ensure that the concentration of radioactive material
released in air effluents at site discharge will be less than the concentrations
specified in 10 CFR Part 20, Appendix B, Table 2, Column 1.

"The airborne effluent monitoring instrumentation HIGH ALARM setpoints shall be
established low enough to ensure that the concentration of radioactive material
released in air effluents at site discharge will be less than 5 times the concentrations
specified in 10 CFR Part 20, Appendix B, Table 2, Column 1.
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1.2.1 Airborne Effluent Radiation Monitors

A.

Aucxiliary Building Exhaust Stack Noble Gas Activity Monitor
(RM-062/RM-052)

Either of these monitors may be used to measure the noble gas activity
in the exhaust stack. The noble gas is monitored after passing through
a particulate filter, and charcoal cartridge. The monitor controls
airborne releases so that five times the 10 CFR Part 20 limit at the
unrestricted area boundary of 5.0E-07 uCi/cc, based upon Xe-133, is
not exceeded. The Ventilation Isolation Actuation Signal is initiated
when the high alarm setpoint is reached.

. The following calculations for maximum release rate and alarm setpoint

are valid for simultaneous airborne releases from Auxiliary Building
Exhaust Stack, Condenser Off-gas and the LRWPB Exhaust Stack.

The maximum allowable release rate for stack airborne activity is
calculated as follows:

25E - 06 uCi/cc
¥/ Osec/ m’

RMA); yCi/sec=( j 1.0E + 06 cc/m’

Where:

2.5E-06 pCi/cc = 5 times the 10 CFR Part 20 Limif at the unrestricted

area boundary (based upon Xe-133).

HQ sec/m® = Annual average dispersion factor at the unrestricted
' area boundary from ODCM Part Il Table 4

1.0E+06 cc/m® = Constant of unit conversion.
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The High Alarm Setpoint (CPM):

Setpoint=0.75

Rz ) (S)) (60))
K‘( (F,) (28317) +B}

Where:

0.75 = An administrative correction factor which includes the
following:

15% tolerance to ensure radmonitor VIAS response in
accordance with License Event Report 77-17, Docket
Number 050-0285 and Telecon FC-472-77.

10% tolerance to allow for the contribution of noble gases
other than Xe-133 towards the total ECL fraction sum.

Ss = Detector sensitivity factor (CPM/uCi/cc). (Sensitivity based
on Xe-133)

K4 = Allocation factor for Auxiliéry Buiiding Exhaust Stack (See
Table 1)

60 = Conversion (seconds to minutes).

28317 = Conversion factor (ft® to cc).

Fy = Auxiliary Building Exhaust stack flow rate (SCFM). (Default
maximum flow rate is 122,500 cfm for 3 Auxiliary Building
exhaust fans and 2 containment purge fans in operation.
Other flow rates may be used, as required.)

Rmax = ' Maximum Allowable
Release Rate in uCi/sec

B = Background (CPM)

The Alert Setpoint will be chosen less than or equal to one fifth (1/5)
the value of the high alarm setpoint value so that significant increases in
activity will be identified, prior to exceeding an Unrestricted Area
fractional sum of 1.0. It will also provide additional time for corrective
actions prior to exceeding the Alarm Setpoint and VIAS actuation.
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Condenser Off Gas Monitor (RM-057) -

This monitor is located in the turbine building and monitors the
condenser off-gas. The purpose of this monitor is to monitor

the condenser off-gas discharges so that five times the 10 CFR Part 20
limit at the unrestricted area boundary of 5.0E-07 uCi/cc, based upon
Xe-133, is not exceeded.

The following calculations for maximum release rate and alarm setpoint |

are valid for simultaneous airborne releases from condenser off-gas,
Auxiliary Building Exhaust Stack, and the LRWPB Exhaust Stack.

The maximum allowable release rate for condenser air ejector monitor
is as follows: .

25E - 06 uCi/cc
X/ QOsec/ m’

R,,,, pCilsec :[ j LOE + 06 cc / m’

Where:

2.5E-06 pCilcc = 5 times the 10 CFR Part 20 Limit at the unrestricted
area boundary (based upon Xe-133).

x/Q sec/m’= Annual average dispersion factor at the unrestricted -
area boundary from ODCM Part ll, Table 4

1.0E+06 cc/m® = Constant of unit conversion.
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The High Alarm Setpoint (CPM):

| R,..)(S,)(60))
SemOMt:OJS{KzU:M”)(f)( j-+3}

(F,) (28317)

Where:

0.75 ~ = An administrative correction factor which includes the
following:

" 15% tolerance to ensure radmonitor VIAS response in

accordance with License Event Report 77-17, Docket
Number 050-0285 and Telecon FC-472-77.
10% tolerance to allow for the contribution of noble
gases other than Xe-133 towards the total ECL fraction
sum.

St = Detector sensitivity factor (CPM/uCi/cc). (Sensitivity
based on Xe-133) ‘

Kz = Alldcation factor for Condenser Off Gas (See Table 1)

60 = Conversion (seconds to minutes).

28317 = Conversion factor (ft2 to cc).

Fv = Vent stack flow rate (SCFM). Default maximum flow
rate is 4,755 scfm (3 vacuum pumps in hogging mode.
Other flow rates may be used, as required.)

Rmax = Maximum Allowable Release Rate in uCi/sec.

B = Background (CPM)

The Alert Setpoint will be chosen less than or equal to one fifth (1/5)
the value of the high alarm setpoint value so that significant increases
in activity will be identified, prior to exceeding an Unrestricted Area
fractional sum of 1.0. It will also provide additional time for corrective
actions prior to exceeding the Alarm Setpoint and tripping of the
auxiliary steam supply valve, RCV-978.
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: C. Laboratory and Radioactive Waste Processing Building Exhaust Stack

Noble Gas Activity Monitor and lodine and Particulate Sampler
(RM-043)

RM-043 is located in the Radwaste Building and samples the LRWPB
Exhaust Stack. The monitor alarm setpoint is based on five times the
10 CFR Part 20 limit for Xe-133 at the unrestricted area boundary.

The following calculations for maximum release rate and alarm setpoint
are valid for simultaneous airborne releases from condenser off-gas,
Auxiliary Building Exhaust Stack, and the LRWPB Exhaust Stack.
25E-06 uCi/cc
¥/ Osec/ m’

Ryix ,uCi/sec:( j 1.0E + 06 cc/m’

The maximum allowable release rate for RM-043 is as follows:
Where:

2.5E-06 uCi/cc = 5 times the 10 CFR Part 20 Limit at the unrestrlcted
area boundary (based upon Xe-133).

1/Q - = Annual average dispersion factor at the unrestricted
area boundary from the ODCM Part ll, Table 4

1.0E+06 cc/m® = Constant of unit conversion
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1.2.1C NOTE: This monitor alarms in the Control Room. There are no

automatic control functions associated with the actuation of the alarm.

The High Alarm Setpoint (CPM):

S.) (60 '
(Ryux) (S, ( >) . B}

VSetpomt = 0.7§ [Ks( (F,) (28317)

Where:

0.75 = An administrative correction factor which includes the
following:
15% tolerance to ensure rédmonitor VIAS response in
accordance with License Event Report 77-17, Docket
Number 050-0285 and Telecon FC-472-77.
10% tolerance to allow for the contribution of noble
gases other than Xe-133 towards the total ECL fraction
sum. ' '

St = Detector sensitivity factor (CPM/uCi/cc). (Sensitivity

- based on Xe-133)

Ks = Allocation factor for LRWPB Exhaust Stack (See
Table 1)

60 . = Conversion (seconds to'minute‘s).

28317 = Conversion factor (ft® to cc).

Fv ~. = LRWPB Exhaust stack flow rate (SCFM). (Default flow

' rate is 28,700 cfm. Other flow rates may be used if

required.)

Ruax = Maximum Allowable Re.lea‘se Rate in pCi/sec.

B = Background (CPM)

The Alert Setpoint will be chosen less than or equal to one fifth (1/5)
the value of the high alarm setpoint value so that significant increases
in activity will be identified, prior to exceeding an Unrestricted Area

- fractional sum of 1.0. It will also provide additional time for corrective
‘actions prior to exceeding the Alarm Setpoint.
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Table 1 - Allocation Factors for'Simultaneous, Releases

NOTE: The Fort Calhoun Station is capable of performing simultaneous airborne releases.. The
factors below may be adjusted to meet release requirements, provided that the sum of the
Unrestricted Area Fraction Sum for-all airborne releases remains less than or equal to 1.0.

'_A. Allocation Factors for Simultaneous Airborne Releases

1.. Auxiliary Building Exhaust Stack , Total: 0.80
K Noble Gases (RM-062 or RM-052) - | 0.70
lodine/Particulate/Tritium : - , 0.10
Contributing Pathways: '
a) Auxiliary Building s ’ ' 0.10
b) Containment Building , | 065
_ c) Wast'ev Gas Decay Tanks | | 0.05 _
2. Condenser/Off Gas - - Total: 0.10
K, ‘Noble Gases .(RM-057) S o 0.05
Tritium | o 0.05
Contributing Patﬁways: | |
a) Co_ndenéer Off Gas L ; 0:10 _
3. Labdratory and Radioactive Wasfe Building Exhaust Stack Total: 0.10
Ka Noble Gases (RM-043) _' 0.05

lodine/Particulate ' A 0.05
Contributing Pathways: '

a) Laboratory and Radioactive Waste Building - o
Exhaust Stack - 0.10 -

Airbdrne Release Total ~1.00

NOTE: The Fort Calhoun Station is capable of performing simultaneous liquid releases. The factors
below may be adjusted to meet release requirements provided that the sum of the Unrestricted Area
Fraction Sum for all liquid releases remains less than or equal to 1.0.

B. Allocation Factors for Simultaneous Liquid Releases

1. Ka Steam Generator Releases (RM-054A/054B) Total: 0.30
' Contributing Pathways: - A , .
a) Alpha Steam Generator (RM-054A) ‘ - 015
b) Bravo Steam Generator (RM-054B) ‘ 0.15
2. Ks Waste Liquid Releases  (RM-055) 0.70
Liquid Release Total } ' ¢ B 1.00
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Figure 1 - Exclusion and Site Boundary Map

N

-— --

/
~
/
!
i
\
\

(1) LIQUID EFFLUENTS DISCHARGE
(2) AIRBORNE EFFLUENTS DISCHARGE

0 12 1

SCALE IN MILES

EXCLUSION AND SITE BOUNDARY MAP

49:::,)
3
A IOWA .
.
1 _
' UNRESTICTED/f\
%, AREA BOUNDARY .
t%; . \
. % AN
i+ NEBRASKA 2 » RESTRICTED N
f;:? AREA N
ISFSI QP (1)
VAR .
ML'@ \\ '
TOWER h CA FORT
X f , CALHOUN
: 2 UNIT #1
X . 1
1
1 [/”\ \\\\
~
] ! \\\\ |\
>~ ]
TO CONTROLLED NV N
BLAIR = AREA < 3113‘%4(1;1\1. N
~ ~ A
N OSGSF TRAINING i ‘\
% CENTER .
: =
] t

R19



FORT CALHOUN STATION

OFF-SITE DOSE CALCULATION MANUAL REFERENCE USE

Figure 2 - Liquid Radioactive Discharge Pathways

CH-ODCM-0001
PAGE 77 OF 125

HOTEL S/G S/G RAW
TANKS A B WATER
BLOWDOWN BLOWDOWN I
MONITOR. 15 25
TANKS q G
—
el
)
OUTFALL -
CIRCULATING
WATER
WARM WATER RECIRCULATION A A
RIVER ﬂ RIVER

(1) RM—054A
(2) RM—054B
(3 RM-055

LIQUID RADIOACTIVE DISCHARGE PATHWAYS

R19



FORT CALHOUN STATION CH-ODCM-0001
OFF-SITE DOSE CALCULATION MANUAL REFERENCE USE : PAGE 78 OF 125

Figure 3 - Liquid Radioactive Waste Disposal System
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Figure 4 - Airborne Effluent Discharge Pathways
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Figure 5 - Airborne Radioactive Waste Disposal System
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2. EFFLUENT CONCENTRATIONS

21

Liquid Effluent Concentrations

The concentration of radioactive material in liquid effluents (after dilution in the
Circulating Water System) will be limited to the concentrations as specified in 10 CFR
Part 20, Appendix B, Table 2, Column 2. For batch releases (Monitor and Hotel
Waste Tanks and Steam Generators) and for continuous releases (Steam Generator
Blowdown), the analyses will be performed in accordance with Part |, Table 3.1, and
the concentration of each radionuclide at site discharge will be calculated, based on
the following equation: - ‘

_ a.
4 oG]
F+f
n A

d — <1
an ; wec,.

Radionuclide concentration at site discharge:

Where:

A = concentration at site discharge for radionuclide (1, in pCi/ml.

a = coﬁcentration of radionuclide (1) in the undiluted effluent, in
uCi/ml.

f | = undiluted effluent flowrate, in gpm.

F = total diluted effluent flowrate in gpm.

WEC; = water effluent concentration limit for radionuclide (I) per

10 CFR Part 20, Appendix B, Table 2, Column 2.
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2.2

NOTE: In addition to the above defined method, Notes 1 through 4 of 10 CFR

~Part 20, Appendix B, will also be applicable.

Airborne Effluent Concentrations

The concentration at the unrestricted area boundary, due to airborne effluent

- releases, will be limited to less than Appendix B, Table 2, Column 1, values.

Radiation monitor alarm setpoints are established to ensure that these release limits
are not exceeded. In the event an airborne effluent release from the station result in
an alarm setpoint being exceeded, an evaluation of the unrestricted area boundary
concentratlon resulting from the release will be performed: ’

To determine the concentration and air effluent concentration (aec) fraction
summation at the unrestricted area boundary, the following equations will be used:

4,=K, 0 (110)
_ ECL
Where
A Concentration of radionuclide () at the unrestrlcted area boundary

Ko = Constant of unit conversion. (1.0E-6 m /cc)

ECL; Effluent concentration limit (10 CFR Part 20, Appendlx B, Table 2,
Column 1 value for radionuclide(l))
Qi = The release rate of radionuclide (l) in airborne effluents from all .
vent releases (in nCi/sec.)
= Annual Average Dispersion Factor at the Unrestricted Area

- Q)
- Boundary from ODCM Part Il, Table 4

As appropriate, simultaneous releases from the Auxiliary Building Ventilation Stack,
Laboratory and Radwaste Building Stack and condenser off gas will be considered in
evaluating compliance with the release rate limits of 10 CFR Part 20. Monitor
indications (readings) may be averaged over a time period not to exceed 15 minutes

- when determining noble gas release rate based on correlation of the monitor reading -

and monitor sensitivity. Historical annual average dispersion parameters, as

- presented in Table 4, may be used for evaluating the airborne effluent dose rate.

‘For administrative purposes, more conservative alarm setpoints than those as

prescribed above may be imposed. However, conditions exceeding those more
limiting alarm setpoints do not necessarily indicate radioactive material release rates
exceeding 10 CFR Part 20 limits. Provided actual releases do not result in radiation
monitor indications exceeding alarm setpoint values based upon the above criteria,
no further analyses are required for demonstrating compliance with 10 CFR Part 20.
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3. RADIOACTIVE EFFLUENT DOSE CALCULATIONS

3.1

Liquid Effluent Dose Calculations

Three pathways for human exposure to liquid releases from FCS to the Missouri
River exists: 1) fish, 2) drinking water, and 3) Shoreline deposition. Fish are
considered to be taken from the vicinity of the plant discharge. The drinking water for
Omaha'is located 19 miles downstream from FCS. The dilution factors for these
pathways are derived from the Revised Environmental Report for FCS, (1974), (page
4-29 and 4-31). This report states that during Low-Low river conditions, the
concentration at Omaha's water intake will be <14% of the concentration at discharge
from FCS and will average 3%. This equates to a dilution factor of 7.14, which is
used to calculate the maximum dose to an individual from liquid pathways and a
dilution factor of 33.33, for calculating the average dose. All pathways combine to
give the dose to an individual in unrestricted areas. _

10 CFR Part 50, Appendix | restricts the dose to individuals in the unrestricted areas
from radioactive materials in liquid effluents from the Fort Calhoun Station to the
following limits: : .

e during any calendar quarter
<1.5 mrem to total body
<5.0 mrem to any organ

and

e during any calend‘ar.year
< 3.0 mrem to total body

< 10.0 mrem to any organ

The foIIowmg calculational methods shall be used for determlnlng the dose or dose
commltment from liquid effluents. :
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3.1.1 Doses from Liquid Effluent Pathways

A. Potable Water

R, = - 1100 2222 Z 0D, exp(-At,)
Where
Rap; = .is the total annual dose to organ(j) of individuals of age group
(a) from all of the radionuclides (l) in pathway (p), in mrem/yr.
_ Uap = is a usage factor that specifies the intake rate for an individual
of age group (a) associated with pathway (p) in &/yr.
(Table 6)
Mp is the mixing ratio (reciprdcal of the diluﬁon factor) at the point
' of withdrawal of drinking water, dimensionless. (Table 17)
F is the flow fate of the liquid effluent, in ft¥ sec.
Q is fhe annual release rate of radionuclide (1), in Ci/yr.
Da.ipj = isthe dosé factor specific to a given age grou’pA(a),
: radionuclide (1), pathway (p), and organ (j) which can be used
to calculate the radiation dose from an intake of a
radionuclide, in mrem/pCi. (Tables 13-16)
| Ai is the radiological decay constant of radionuclide (1), in hr '
tp is the average transit time required for radionuclides to reach
the point of exposure. For internal dose, t; is the total time
elapsed between release of the radionuclides and ingestion of
water, in hours (Table 17)
1100

Constant (pCi * yr * ft*/Ci * sec * L)
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3.1.1 :
B. Aquatic Foods
UM, & |
R = 1100 Z / /p a/p] eXp( p)
Where
Rapj = s the total annual dose to organ (j) of individuals of age group
' (a) from all of the radionuclides (l) in pathway (p), in mrem/yr.
Ua, = is a usage factor that specifies the intake rate for an individual
of age group (a) associated with pathway (p), in kg/yr.
‘(Table 6) o .
M, = is the mixing ratio (reciprocal of the dilution féctor) at the point
~of harvest of aquatic food, dimensionless. (Table 17)
F = isthe flow rate of the liquid effluent, in ft’/sec.
Qi © = isthe annual release rate of radionuclide (1), in Cifyr.
B, = is the equilibrium bioaccumulation factor for radionuclide (1) in
pathway (p) expressed as the ratio of the concentration in biota
(in pCi/kg) to the radionuclide concentration in water (in
pCilliter), in (pCi/kg)/(pCilliter). (Table 3)
Daipy = is the dose factor specific to a given age group (a),
radionuclide (1), pathway (p), and organ (j), which can be used
to calculate the radiation dose from an intake of a radionuclide, .
in mrem/pCi. (Tables 13-16)
X = isthe radiological decay constant of radionuclide (1), in hr.
tg = is the average transit time required for radionuclides to reach

the point of exposure. For internal dose, t; is the total time
elapsed between release of the radionuclides and ingestion of
food, in hours. (Table 17)

1100 = Constant (pCi * yr * ft}/Ci * sec * L)
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3.1.1 | |
cC. - Shoreline Deposits ,
Uap |
R,, = 110,000 —2—"— Z QT, D,y [exp(-4t,)] [1- exp (- 4t,)]
i= 1
Where:
Rapj = is the total annual dose to organ. (j) of individuals of age
" group (a) from all of the radionuclides (1) |n pathway (p), in
mrem/yr.
Uap = is a usage factor that specifies the exposure time for an
individual of age group (a) associated with pathway (p), i
hr/yr. (Table 6)
M, = is the mixing ratio (reciprocal'of the dilution factor) at the
- point of exposure, dimensionless. (Table 17)
W = is the shore-width factor, dimensionless. (Table 17)
F = is the flow rate of the liquid effluent, in ft’/sec.
Qi = is the annual release rate of radionuclide (1), in Ci/yr.
Tip = is the radioactive half life of radionuclide (1, in days.
Daipj = is the dose factor specific radionuclide (I) which can be
used to calculate the radiation dose from exposure to a
given concentration of a radionuclide in sediment,
expressed as a ratio of the dose rate (in mrem/hr) and the
real radionuclide concentration (in pCi/m?). (Table 8)
Ai = is the radiological décay constant of radionuclide (1), in hr™.
to = is the average transit time required for radionuclides to
reach the point of exposure, in hours. (Table 17)
to = is the period of time for which sediment or soil is exposedto
the contaminated water, in hours. (Table 17)
110,000 =

Constant [(100 * pCi * yr * f2)/(Ci * sec * L)]
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3.2 Airborne Effluent Dose Calculations
321 Noble Gas

10 CFR Part 50, Appendix |, restricts the dose to individuals in the
unrestricted areas from noble gases in airborne efﬂuents from the Fort
Calhoun Station to the foIIowmg limits:

e . During any calendar quarter ‘
<5 mrad-gamma air dose
<10 mrad-beta air dose .

and

e During any calendar year
<10 mrad-gamma air dose
<20 mrad-beta air dose

The following general equations shall be used to calculate the gamma-air
and beta-air doses

A. Doses frbm Noble Gases

1) . AnhualiGammla/Beta Air Dose from Ali Other Noble Gas Releases

D’ (rH) or Dﬂ(re)_ 3.17 x 104 Z Q [;(/Q] (re) (DF! or DF?)

i=1
Where:

are the gamma and beta air dose factors for a
uniform semi-infinite cloud of radionuclide M,
in mrad-m*/pCi-yr. (Table 2)

“are the annual gamma and beta air doses at
_distance r, in the sector at angle o, from the

- discharge point, in mrad/yr.

DF, DF?

'Dv(r,e)‘ or DB(r;G)

Qi o = is the annual release rate of radionuclide ),
' in Cilyr.
[x/Q]?(r,,e) = is the annual average gaseous dispersion

factor at distance r, in the sector at angle o, in
sec/m’. (Table 4) -

is the number of pCi per Ci divided by the
number of seconds per year.

: 3.17x104
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3.2.1A

2) Annual Total Body Dose from All Other Noble Gas Releases

DI ro)=S, Y X(r.0DFB,
f i i

i=1

Where:

DFB; = is the total body dose factor for a semi-infinite cloud of
the radionuclide (1), which includes the attenuation of
5 glem? of tissue, in mrem-m>/pCi-yr. (Table 2)

DL (r,0) = is the annual total body dose due to immersion in a
semi-infinite cloud at distance r, in the sector at angle 6,
in mrem/yr.

v(r,0) = is the annual average ground-level concentration of
radionuclide (l) at distance r, in the sector at angle 6, in
pCi/m>. (Table 4) ’ |

S¢ = Shielding Factor (Table 17)

3) Annual Skin Dose from All Other Noble Gas Releases

DI (r.6)=111S, ). X,(n)DF/ + ). X, (r.6)DFS,
i= 1

i=1

Where:

DY(r,0) = is the annual skin dose due to immersion in a
semi-infinite cloud at distance r, in the sector at angle 6,
in mrem/yr.

DFS; = is the beta skin dose factor for a semiinfinite cloud of
radionuclide (1), in mrem-m>/pCi-yr. (Table 2)

1.11 = is the average ratio of tissue to air energy absorption

coefficients.
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3.2.2 Radioiodine, Tritium, and Particulates

10 CFR Part 50, Appendix |, restricts the dose to individuals in the _
unrestricted areas from.radioactive materials in gaseous airborne from the
Fort Calhoun Station to:

e During any calendar quarter
<7.5 mrem to any organ

and

e During any calendar year
<15 mrem to any organ

The dose to an individual from radioiodines, radioactive materials in
particulate form, and radionuclides other than noble gases with half-lives
greater than 8 days in airborne effluents released to unrestricted areas
should be determined by the following expressions:

Radioiodine, Tritium, and Particulates (continued) 4

NOTE: In all cases, for releases of tritium, use the dispersion
parameter for inhalation (y/Q).

A. Annual Organ Dose from External Irradiation from Radioactivity
Deposited on the Ground Plane :

The ground plane concentration of radionuclide (1) at distance r, in the
sector at angle 0, with respect to the release point, may be determlned

by:
[1.0x10™][6, (,6)Q;]

CP (r,0) = o [1-exp(-At,)]

i

Where:

c$ = is the ground plane concentration of the radionuclide (i) at
drstance r, in the sector at angle 0, from the release point,
in pCi/m?.

Q; = is the annual release rate of radionuclide (I) to the
atmosphere, in Ci/yr.

to '~ = is the time period over which the accumulation is

- evaluated, which is assumed to be 15 years (mid-point of

plant operating life). (Table 17)

&i(r,0) = is the annual average relative deposition of radionuclide (I)
at distance r, in the sector at angle 6, conS|denng depletion
of the plume by deposition during transport in m*. Table 4

A = is the radlologlcal decay constant for radionuclide (l) in

. yr _
1.0x10" = is the number of pCi/Ci
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3.2.2A The annual organ dose is then calculated using the following equation:

D (r,6) = 8760 S, 210,-(" (n.0)DFG;

Where:

C%r.0)

DFG;

D%r,0)

Sf =

8760

is the ground plane concentratlon of radlonucllde (i) at
distance r, in the sector at angle 6, in pCi/m?.

is the open field ground plane dose conversion factor for |
organ (j) from radionuclide (i), in mrem-m?/pCi-hr. (Table 8)

is the annual dose to the orgah (j) at distance r, in the sector
at angle 6, in mrem/yr.

is the shielding factor that accounts for the dose reduction
due to shielding provided by residential structures during

-occupancy, dimensionless. (Table 17)

is the number of hours in a year

B.  Annual Dose from Inhalation of Radionuclides in Air

The annual average airborne concentration of radionuclide (i) at
distance r, in the sector at angle 0, with respect to the release point, may
be determined as:

X, ()= 317 x 10* Q [x/ Q" (1,0)

‘Where:

Q

n(rﬁ)

[v/QI° (r.0)

3:17x10*

= is the annual release rate of'radionuclide (i) to the
atmosphere, in Cilyr.

~ = is the annual average ground-level concentration of

radionuclide (i) in air at distance r, in the sector at angle
8, in pCi/m>. |

= is the annual average atmosphere dispersion factor, in
sec/m’ (see Reg Guide 1.111). This includes depletion
(for radioiodines and particulates) and radiological decay
of the plume. (Table 4)

= is the number of pCi/Ci divided by the n_umber of seclyr.
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3.2.2B

The annual dose associated with inhalation of all radionuclides to organ
() of an individual in age group (a), is then:

P (hO=R, Zx (r,6) DFA

i=1

Where:
D’?a(r,e) = is the annual dose to organ (j) of an individual in the ége
group (a) at distance r, in the sector at angle 0, due to
~inhalation, in mrem/yr.
Ra = is the annual air intake for individuals in the age group (a), in
m3/yr. (Table 6)
DFAja = is the inhalation dose factor for radionuclide (i), organ (j),

and age group (a), in mrem/pCi. (Tables 9-12)

3.2.3 Concentrations of Radlonuclldes in Foods and Vegetation from Atmospherlc
Releases »

A. P'arémeters‘ for Calculating Concentrations in Foragé, Produce, and
Leafy Vegetables, excluding Tritium

r[1 - exp(-24t,)] R B, [1- exp(- 4t,)

cY (r,0) = d (r, 9) Y i - Pi exp(-At,)
Where: - -
CY(r,O) = is thé conc':entratioh of radionuclide (i) in and on vegetation |
at distance r, in the sector at angle e, in pCi/kg.
di (r,_le) = is the deposition rate of radlonuchde (l) at dlstance r, |n the

sector at angle 6 in pC|/m hr.
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The deposition rate from the plume is defined by (Reg. Guide 1.109,
Rev. 1, Page 1.109-26, Equa. C-6): :

di(r6)= 1.1 x 10°5 (6)Q

Where:

di(r,8) = isthe déposition rate of radionuclide (i).

3i(r,0) = is the relative deposition of radionuclide (i), considering
depletion and decay, in m? (see Reg Guide 1.111).
(Table 4) : L

1.1x10® = is the number of pCi/Ci (10"?) divided by the number of
hours per year (8760).

Qi = is the annual release rate of radionuclide (i) to the

atmosphere, in Cif/yr.
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For radioiodines, the model considers only the elemental fraction of the

effluent:

d(r0) = 3.3 x 1075, (,6) Q

Where:

d; (r, 9)

3.3x10" =

i (r, 9)

Qi

th

-The deposition raté of radioiodine (i).

The number of pCi/Ci (10"?) divided by the number of hours

per year (8760), then multiplied by the amount of radioiodine

emissions considered to be elemental (0.5).
The relative deposition of radioiodine (i), considering
depletion and decay, in m?. (Table 4)
The total (elemental and nonelemental) radioiodine (i)
emission rate.”
is the fraction of deposited activity retained on crops,
dimensionless. (Tabie 17)
is the effective removal rate constant for radionuclide (i)
from crops, in hr™. ’

Agi = hi + Ay

w = 0.0021/hr. (Table 17)
is the time period that crops are exposed to contamination
during the growing season, in hours. (Table 17)
is the agricuitural productlwty (yield) in kg (wet weight)/m?.
(Table 17)
is the concentration factor for uptake of radionuclide (i) from
soil by edible parts of crops, in pCi/ kg (wet welght) per
pCi/kg dry soil. (Table 5)
is the radiological decay constant of radlonuchde (1), in hr’
is the period of time for which sediment or soil is exposed to
the contaminated water, in hours (mid-point of plant life).
(Table 17)
is the effective "surface density” for soil, in kg (dry soil)/m?.
(Table 17)
is the holdup time that represents the time interval between
harvest and consumption of the food, in hours. (Table 17)

Different values for the parameters t., Yy, and t,, may be used to aliow
the use of the Equation for different purposes: estimating
concentrations in produce consumed by man; in leafy vegetables
consumed by man; in forage consumed directly as pasture grass by
dairy cows, beef cattle, or goats; and in forage consumed as stored feed
by dairy cows, beef cattle or goats. See Table 17.
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3.2.3

C. Parameters for Caldulating the Concentration of Rédionu_clide (i) in the
Animal's Feed (Milk Cow, Beef Cow, and Goat)

C’ (r,6) = f,f.CF (r6) + (1-f,) CS (r,6) + f, (1-£.) CS (r.6)

Where:

CY(r,0) = isthe concentration of radionuclide (i) in thé animal's feed, in
pCi/kg.

C'?(r,e) = is the concentration of radionuclide (i) on pasture grass
(calculated using Equation 3.2.3C with t,=0), in pCl/kg

Csi(r,e)‘ = is the concentration of radionuclide (|) in stored feeds
(calculated using Equation 3.2.3C with t,=90 days), in
pCi/kg.

fo = is the fraction of the year that animals graze on pasture.
(Table 17)

s = is the fraction of daily feed that is pasture grass while the

animal grazes on pasture. (Table 17)
3.2.4 Parameters for Calculating Radionuclide Concentratlon in Cow and Goat Milk

CY (r,6) = F,C/ (1,0) Q; exp(-At,)

Where:

cMro) = is the concentration of radionUcIide (i) in m'ilk in pCi/liter.

cY (r,e)' = isthe concentratlon of radionuclide (|) in the animal's feed, in
pCi/kg.

Fm = s the average fraction of the animal's daily intake of
radionuclide (i) which appears in each liter of milk, in days/liter.
(Table 5)

CQF = is the amount of feed consumed by the animal per day, in
. kg/day. (Table 7)

o = is the average transport time of the radionuclide (i) from the
feed to the milk and to the receptor (a value of 2 days is
assumed). (Table 17)

Ai =  is the radiological decay constant of radionuclide (i), in days™.
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3.2.5 Parameters for Calculating Radlonucllde Concentration in Cow Meat,
~ excluding Tritium

o (",9) = FC/ (r,6) Q- exp (-At,)

Where:

ch (r,0) = isthe concentration of radionuclide (i) in meat, in bCi/Iiter.

Fi = s the average fréction of the animal’svdaily intake of
radionuclide (i) which appears in each kilogram of flesh, in
days/kilogram. (Table 5)

ts = isthe a\}erage time from slaughter to consumption. (Table 17)

3.2.6 Parameters for Calculating Tritium Concentrations in Vegetation

" The concentration of tritium in vegetation is caiculated from its concentration
in the air surrounding the vegetation.

[x7q] (ro) 0.75) (0.5 /Q| (.6
CY (r0) = 3.17x 10’ QT[Z | ¢ )H( ) 09 w107 QT[Z h],( )
- Where:
= s the concentration of tritium in vegétation grown at distance r,

CY¥(r, 0)
. in-the sector at angle 0, in pCi/kg.

H = is the absolute humidity of the atmosphere at distance r, in the
sector at angle 6, in g/m®. H=8 gm/kg.

Qr - = . is the annual release rate of tritium, in Cifyr.

[x/Q](r,0) | is the atmospheric dispersion factor, in sec/m®. (Table 4)

0.5 - = is the ratio of tritium concentration in plant water to tritium
concentration in atmospheric water, dimensionless.

0.75 = s the fraction of total plant mass that is water, dimensionless.
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3.2.7 Annual Dose from Atmospherlcally Released Radionuclides in Foods

A.

(“9)'

The total annual dose to organ (j) of an mdlwdual in age group (a)
resulting from ingestion of all radionuclides in produce, milk, and leafy
~vegetables is glven by:

DFl, |
Where:

DR.(r,6)

u%,uM

fi

UYF.CY(r.) « UMCM(r9)+ U’ CF(rH)+ ULE,C! (rH)]

a'g™vi

is the ahnual dose to organ (j) of an individual in age group
(a) from dietary intake of atmospherically released -

radionuclides, in mrem/yr.

= is the dose conversion factor for the ingestion of

radionuclide (i), organ (j), and age group (a), in mrem/pCi.
Tables13-16. ,

are the ingestion rates of produce-(non- Ieafy vegetables,
fruits, and grains); milk, meat, and leafy U%,U% vegetables,
respectively for individuals.in age group (a). (Table 6)
Fraction of ingested produce grown in garden of interest
(Table 17)

Fraction of leafy vegetables grown in garden of interest
(Table 17) .

Calculating the Ingested Dose from Leafy and Non-Leafy (produce)
Vegetation for Radionuclide (i) to Each Organ (j) and Age Group (a)

D2 (r,0) = DFI,[UL f, Ct (ne) + UY f, CY ()]

Where:
DR%(r,0)
DFl;a
us,UY

ch

cY

is the annual dose from the ingestion of radionuclide (i) to
organ (j) of an individual in age group (a) from dietary intake
of atmospherically released radionuclides in vegetation, in
mrem/yr.

is the dose conversion factor for the ingestion of
radionuclide (i), organ (), and age group (a), in mrem/pci.
Tables 13-16

are the ingestion rates of leafy vegetables and produce
(non-leafy vegetables, fruits, and grains), for individuals in
age group (@), in kg/yr. (Table 6)

is the concentration of radionuclide (i) in and on leafy
vegetation, in pCi/kg.

is the concentration of radionuclide (i) in and on produce, in
pCikg.
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3.2.7

C. Calculatlon Determmlng the Ingested Dose from Cow Milk for
Radionuclide (i), Organ (j), and Age Group (a) ‘

o (re) = DFlua [UQ” cY (r,e)]

Where:

D',?a(r,e) = is the annual dose from the ingestion of radionuclide ('i),
organ (j) of an individual in age group (a) from dietary intake
of atmosphencally released radionuclides in cow milk, in
mrem/yr

- DFlja = is the dose conversion factor for the ingestion of
“radionuclide (i), organ (j), and age group (a), in mrem/pCi.
(Tables 13-16)

uM, = is t.he'ingestiOn rate of cow milk for individuals in age group
(@), in t/yr. (Table 6)

cV ‘= is the radionuclide concentration in cow milk, in pCi/kg.

Equation 3.2.4

D. Calculation Determining the Ingested Dose from Meat for Radionuclide
(i) to Organ (j) and Age Group (a) '

° (r,8) = DFI,|Uf CF (r6)]

Where:

D‘j’a r,6)° = is the annual dose from the ingestion of radionuclide (i),
organ (j) of an individual in age group (a) from dietary intake
of atmospherically released radionuclides in meat, in
mrem/yr.

DFljz = is the dose conversion factor for the ingestion of

- radionuclide (i), organ (j), and age group (a) in mrem/pCi.
(Tables 13-16)
u%, = is the ingestion rate of meat for individuals in age group (a),
. inkg/yr. (Table 6)
o = is the radionuclide (i) concentration in meat, in pCi/kg.
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4. LOWER LIMIT OF DETECTION (LLD)

The lower limit of detection (LLD) for liquid and airborne effluent discharges and
environmental samples referenced in Part |, Tables 3.1, 3.2, and 4.3 is defined as the
smallest concentration of radioactive material in a sample that will yield a net count, above
system background, that will be detected with 95 percent probability with only § percent
probability of falsely concluding that a blank observation represents a "real" signal.

For a particular measurement system, which may include radiochemical separation:

466 * S,
ExV DY xexp(-1Al)

LLD =

"Where:

LLD

the lower limit of detéction as defined above, in either picoCuries or microCuries,
per unit mass or volume as a function of the value of D

Sb = the standard deviation of the backgrouhd counting rate or'of the éounting rate of a
blank sample, as appropriate, as counts per mingte

E = the counting efﬁciency, as counts per disintegration

V = the sample size‘in units of mass or volume

D = 2.22E+06 of disintegrations per minute per microCurie or 2.22 disintegrations per
minute per picoCurie

Y = the fractional radiochemical yield, when applicable

A = the radioactive decay constant for the particular radionuclide -.

at = the elapsed time between the midboint of sample collection aﬁd time of counting

Appropriate values of E, V, Y, .and at should be used in the calculation.

It should be recognized that the LLD is defined as an A Priori limit representing the
capability of a measurement system and not as a limit for a particular measurement.

LLD verifications will be performed on a periodic basis. This determination is to ensure
that the counting system is able to detect levels of radiation at the LLD values for the
specific type of analysis required. They will be performed with a blank (non-radioactive)
sample in the same counting geometry as the actual sample.
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Table 2 - Dose Factors for Exposure to a Semi-Infinite Cloud of Noble Gases

Nuclide B-Air' (DFf}) p-Skin? (DFS) y-Air' (Dff) y-Body® (DFB)
Kr-83m 2.88E-04 1.93E-05 7.56E-08
Kr-85m - 1.97E-03 1.46E-03 1.23E-03 1.17E-03
Kr-85 1.95E-03 1.34E-03 1.72E-05 1.61E-05
Kr-87 1.03E-02 9.73E-03 6.17E-03 5.92E-03
Kr-88 2.93E-03 2.37E-03 1.52E-02 1.47E-02
Kr-89 1.06E-02 1.01E-02 1.73E-02 1.66E-02
Kr-90 7.83E-03 7.29E-03. 1.63E-02 1.56E-02

Xe-131m 1.11E-03  4.67E-04 1.56E-04 9.15E-05

Xe-133m 1.48E-03 9.94E-04 . 3.27E-04 2.51E-04
Xe-133 1.05E-03 3.06E-04 3.53E-04 2.94E-04

Xe-135m ~ 7.39E-04 7.11E-04 3.36E-03 3.12E-03
Xe-135 2.46E-03 1.86E-03 1.92E-03 1.81E-03
Xe-137 1.27E-02 1.22E-02 1.51E-03 1.42E-03
Xe-138 4.75E-03 4.13E-03 9.21E-03 8.83E-03
Ar-41 3.28E-03 2.69E-03 9.30E-03 8.84E-03

mrad - m’®
pCi - yr
mrem - m’®
pCi-r
3 2.88E-04=288x10""
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FRESHWATER
Element Fish Invertebrate

H 9.0E-01 9.0E-01
C 4.6E+03 9.1E+03
Na 1.0E+02 2.0E+02-
P 1.0E+05 2. 0E+04
Cr 2.0E+02 2.0E+03
Mn 4.0E+02 '9.0E+04
Fe 1.0E+02 3.2E+03
Co 5.0E+01 2.0E+02
Ni 1.0E+02 1.0E+02
Cu 5.0E+01 4.0E+02 -
Zn 2.0E+03 1.0E+04
Br 4.2E+02 3.3E+02
Rb 2.0E+03 1.0E+03
Sr 3.0E+01 1.0E+02
Y 2.5E+01 1.0E+03
Zr 3.3E+00 6.7E+00
Nb 3.0E+04 1.0E+02
Mo 1.0E+01 1.0E+01
Tc 1.5E+01 5.0E+00
Ru 1.0E+01 3.0E+02
Rh 1.0E+01 3.0E+02
Te 4.0E+02 6.1E+03

| 1.5E+01 5.0E+00
Cs 2.0E+03 1.0E+03
Ba 4.0E+00 2.0E+02
La 2 5E+01 1.0E+03
Ce 1.0E+00 1.0E+03
Pr 2 5E+01 1.0E+03
Nd 2.5E+01 1.0E+03
w 1.2E+03 1.0E+01
Np 1.0E+01 4.0E+02
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Table 4 - Highest Potential Exposure Pathways for Estimating Dose

. CH-ODCM-0001
PAGE 101 OF 125

NOTE: The Annual Radiological Effluent Report uses the highest calculated value from real
time meteorologlcal data obtained for the entire year for calculating dose.

Distance

v ] R X/Q 1 - DIQ 1
Location | Direction from
Exposure Rathway \ , Containment {Q (r,(g)} {0 (r_,;))}
. (sec/m”) (m™)
(miles) 2
Direct Exposure Site WNW 0.70 1.30E-05 N/A
‘ Boundary
Inhalation Site WNW 0.70 1.30E-05 N/A
: Boundary
Ingestion Residence | SSE 0.65 N/A 7.3 E-08

1 These values are used for calculating quarterly dose estimates during the annual reporting period and are
based on a 2 year average, updated only upon a +10% change from the previous value. At least ten percent
(10%) should be added to these values for dose estimates during the reporting periods.

2 The location is subject to change based on an annual evaluation and is utilized only for ingestion exposure
pathway dose estimates. This location may differ from the highest ingestion exposure pathway for offsite air
monitoring locations as determined by the Land Use Survey performed biennially in accordance with Part 1,

Section 6.3.2.
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-Table 5 - Stable Element Transfer Data

CH-ODCM-0001
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Element VegE?I/VSoiI n:r;;ufcm)) Meat'F (ka)
H 4.8E+00 1.0E-02 12602
c 5 5E+00 1.2E-02 31E-02
Na 5.2E-02 4 0E-02 3.0E-02
P 1.1E+00 2 5E-02 4.6E-02
Cr 2 5E-04 2 2E-03 2 4E-03
Mn 2 9E-02 2 5E-04 8.0E-04
Fe 6.6E-04 1.2E-03 4.0E-02
Co 9.4E-03 1.0E-03 1.3E-02
Ni 1.9E-02 6.7E-03 5.3E-02
Cu 1.2E-01 1.4E-02 8.0E-03
Zn 4.0E-01 3.9E-02 3.0E-02
Rb 1.3E-01 3.0E-02 31E-02
Sr 1.7E-02 8.0E-04 6.0E-04
Y 2 6E-03 1.0E-05 4 6E-03
zr 1.7E-04 5.0E-06 3.4E-02
Nb 9.4E-03 2.5E-03 2.8E-01
Mo 1.2E-01 75E-03 8.0E-03
Te 2.5E-01 2 5E-02 4.0E-01
Ru 5.0E-02 1.0E-06 4.0E-01
Rh 1.3E+1 1.0E-02 1.5E-03
Ag 1.5E-01 5.0E-02 1.7E-02
Te 1.3E+00 1.0E-03 7. 7E-02
| 2.0E-02 6.0E-03 2 9E-03
Cs 1.0E-02 12E-02 4.0E-03
Ba 5.0E-03 4.0E-04 3.2E-03
La 2. 5E-03 5.0E-06 2.0E-04
Ce 2 5E-03 1.0E-04 1.2E-03
Pr 2 5E-03 5.0E-06 4.7E-03

' Nd 2 4E-03 5.0E-06 3.3E-03
W 1.8E-02 5.0E-04 1.3E-03
Np 2 5E-03 5.0E-06 2 OE-04

R19



FORT CALHOUN STATION
OFF-SITE DOSE CALCULATION MANUAL REFERENCE USE

CH-ODCM-0001

PAGE 103 OF 125

Table 6 - Recommended Values for U,, to Be Used for the Maximum Expdsed Individual in Lieu

of Site Specific Data

Pathway Infant Child Teen Adult
Fruits, vegetables, & grain (kg/yr) - 520 630 520
Leafy vegetables (kg/yr) - 26 42 64
Milk (/yr) . 330 330 400 310
Meat & poultry (kg/yr) -— 41 65 110
Fish (fresh or salt)(kg/yr) - 6.9 16 21
Other Seafood (kg/yr) -— 1.7 3.8 5
Drinking water (¢/yr) 330 510 510 730
Shoreline recreation (hr/yr) -—- 14 67 12
Inhalation (m3/yr) 1400 3700 8000 8000
Table 7 - Animal Consumption Rates
Animal Qr Feed or Forage [Kg/day (wet weigh)] Qaw Water (t/day)
-Milk Cow 50 - 60
Beef Cattle 50 - 50
Goats 6 8
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CH-ODCM-0001

Table 8 - External Dose Factors for Standing on Contaminated Ground

(mrem/hr per pCi/m?)

PAGE 104 OF 125

ELEMENT - TOTAL BODY SKIN
H-3
C-14
Na-24 2.50E-08 2.90E-08
P-32 -
Cr-51 2.20E-10 2.60E-10
Mn-54 5.80E-09 6.80E-09
Mn-56 1.10E-08 1.30E-08
Fe-55 - —
Fe-59 8.00E-09 9.40E-09
Co-58 7.00E-09 8.20E-09
Co-60 1.70E-08 2.00E-08
Ni-63 —
Nr-65 3.70E-09 4.30E-09
Cu-64 1.50E-09 1.70E-09
Zn-65 4.00E-09 4.60E-09
Zn-69 - -
Br-83 6.40E-11 9.30E-11
Br-84 1.20E-08 1.40E-08
Br-85 — --
Rb-86 6.30E-10 7.20E-10
Rb-88 3.50E-09 4.00E-09
'Rb-89 1.50E-08 1.80E-08
Sr-89 5.60E-13 6.50E-13
Sr-91 7.10E-09 8.30E-09
Sr-92 9.00E-09 1.00E-08
Y-90 2.20E-12 2.60E-12
Y-91M 3.80E-09 4.40E-09
Y-91 2.40E-11 2.70E-11
Y-92 1.60E-09 1.90E-09
Y-93 5.70E-10 7.80E-10
Zr-95 5.00E-09 5.80E-09
Zr-97 5.50E-09 6.40E-09
Nb-95 5.10E-09 6.00E-09
Mo-99 1.90E-09 2.20E-09
Tc-99M 9.60E-10 1.10E-09
Te-101 2.70E-09 3.00E-09
Ru-103 3.60E-09 4.20E-09
Ru-105 4.50E-09 5.10E-09
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Table 8 - External Dose Factors for Standing on Contaminated Ground
(mrem/hr per pCi/m?)

ELEMENT } TOTAL BODY - SKIN
Ru-106 1.50E-09 ‘ . 1.80E-09
Ag-110M 1.80E-08 2.10E-08
Te-125M 3.50E-11 4.80E-11
Te-127M . 1.10E-12 1.30E-12
Te-127 1.00E-11 1.10E-11
Te-129M 7.70E-10 9.00E-10
Te-129 . 7.10E-10 8.40E-10
Te-131M . 8.40E-09 9.90E-09
Te-131 2.20E-09 2.60E-06
Te-132 \ 1.70E-09 2.00E-09
1-130 1.40E-08 ~ 1.70E-08
1-131 2.80E-09 3.40E-09
1-132 1.70E-08 2.00E-08
1-133 3.70E-09 4.50E-09
1-134 1.60E-08 ' 1.90E-08
1-135 . 1.20E-08 1.40E-08
Cs-134 1.20E-08 - 1.40E-08
Cs-136 1.50E-08 , 1.70E-08
Cs-137 , 4.20E-09 4.90E-09
Cs-138 » 2.10E-08 . 2.40E-08
Ba-139 2.40E-09 2.70E-09
Ba-140 2.10E-09 2.40E-09
Ba-141 - 4.30E-09 4.90E-09
Ba-142 . 7.90E-09 9.00E-09
La-140 1.50E-08 , : 1.70E-08
La-142 : 1.50E-08 1.80E-08
Ce-141 5.50E-10 6.20E-10
 Ce-143 2.20E-09 2.50E-09.
Ce-144 3.20E-10 3.70E-10
Pr-143 ' — —
 Pr-144 2.00E-10 2.30E-10
Nd-147 . ' 1.00E-09 1.20E-09
W-187 _ 3.10E-09 A ' 3.60E-09
Np-239 ‘ 9.50E-10 ' 1.10E-09
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Table 9 - Inhalation Dose Factors for Adult
(mrem per pCi Inhaled)

CH-ODCM-0001
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Nuclide Bone - Liver T. Body Thyroid Kidney Lung GI-LLI
H-3 -~ 8.98E-08 { 8.98E-08 | 8.98E-08 | 8.98E-08 | 8.98E-08 | 8.98E-08
C-14 2.27E-06 | 4.26E-07 | 4.26E-07 | 4.26E-07 | 4.26E-07 | 4.26E-07 | 4.26E-07
Na-24 1.28E-06 | 1.28E-06 | 1.28E-06 | 1.28E-06 | 1.28E-06 | 1.28E-06 | 1.28E-06
P-32 1.65E-04 | 9.64E-06 | 6.26E-06 - - -—- 1.08E-05
Cr-51 - - . | 1.25E-08 | 7.44E-09 | 2.85E-09 | 1.80E-06 | 4.15E-07
Mn-54 - 4 95E-06 | 7.87E-07 - 1.23E-06 | 1.75E-04 | 9.67E-06
Mn-56 -~ 1.55E-10 | 2.29E-11 - 1.63E-10 | 1.18E-06 | 2.53E-06
Fe-55 3.07E-06 | 2.12E-06 | 4.93E-07 --- -—- 9.01E-06 | 7.54E-07
Fe-59 1.47E-06 | 3.47E-06 | 1.32E-06 - - 1.27E-04 | 2.35E-05
Co-58 - 1.98E-07 | 2.59E-07 --- - 1.16E-04 | 1.33E-05
Co-60 -— 1.44E-06 | 1.85E-06 --- - 7.46E-04 | 3.56E-05
Ni-63 5.40E-05 | 3.93E-06 | 1.81E-06 --- --- 2.23E-05 | 1.67E-06
Ni-65 1.92E-10 | 2.62E-11 | 1.14E-11 --- -—- 7.00E-07 | 1.54E-06
Cu-64 -~ 1.83E-10 | 7.69E-11 - 5.78E-10 | 8.48E-07 | 6.12E-06
Zn-65 4.05E-06 | 1.29E-05 | 5.82E-06 --- 8.62E-06 | 1.08E-04 | 6.68E-06
Zn-69 4.23E-12 | 8.14E-12 | 5.65E-13 - 5.27E-12 | 1.15E-07 | 2.04E-09
Br-83 -~ - 3.01E-08 - -—- -—- 2.90E-08
Br-84 -~ - 3.91E-08 --- - - 2.05E-13
Br-85 -~ - 1.60E-09 - - — -—
Rb-86 - 1.69E-05 | 7.37E-06 - -—- -—- 2.08E-06
Rb-88 - 4.84E-08 | 2.41E-08 --- - -— 4 18E-19
Rb-89 - 3.20E-08 | 2.12E-08 - - --- 1.16E-21
Sr-89 3.80E-05 - 1.09E-06 - - 1.75E-04 | 4.37E-05
Sr-90° 3.59E-03 -— 7-21E-05 - - 1.20E-03 | 9.02E-05
Sr-91 7.74E-09 -—- 3.13E-10 - --- 4.56E-06 | 2.39E-05
Sr-92 8.43E-10 - 3.64E-11 - - 2.06E-06 | 5.38E-06
Y-90 2.61E-07 --- 7.01E-09 - --- 2.12E-05 | 6.32E-05
Y-91M 3.26E-11 -— 1.27E-12 - -—- 2.40E-07 | 1.66E-10
Y-91 5.78E-05 --- 1.55E-06 - - 2.13E-04 | 4.81E-05
Y-92 1.29E-09 --- 3.77E-11 - - 1.96E-06 | 9.19E-06
Y-93 1.18E-08 -—- 3.26E-10 --- - 6.06E-06 | 5.27E-05
| Zr-95 1.34E-05 | 4.30E-06 | 2.91E-06 - 6.77E-06 | 2.21E-04 | 1.88E-05
Z2r-97 1.21E-08 | 2.45E-09 | 1.13E-09 --- 3.71E-09 | 9.84E-06 | 6.54E-05
Nb-95 1.76E-06 | 9.77E-07 | 5.26E-07 --- 9.67E-07 | 6.31E-05 | 1.30E-05
Mo-99 - 1.51E-08 | 2.87E-09 - 3.64E-08 | 1.14E-05 | 3.10E-05
Tc-99M- | 1.29E-13 | 3.64E-13 | 4.63E-12 --- 5.52E-12 | 9.55E-08 | 5.20E-07
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Table 9 - Inhalation Dose Factors for Adult
(mrem per pCi Inhaled)

CH-ODCM-0001
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Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI
Tc-101 5.22E-15 | 7.52E-15 | 7.38E-14 - 1.35E-13 | 4.99E-08 | 1.36E-21
Ru-103 1.91E-07 --- 8.23E-08 --- 7.29E-07 | 6.31E-05 | 1.38E-05
Ru-105 9.88E-11 --- 3.89E-11 --- 1.27E-10 | 1.37E-06 | 6.02E-06
Ru-106 8.64E-06 -- 1.09E-06 - 1.67E-05 | 1.17E-03 | 1.14E-04
Ag-110M | 1.35E-06 | 1.25E-06 | 7.43E-07 --- 2.46E-06 | 5.79E-04 | 3.78E-05
Te-125M | 4.27E-07 | 1.98E-07 | 5.84E-08 | 1.31E-07 | 1.55E-06 | 3.92E-05 | 8.83E-06
Te-127M | 1.58E-06 | 7.21E-07 | 1.96E-07 | 4.11E-07 | 5.72E-06 | 1.20E-04 | 1.87E-05
Te-127 1.75E-10 | 8.03E-11 | 3.87E-11 | 1.32E-10 | 6.37E-10 | 8.14E-07 | 7.17E-06
Te-129M | 1.22E-06 | 5.84E-07 | 1.98E-07 | 4.30E-07 | 4.57E-06 | 1.45E-04 | 4.79E-05
Te-129 6.22E-12 | 2.99E-12 | 1.55E-12 | 4.87E-12 | 2.34E-11 | 2.42E-07 | 1.96E-08
Te-131M | 8.74E-09 | 5.45E-09 | 3.63E-09 | 6.88E-09 | 3.86E-08 | 1.82E-05 | 6.95E-05
1Te-131 1.39E-12 | 7.44E-13 | 4.49E-13 | 1.17E-12 | 5.46E-12 | 1.74E-07 | 2.30E-09
Te-132 3.25E-08 | 2.69E-08 | 2.02E-08 | 2.37E-08 | 1.82E-07 | 3.60E-05 | 6.37E-05
1-130 5.72E-07 | 1.68E-06 | 6.60E-07 | 1.42E-04 | 2.61E-06 - 9.61E-07
1-131 3.15E-06 | 447E-06 | 2.56E-06 | 1.49E-03 | 7.66E-06 - 7.85E-07
-132 1.45E-07 | 4.07E-07 | 1.45E-07 | 1.43E-05 | 6.48E-07 -— 5.08E-08
(-133. 1.08E-06 | 1.85E-06 | 5.65E-07 | 2.69E-04 | 3.23E-06 --- 1.11E-06
I-134 8.05E-08 | 2.16E-07 | 7.69E-08 | 3.73E-06 | 3.44E-07 - 1.26E-10-
1-135 | 3.35E-07 | 8.73E-07 | 3.21E-07 | 5.60E-05 | 1.39E-06 - 6.56E-07
Cs-134 4 66E-05 | 1.06E-04 | 9.10E-05 | --- 3.59E-05 | 1.22E-05 | 1.30E-06
Cs-136 | 4.88E-06 | 1.83E-05 | 1.38E-05 --- 1.07E-05 | 1.50E-06 | 1.46E-06
Cs-137 5.98E-05 | 7.76E-05 | 5.35E-05 - 2.78E-05 | 9.40E-06 | 1.05E-06
Cs-138 4.14E-08 | 7.76E-08 | 4.05E-08 --- 6.00E-08 | 6.07E-09 | 2.33E-13
Ba-139 1.17E-10 | 8.32E-14 | 3.42E-12 - 7.78E-14 | 4.70E-07 | 1.12E-07
Ba-140 4 88E-06 | 6.13E-09 | 3.21E-07 - --- 2.09E-09 | 1.59E-04 | 2.73E-05
Ba-141 1.25E-11 | 9.41E-15 | 4.20E-13 - 8.75E-15 | 2.42E-07 | 1.45E-17
Ba-142 3.29E-12 | 3.38E-15 | 2.07E-13 - 2.86E-15 | 1.49E-07 | 1.96E-26
La-140 4.30E-08 | 2.17E-08 | 5.73E-09 --- --- 1.70E-05 | 5.73E-05
La-142 | 8.54E-11 | 3.88E-11 | 9.65E-12 --- - 7.91E-07 | 2.64E-07
Ce-141 2.49E-06 | 1.69E-06 | 1.91E-07 --- 7.83E-07 | 4.52E-05 | 1.50E-05
Ce-143 2.33E-08 | 1.72E-08 | 1.91E-09 --- 7.60E-09 | 9.97E-06 | 2.83E-05
Ce-144 4.29E-04 | 1.79E-04 | 2.30E-05 - 1.06E-04 | 9.72E-04 | 1.02E-04
Pr-143 1.17E-06 | 4.69E-07 | 5.80E-08 -— 2.70E-07 | 3.51E-05 | 2.50E-05
Pr-144 3.76E-12 | 1.56E-12 | 1.91E-13 - 8.81E-13 | 1.27E-07 | 2.69E-18
Nd-147 6.59E-07 | 7.62E-07 | 4.56E-08 - 4 45E-07 | 2.76E-05 | 2.16E-05
W-187 1.06E-09 | 8.85E-10 | 3.10E-10 - --- 3.63E-06 | 1.94E-05
Np-239 2.87E-08 | 2.54E-08 | 1.55E-09 - 8.75E-09 | 4.70E-06 | 1.49E-05
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FORT CALHOUN STATION
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Table 10 - Inhalation Dose Factors for Teenager

(mrem per pCi Inhaled)

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI
H-3 - 9.06E-08 | 9.06E-08 | 9.06E-08 | 9.06E-08 | 9.06E-08 | 9.06E-08.
C-14 3.25E-06 | 6.09E-07 | 6.09E-07 | 6.09E-07 | 6.019E-07 | 6.09E-07 | 6.09E-07
Na-24 1.72E-06 | 1.72E-06 | 1.72E-06 | 1.72E-06 | 1.72E-06 | 1.72E-06 | 1.72E-06
P-32 2.36E-04 | 1.37E-05 | 8.95E-06 --- - - | 1.16E-05
Cr-51 - Co— 1.69E-08 | 9.37E-09 | 3.84E-09 | 2.62E-06 | 3.75E-07
Mn-54 --- 6.39E-06 | 1.05E-06 --- 1.59E-06 | 2.48E-04 | 8.35E-06
Mn-56 --- 2.12E-10 | 3.15E-11 --- 2.24E-10 | 1.90E-06 | 7.18E-06
Fe-55 4. 18E-06 | 2.98E-06 | 6.93E-07 - - 1.55E-05 | 7.99E-07
Fe-59 1.99E-06 | 4.62E-06 | 1.79E-06 --- - 1.91E-04 | 2.23E-05
Co-58 --- 2.59E-07 | 3.47E-07 - - 1.68E-04 | 1.19E-05
Co-60 - 1.89E-06 | 2.48E-06 --- - 1.09E-03 | 3.24E-05
Ni-63 7.25E-05 | 5.43E-06 | 2.47E-06 --- - 3.84E-05 | 1.77E-06
Ni-65 2.73E-10 | 3.66E-11 | 1.59E-11 - --- 1.17E-06 | 4.59E-06
Cu-64 “e- 2.54E-10 | 1.06E-10 - 8.01E-10 | 1.39E-06 | 7.68E-06
Zn-65 4.82E-06 | 1.67E-05 | 7.80E-06 -~ 1.08E-05 | 1.55E-04 | 5.83E-06
Zn-69 6.04E-12 | 1.15E-11 | 8.07E-13 - 7.53E-12 | 1.98E-07 | 3.56E-08
Br-83 - --- 4.30E-08 --- - -—- -
Br-84 - - 5.41E-08 --- - --- ---
Br-85 - - 2.29E-09 --- - --- ---
Rb-86 --- 2.38E-05 | 1.05E-05 --- - - 2.21E-06
Rb-88 - 6.82E-08 | 3.40E-08 --- --- - 3.65E-15
Rb-89 --- 4.40E-08 | 2.91E-08 --- - --- 4 22E-17
Sr-89 5.43E-05 - 1.56E-06 --- - 3.02E-04 | 4.64E-05
Sr-90 4 14E-03 - 8.33E-05 --- - 2.06E-03 | 9.56E-05
Sr-91 1.10E-08 --- 4.39E-10 --- - 7.59E-06 | 3.24E-05
Sr-92 1.19E-09 - 5.08E-11 --- - 3.43E-06 | 1.49E-05
Y-90 3.73E-07 - 1.00E-08 --- --- 3.66E-05 | 6.99E-05 |.
Y-91M 4.63E-11 - 1.77E-12 --- - 4 00E-07 | 3.77E-09
Y-91 8.26E-05 - 2.21E-06 --- - 3.67E-04 | 5.11E-05
Y-92 . 1.84E-09 --- 5.36E-11 --- --- 3.35E-06 | 2.06E-05
Y-93 1.69E-08 - 4 65E-10 --- --- 1.04E-05 | 7.24E-05
Zr-95 1.82E-05 | 5.73E-06 | 3.94E-06 --- - 8.42E-06 | 3.36E-04 | 1.86E-05
Zr-97 1.72E-08 | 3.40E-09 | 1.57E-09 - 5.15E-09 | 1.62E-05 | 7.88E-05
Nb-95 2.32E-06 | 1.29E-06 | 7.08E-07 - 1.25E-06 | 9.39E-05 | 1.21E-05
Mo-99 - 2.11E-08 | 4.03E-09 --- 5.14E-08 |_1.92E-05 | 3.36E-05
Tc-99M 1.73E-13 | 4.83E-13 | 6.24E-12 -—- 7.20E-12 | 1.44E-07 | 7.66E-07
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Table 10 - Inhalation Dose Factors for Teenager

(mrem per pCi Inhaled)

CH-ODCM-0001
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Nuclide Bone Liver ‘T. Body Thyroid Kidney Lung GI-LLI
Tc-101 7.40E-15 | 1.05E-14 | 1.03E-13 - 1.90E-13 | 8.34E-08 | 1.09E-16
Ru-103 2.63E-07 - 1.12E-07 - 9.29E-07 | 9.79E-05 | 1.36E-05
Ru-105 1.40E-10 - 5.42E-11 - 1.76E-10 | 2.27E-06 | 1.13E-05
Ru-106 1.23E-05 - .| 1.55E-06 -—- 2.38E-05 | 2.01E-03 | 1.20E-04
Ag-110M | 1.73E-06 | 1.64E-06 | 9.99E-07 - 3.13E-06 | 8.44E-04 | 3.41E-05
Te-125M | 6.10E-07 | 2.80E-07 | 8.34E-08 | 1.75E-07 --- 6.70E-05 | 9.38E-06
Te-127M | 2.25E-06 | 1.02E-06 | 2.73E-07 | 5.48E-07 | 8.17E-06 | 2.07E-04 | 1.99E-05
Te-127 2.51E-10 | 1.14E-10 | 5.52E-11 | 1.77E-10 | 9.10E-10 | 1.40E-06 | 1.01E-05
Te-129M | 1.74E-06 | 8.23E-07 | 2.81E-07 | 5.72E-07 | 6.49E-06 | 2.47E-04 | 5.06E-05
Te-129 ‘8.87E-12 | 4.22E-12 | 2.20E-12 | 6.48E-12 | 3.32E-11 | 4.12E-07 | 2.02E:07
Te-131M | 1.23E-08 | 7.51E-09 | 5.03E-09 | 9.06E-09 | 5.49E-08 | 2.97E-05 | 7.76E-05
Te-131 1.97E-12 | 1.04E-12 | 6.30E-13 | 1.55E-12 | 7.72E-12 | 2.92E-07 | 1.89E-09
Te-132 4 50E-08 | 3.63E-08 | 2.74E-08 | 3.07E-08 | 2.44E-07 | 5.61E-05 | 5.79E-05
1-130 7.80E-07 | 2.24E-06 | 8.96E-07 | 1.86E-04 | 3.44E-06 --- 1.14E-06
1-131 4.43E-06 | 6.14E-06 | 3.30E-06 | 1.83E-03 | 1.05E-05 --- 8.11E-07
1-132 1.99E-07 | 5.47E-07 | 1.97E-07 | 1.89E-05 | 8.65E-07 - 1.59E-07
1-133 1.52E-06 | 2.56E-06 | 7.78E-07 | 3.65E-04 | 4.49E-06 -—- 1 1.29E-06
1-134 1.11E-07 | 2.90E-07 | 1.05E-07 | 4.94E-06 | 4.58E-07 - 2.55E-09
I-135 = | 4.62E-07 | 1.18E-06 | 4.36E-07 | 7.76E-05 | 1.86E-06 --- 8.69E-07
Cs-134 6.28E-05 | 1.41E-04 | 6.86E-05 --- 4.69E-05 | 1.83E-05 | 1.22E-06
Cs-136 6.44E-06 | 2.42E-05 | 1.71E-05 - 1.38E-05 | 2.22E-06 | 1.36E-06
Cs-137 8.38E-05 | 1.06E-04 | 3.89E-05 --- 3.80E-05 | 1.51E-05 | 1.06E-06
Cs-138 5.82E-08 | 1.07E-07 | 5.58E-08 --- 8.28E-08 | 9.84E-09 | 3.38E-11
Ba-139 1.67E-10 | 1.18E-13 | 4.87E-12 - 1.11E-13 | 8.08E-07 | 8.06E-07
Ba-140 6.84E-06 | 8.38E-09 | 4.40E-07 - 2.85E-09 | 2.54E-04 | 2.86E-05
Ba-141 1.78E-11 | 1.32E-14 | 5.93E-13 - 1.23E-14 | 4.11E-07 | 9.33E-14
Ba-142 4.62E-12 | 4.63E-15 | 2.84E-13 -— 3.92E-15 | 2.39E-07 | 5.99E-20
‘La-140 5.99E-08 | 2.95E-08 | 7.82E-09 --- - 2.68E-05 | 6.09E-05
La-142 1.20E-10 | 5.31E-11 | 1.32E-11 - -—- 1.27E-06 | 1.50E-06
Ce-141 3.55E-06 | 2.37E-06 | 2.71E-07 - 1.11E-06 | 7.67E-05 | 1.58E-05
Ce-143 3.32E-08 | 2.42E-08 | 2.70E-09 --- 1.08E-08 | 1.63E-05 | 3.19E-05
Ce-144 | 6.11E-04 | 2.53E-04 | 3.28E-05 - 1.51E-04 | 1.67E-03 | 1.08E-04
Pr-143 1.67E-06 | 6.64E-07 | 8.28E-08 --- 3.86E-07 ‘| 6.04E-05 | 2.67E-05
Pr-144 5.37E-12 |.2.20E-12 | 2.72E-13 - 1.26E-12 | 2.19E-07 | 2.94E-14
Nd-147 9.83E-07 | 1.07E-06 | 6.41E-08 - 6.28E-07 | 4.65E-05 | 2.28E-05
W-187 1.50E-09 | 1.22E-09 | 4.29E-10 - --- 5.92E-06 | 2.21E-05
Np-239 4 23E-08 | 3.60E-08 | 2.21E-09 --- 1.25E-08 | 8.11E-06 | 1.65E-05 | .
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Table 11 - Inhalation Dose Factors for Child
(mrem per pCi Inhaled)
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GI-LLI

Nuclide Bone Liver .T. Body Thyroid | | Kidney Lung
H-3 — | 1.73E-07 | 1.73E-07 | 1.73E-07 | 1.73E-07 | 1.73E-07 | 1.73E-07
C-14 9.70E-06 | 1.82E-06 | 1.82E-06 | 1.82E-06 | 1.82E-06 | 1.82E-06 | 1.82E-06
Na-24 4.35E-06 | 4.35E-06 | 4.35E-06 | 4.35E-06 | 4.35E-06 | 4.35E-06 | 4.35E-06
P-32 7.04E-04 | 3.09E-05 | 2.67E-05 --- - 1.14E-05
Cr-51 - -- 4.17E-08 | 2.31E-08 | 6.57E-09 | 4.59E-06 | 2.93E-07
Mn-54 - 1.16E-05 | 2.57E-06 --- 2.71E-06 | 4.26E-04 | 6.19E-06
Mn-56 4 48E-10 | 8.43E-11 --- 4.52E-10 | 3.55E-06 | 3.33E-05
Fe-55 1.28E-05 | 6.80E-06 | 2.10E-06 --- - 3.00E-05 | 7.75E-07
Fe-59 5.59E-06 | 9.04E-06 | 4.51E-06 --- -—- 3.43E-04 | 1.91E-05.
Co-58 - 4.79E-07 | 8.55E-07 - - 2.99E-04 | 9.29E-06
Co-60 3.55E-06 | 6.12E-06 - - 1.91E-03 | 2.60E-05
Ni-63 2.22E-04 | 1.25E-05 | 7.56E-06 - --- 7.43E-05 | 1.71E-06
Ni-65 . 8.08E-10 | 7.99E-11 | 4.44E-11 -—- - 2.21E-06 | 2.27E-05
Cu-64 - 5.39E-10 | 2.90E-10 -—- 1.63E-09 | 2.59E-06 | 9.92E-06
Zn-65 1.15E-05 | 3.06E-05 | 1.90E-05 - 1.93E-05 | 2.69E-04 | 4.41E-06
Zn-69 1.81E-11 | 2.61E-11 | 2.41E-12 - 1.58E-11 | 3.84E-07 | 2.75E-06
Br-83 ' 1.28E-07 - -—- -~ -
Br-84 - 1.48E-07 - -—- -—
Br-85 - 6.84E-09 - - --- -—
Rb-86 - 5.36E-05 | 3.09E-05 --- - - 2.16E-06
Rb-88 1.52E-07 | 9.90E-08 - - - 4 66E-09
Rb-89 9.33E-08 | 7.85E-08 - - - 5.11E-10
Sr-89 . 1.62E-04 -— 4 66E-06 -t -—- 5.83E-04 | 4.52E-05
Sr-90 1.04E-02 --- 2.07E-04 -—- - '3.99E-03 | 9.28E-05
Sr-91 3.28E-08 - 1.24E-09 -—- - 1.44E-05 | 4.70E-05
Sr-92 1 3.54E-09 || - 1.42E-10 -—- -—- 6.49E-06 | 6.55E-05
Y-90 1.11E-06 2.99E-08 7.07E-05 | 7.24E-05
Y-91M 1.37E-10 - 4 98E-12 -—- 7.60E-07 | 4.64E-07
Y-91 2.47E-04 6.59E-06 --- 7.10E-04 | 4.97E-05
Y-92 5.50E-09 1.57E-10 -—- -—- 6.46E-06 | 6.46E-05
Y-93 5.04E-08 1.38E-09 --- 2.01E-05 | 1.05E-04
Zr-95 5.13E-05 | 1.13E-05 | 1.00E-05 - 1.61E-05 | 6.03E-04 | 1.65E-05
Zr-97 5.07E-08 | 7:34E-09 | 4.32E-09 1.05E-08 | 3.06E-05 | 9.49E-05
Nb-95 6.35E-06 | 2.48E-06 | 1.77E-06 - 2.33E-06 | 1.66E-04 | 1.00E-05
Mo-99 4 .66E-08 | 1.15E-08 1.06E-07. | 3.66E-05 | 3.42E-05
| Tc-99M 4 81E-13 | 9.41E-13 | 1.56E-11 --- 1.37E-11 | 2.57E-07 | 1.30E-06
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Table 11 - Inhalation Dose Factors for Child
(mrem per pCi inhaled)
Nuclide Bone Liver ‘T.Body | Thyroid Kidney - Lung GI-LLI
Tc-101 '2.19E-14 | 2.30E-14 | 2.91E-13 - 3.92E-13 | 1.58E-07 | 4.41E-09
Ru-103 7.55E-07 - 2.90E-07 -— 1.90E-06 | 1.79E-04 | 1.21E-05
Ru-105 4 13E-10 - 1.50E-10 - 3.63E-10 | 4.30E-06 | 2.69E-05
Ru-106 3.68E-05 - 4 57E-06 - 4 97E-05 | 3.87E-03 | 1.16E-04
Ag-110M | 4.56E-06 | 3.08E-06 | 2.47E-06 -— 5.74E-06 | 1.48E-03 | 2.71E-05
Te-125M | 1.82E-06 | 6.29E-07 | 2.47E-07 | 5.20E-07 - 1.29E-04 | 9.13E-06
Te-127M | 6.72E-06 | 2.31E-06 | 8.16E-07 | 1.64E-06 | 1.72E-05 | 4.00E-04 | 1.93E-05
Te-127 7.49E-10 | 2.67E-10 | 1.65E-10 | 5.30E-10 | 1.91E-09 | 2.71E-06 | 1.52E-05
Te-129M | 5.19E-06 | 1.85E-06 | 8.22E-07 | 1.71E-06 | 1.36E-05 | 4.76E-04 | 4.91E-05
Te-129 2.64E-11 | 9.45E-12 | 6.44E-12 | 1.93E-11 | 6.94E-11 | 7.93E-07 | 6.89E-06
Te-131M | 3.63E-08 | 1.60E-08 | 1.37E-08 | 2.64E-08 | 1.08E-07 | 5.56E-05 | 8.32E-05
Te-131 5.87E-12 | 2.28E-12 | 1.78E-12 | 4.59E-12 | 1.59E-11 | 5.55E-07 | 3.60E-07
Te-132 1.30E-07 | 7.36E-08 | 7.12E-08 | 8.58E-08 | 4.79E-07 | 1.02E-04 | 3.72E-05
1-130 2.21E-06 | 4.43E-06 | 2.28E-06 | 4.99E-04 | 6.61E-06 - 1.38E-06
I-131 1.30E-05 | 1.30E-05 | 7.37E-06 | 4.39E-03 | 2.13E-05 --- 7.68E-07
[-132 | 5.72E-07 | 1.10E-06 | 5.07E-07 | 5.23E-05 | 1.69E-06 --- 8.65E-07
[-133 4.48E-06 | 5.49E-06 | 2.08E-06 | 1.04E-03 | 9.13E-06 --- 1.48E-06
1-134 - 3.17E-07 | 5.84E-07 | 2.69E-07 | 1.37E-05 | 8.92E-07 - 2.58E-07
1-135 1.33E-06 | 2.36E-06 | 1.12E-06 | 2.14E-04 | 3.62E-06 - .| 1.20E-06
Cs-134. 1.76E-04 | 2.74E-04 | 6.07E-05 -—- 8.93E-05 | 3.27E-05 | 1.04E-06
Cs-136 1.76E-05 | 4.62E-05 | 3.14E-05 --- 2.58E-05 | 3.93E-06 | 1.13E-06
Cs-137 2.45E-04 | 2.23E-04 | 3.47E-05 - 7.63E-05 | 2.81E-05 | 9.78E-07
Cs-138 1.71E-07 | 2.27E-07 | 1.50E-07 - 1.68E-07 | 1.84E-08 | 7.29E-08
Ba-139 4.98E-10 | 2.66E-13 | 1.45E-11 - 2.33E-13 | 1.56E-06 | 1.56E-05
Ba-140 2:00E-05 | 1.75E-08 | 1.17E-06 - 5.71E-09 | 4.71E-04 | 2.75E-05
Ba-141 5.29E-11 | 2.95E-14 | 1.72E-12 - 2.56E-14 | 7.89E-07 | 7.44E-08
Ba-142 1.35E-11 | 9.73E-15 | 7.54E-13 - 7.87E-15 |'4.44E-07 | 7.41E-10
La-140 1.74E-Q7 | 6.08E-08 | - 2.04E-08 - - 4.94E-05 | 6.10E-05
La-142 3.50E-10 | 1.11E-10 | 3.49E-11 --- - 2.35E-06 | 2.05E-05
Ce-141 1.06E-05 | 5.28E-06 | 7.83E-07 - 2.31E-06 | 1.47E-04 | 1.53E-05
Ce-143 9.89E-08 | 5.37E-08 | 7.77E-09 --- 2.26E-08 | 3.12E-05 | 3.44E-05
Ce-144 1.83E-03 | 5.72E-04 | 9.77E-05 -— 3.17E-04 | 3.23E-03 | 1.05E-04
Pr-143 | 4.99E-06 | 1.50E-06 | 2.47E-07 - 8.11E-07 | 1.17E-04 | 2.63E-05
Pr-144 1.61E-11 | 4.99E-12 | 8.10E-13 - 2.64E-12 | 4.23E-07 | 5.32E-08
Nd-147 2.92E-06 | 2.36E-06 | 1.84E-07 -— 1.30E-06 | 8.87E-05 | 2.22E-05
| W-187 4.41E-09 | 2.61E-09 | 1.17E-09 --- - 1.11E-05 | 2.46E-05
Np-239 1.26E-07 | 8.14E-08 | 6.35E-09 --- 2.63E-08 | 1.57E-05 | 1.73E-05 |
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Table 12 - Inhalation Dose Factors for Infant
(mrem per pCi Inhaled)

CH-ODCM-0001
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Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI
H-3 - 2.63E-07 | 2.63E-07 | 2.63e-07 | 2.63E-07 | 2.63E-07 | 2.63E-07
C-14 1.89E-05 | 3.79E-06 | 3.79E-06 | 3.79E-06 | 3.79E-06 | 3.79E-06 | 3.79E-06
Na-24 7.54E-06 | 7.54E-06 | 7.54E-06 | 7.54E-06 | 7.54E-06 | 7.54E-06 | 7.54E-06
P-32 1.45E-03 | 8.03E-05 | 5.53E-05 - - -— 1.15E-05
Cr-51 -—- - 6.39E-08 | 4.11E-08 | 9.45E-09 | 9.17E-06 | 2.55E-07
Mn-54 --- 1.81E-05 | 3.56E-06 | = .- 3.56E-06 | 7.14E-04 | 5.04E-06
Mn-56 - 1.10E-09 | 1.58E-10 - 7.86E-10 | 8.95E-06 | 5.12E-05
Fe-55 1.41E-05 | 8.39E-06 | 2.38E-06 --- --- 6.21E-05 | 7.82E-07
Fe-59 9.69E-06 | 1.68E-05 | 6.77E-06 - - 7.25E-04 | 1.77E-05
Co-58 — 8.71E-07 | 1.30E-06 - -—- 5.55E-04 | 7.95E-06
Co-60 -- 5.73E-06 | 8.41E-06 - -—- 3.22E-03 | 2.28E-05
Ni-63 2.42E-04 | 1.46E-05 | 8.29E-06 - - 1.49E-04 | 1.73E-06
Ni-65 1.71E-09 | 2.03E-10 | 8.79E-11 -—- - 5.80E-06 | 3.58E-05
Cu-64 - 1.34E-09 | 5.53E-10 -—- 2.84E-09 | 6.64E-06 | 1.07E-05
Zn-65 1.38E-05 | 4.47E-05 | 2.22E-05 - 2.32E-05 | 4.62E-04 | 3.67E-05
Zn-69 3.85E-11 | 6.91E-11 | 5.13E-12 - 2.87E-11 | 1.05E-06 | 9.44E-06
Br-83 -—- - 2.72E-07 --- - - -
Br-84 --- -—- 2.86E-07 - --- - -
Br-85 -—- --- 1.46E-08 - - - - -
Rb-86 --- 1.36E-04 | 6.30E-05 -- - - 2.17E-06
Rb-88 -—- 3.98E-07 | 2.05E-07 --- - - 2.42E-07
Rb-89 - 2.29E-07 | 1.47E-07 --- - - 4.87E-08
Sr-89 2.84E-04 -—- 8.15E-06 --- - 1.45E-03 | 4.57E-05
Sr-90 1.11E-02 - 2.23E-04 - - 8.03E-03 | 9.36E-05
Sr-91 6.83E-08 - 2.47E-09 - - 3.76E-05 | 5.24E-05
Sr-92 7.50E-09 - 2.79E-10 - --- 1.70E-05 | 1.00E-04
Y-90 2.35E-06 -—- 6.30E-08 - - 1.92E-04 | 7.43E-05
Y-91M 2.91E-10 -—- 9.90E-12 - -—- 1.99E-06 | 1.68E-06
Y-91 4 20E-04 - 1.12E-05 - --- 1.75E-03 | 5.02E-05
Y-92 1.17E-08 - 3.29E-10 - --- 1.75E-05 | 9.04E-05
Y-93 1.07E-07 -—- 2.91E-09 - o= 5.46E-05 | 1.19E-04
Zr-95 8.24E-05 | 1.99E-05 | 1.45E-05 -—- 2.22E-05 | 1.25E-03 | 1.55E-05
Zr-97 1.07E-07 | 1.83E-08 | 8.36E-09 -—- 1.85E-08 | 7.88E-05 | 1.00E-04
Nb-95 1.12E-05 | 4.59E-06 | 2.70E-06 -—- 3.37E-06 | 3.42E-04 | 9.05E-06
Mo-99 -—- 1.18E-07 | 2.31E-08 - 1.89E-07 | 9.63E-05 | 3.48E-05
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Table 12 - Inhalation Dose Factors for Infant
(mrem per pCi Inhaled)

CH-ODCM-0001
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Nuclide - Bone Liver - |. T. Body Thyroid Kidney Lung GI-LLi
Tc-99M 9.98E-13 | 2.06E-12 | 2.66E-11 -—- 2.22E-11 | 5.79E-07 | 1.45E-06
Tc-101 4.65E-14 | 5.88E-14 | 5.80E-13 - 6.99E-13 | 4.17E-07 | 6.03E-07 |
Ru-103 1.44E-06 — 4 85E-07 --- 3.03E-06 | 3.94E-04 | 1.15E-05
Ru-105 8.74E-10 - 2.93E-10 --- 6.42E-10 | 1.12E-05 | 3.46E-05
Ru-106 6.20E-05 --- 7.77TE-06 --- 7.61E-05 | 8.26E-03 | 1.17E-04
Ag-110M | 7.13E-06 | 5.16E-06 | 3.57E-06 - 7.80E-06 | 2.62E-03 | 2.36E-05
Te-125M | 3.40E-06 | 1.42E-06 | 4.70E-07 | 1.16E-06 - 3.19E-04 | 9.22E-06
Te-127M | 1.19E-05 | 4.93E-06 | 1.48E-06 | 3.48E-06 | 2.68E-05 | 9.37E-04 | 1.95E-05
Te-127 1.59E-09 | 6.81E-10 | 3.40E-10 | 1.32E-09 | 3.47E-09 | 7.39E-06 | 1.74E-05
Te-129M | 1.01E-05 | 4.35E-06 | 1.59E-06 | 3.91E-06 | 2.27E-05 | 1.20E-03 | 4.93E-05
Te-129 5.63E-11 | 248E-11 | 1.34E-11 | 4.82E-11 | 1.25E-10 | 2.14E-06 | 1.88E-05
Te-131M | 7.62E-08 | 3.93E-08 | 2.59E-08 | 6.38E-08 | 1.89E-07 | 1.42E-04 | 8.51E-05
Te-131 1.24E-11 | 5.87E-12 | 3.57E-12 | 1.13E-11 | 2.85E-11 | 1.47E-06 | 5.87E-06
Te-132 2.66E-07 | 1.69E-07 | 1.26E-07 | 1.99E-07 | 7.39E-07 | 2.43E-04 | 3.15E-05
1-130 4.54E-06 | 9.91E-06 | 3.98E-06 | 1.14E-03 | 1.09E-05 - 1.42E-06
i-131 2.71E-05 | 3.17E-05 | 1.40E-05 | 1.06E-02 | .3.70E-05 - 7.56E-07
1-132 1.21E-06 | 2.53E-06 | 8.99E-07 | 1.21E-04 | 2.82E-06 --- 1.36E-06
[-133 9.46E-06 | 1.37E-05 | 4.00E-06 | 2.54E-03 | 1.60E-05 - 1.54E-06
I-134 6.58E-07 | 1.34E-06 | 4.75E-07 | 3.18E-05 | 1.49E-06 - 9.21E-07
1-135 2.76E-06 | 543E-06 | 1.98E-06 | 4.97E-04 | 6.05E-06 --- "1.31E-06
Cs-134 2.83E-04 | 5.02E-04 | 5.32E-05 --- 1.36E-04 | 5.69E-05 | 9.53E-07
Cs-136 3.45E-05 | 9.61E-05 | 3.78E-05 --- 4.03E-05 | 8.40E-06 | 1.02E-06
Cs-137 3.92E-04 | 4.37E-04 | 3.25E-05 --- 1.23E-04 | 5.09E-05 | 9.53E-07
Cs-138 3.61E-07 | 5.58E-07 | 2.84E-07 -— 2.93E-07 | 4.67E-08 | 6.26E-07
Ba-139 113.06E- | 7.03E-13 | 3.07E-11 --- 4.23E-13 | 4.25E-06 | 3.64E-05
09
Ba-140 4.00E-05 | 4.00E-08 | 2.07E-06 -—- 9.59E-09 | 1.14E-03 | 2.74E-05
Ba-141 1.12E-10 | 7.70E-14 | 3.55E-12 - 4.64E-14 | 2.12E-06 | 3.39E-06
Ba-142 2.84E-11 | 2.36E-14 | 1.40E-12 --- 1.36E-14 | 1.11E-06 | 4.95E-07"
La-140 3.61E-07 | 1.43E-07 | 3.68E-08 - --- 1.20E-04 | 6.06E-05
La-142 7.36E-10 | 2.69E-10 | 6.46E-11 - - 5.87E-06 | 4.25E-05
Ce-141 1.98E-05 | 1.19E-05 | 1.42E-06 --- 3.75E-06 | 3.69E-04 | 1.54E-05
Ce-143 2.09E-07 | 1.38E-07 | 1.58E-08 --- 4.03E-08 | 8.30E-05 | 3.55E-05
Ce-144 2.28E-03 | 8.65E-04 | 1.26E-04 - 3.84E-04 | 7.03E-03 | 1.06E-04 -
Pr-143 1.00E-05 | 3.74E-06 | 4.99E-07 --- 1.41E-06 | 3.09E-04 | 2.66E-05 |
Pr-144 3.42E-11 | 1.32E-11 | 1.72E-12 - 4. 80E-12 | 1.15E-06 | 3.06E-06
Nd-147 5.67E-06 | 5.81E-06 | 3.57E-07 - 2.25E-06 | 2.30E-04 | 2.23E-05
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Table 12 - Inhalation Dose Factors for Infant
(mrem per pCi Inhaled)

CH-ODCM-0001
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Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

W-187 9.26E-09 | 6.44E-09 | 2.23E-09 --- - 2.83E-05 | 2.54E-05

Np-239 2.65E-07 | 2.13E-07 | 1.34E-08. - 4.73E-08 | 4.25E-05 | 1.78E-05
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Table 13 - Ingestion Dose Factors for Adult
{mrem per pCi Ingested)
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Nuclide Bone Liver T. Body Thyroid - Kidney: Lung GI-LLI
H-3 - | 5.99E-08 | 5.99E-08 | 5.99E-08 | 5.99E-08 | 5.99E-08 | 5.99E-08
C-14 ‘| 2.84E-06 | 5.68E-07 | 5.68E-07 | 5.68E-07 | 5.68E-07 | 5.68E-07 | 5.68E-07
Na-24 1.70E-06 | 1.70E-06 | 1.70E-06 | 1.70E-06 | 1.70E-06 | 1.70E-06 | 1.70E-06
P-32 1.93E-04 | 1.20E-05 | 7.46E-06 -—- - - 2.17E-05
Cr-51 s - 2.66E-09 | 1.59E-09 | 5.86E-10 | 3.53E-09 | 6.69E-07
Mn-54 -- | 4.57E-06 | 8.72E-07 - 1.36E-06 --- -1.40E-05
Mn-56 - | 1.15E-07 | 2.04E-08 --- 1.46E-07 -—-- 3.67E-06
Fe-55 2.75E-06 | 1.90E-06 | 4.43E-07 - -—- | 1.06E-06 | 1.09E-06
Fe-59 - 4.34E-06 | 1.02E-05 | 3.91E-06 - - 2.85E-06 | 3.40E-05.
Co-58 - 7.45E-07 | 1.67E-06 - - --- 1.51E-05
Co-60 - 2.14E-06 | 4.72E-06 - - -— 4.02E-05
[ Ni-83 1.30E-04 | 9.01E-06 | 4.36E-06 —- - - 1.88E-06
Ni-65 5.28E-07 | 6.86E-08 | 3.13E-08 - - -—- 1.74E-06
Cu-64 - 8.33E-08 | 3.91E-08 -—- 2.10E-07 -—- 7.10E-06
Zn-65 4.84E-06 | 1.54E-05 | 6.96E-06 - 1.03E-05 - 9.70E-06
Zn-69 1.03E-08 | 1.97E-08 | 1.37E-09 - 1.28E-08 - 2.96E-09
Br-83 --- - 4.02E-08 -—- - - 5.79E-08
Br-84 --- - 5.21E-08 - -— — 4.09E-13
Br-85 -— -— 2.14E-09 -—- - -— ---
Rb-86 - 2.11E-05 | 9.83E-06 - - -—- 4.16E-06
Rb-88 --- 6.05E-08 | 3.21E-08 - —- -— 8.36E-19
Rb-89 -—- 1 4.01E-08 | 2.82E-08 - -—- -—- 2.33E-21
Sr-89 3.08E-04 - 8.84E-06 - -— - 4.94E-05
Sr-90 8.71E-03 --- 1.75E-04 - - - 2.19E-04
Sr-91 5.67E-06 - 2.29E-07 - -—- - 2.70E-05
Sr-92 2.15E-06 - 9.30E-08 - - -—- 4.26E-05
Y-90 9.62E-09 - 2.58E-10 --- -—- --- 1.02E-04
Y-91M 9.09E-11 - 3.52E-12 - - -— 2.67E-10
Y-91 1.41E-07 -—- 3.77E-09 - -— --- 7.76E-05
Y-92 8.45E-10 - 2.47E-11 - - - 1.48E-05
Y-93 2.68E-09 --- 7.40E-11 -—- -— -—- 8.50E-05
Zr-95 3.04E-08 | 9.75E-09 | 6.60E-09 -- 1.53E-08 -—- 3.09E-05
Zr-97 1.68E-09 | 3.39E-10 { 1.55E-10 - 5.12E-10 -—- -1.05E-04
Nb-95 6.22E-09 | 3.46E-09 | 1.86E-09 - 3.42E-09 - 2.10E-05
Mo-99 - 4.31E-06 | 8.20E-07 --- 9.76E-06 - - | 9.99E-06
Tc-99M 2.47E-10 | 6.98E-10 | 8.89E-09 - 1.06E-08 | 3.42E-10 | 4.13E-07
R19



FORT CALHOUN STATION
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Table 13 - Ingestion Dose Factors for Adult
(mrem per pCi Ingested)

CH-ODCM-0001
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Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

Tc-101 2.54E-10 | 3.66E-10 | 3.59E-09 -—- 6.59E-09 | 1.87E-10 | 1.10E-21
Ru-103 1.85E-07 - 7.97E-08 --- 7.06E-07 - 2.16E-05
Ru-105 1.54E-08 - 6.08E-09 --- 1.99E-07 - 9.42E-06
Ru-106 2.75E-06 --- 3.48E-07 -—- 5.31E-06 - 1.78E-04
Ag-110M | 1.60E-07 | 1.48E-07 | 8.79E-08 --- 2.91E-07 - 6.04E-05
Te-125M | 2.68E-06 | 9.71E-07 | 3.59E-07 | 8.06E-07 | 1.09E-05 --- 1.07E-05
Te-127M | 6.77E-06 | 2.42E-06 | 8.25E-07 | 1.73E-06 | 2.75E-05 - 2.27E-05
Te-127 1.10E-07 | 3.95E-08 | 2.38E-08 | 8.15E-08 | 4.48E-07 - 8.68E-06
Te-129M | 1.15E-05 | 4.29E-06 | 1.82E-06 | 3.95E-06 | 4.80E-05 --- 5.79E-05
Te-129 3.14E-08 | 1.18E-08 | 7.65E-09 | 2.41E-08 | 1.32E-07 -—- 2.37E-08
Te-131M | 1.73E-06 | 8.46E-07 | 7.05E-07 | 1.34E-06 | 8.57E-06 -—- 8.40E-05
Te-131 1.97E-08 | 8.23E-09 | 6.22E-09 | 1.62E-08 | 8.63E-08 --- 2.79E-09
Te-132 2.52E-06 | 1.63E-06 | 1.53E-06 | 1.80E-06 | 1.57E-05 - 7.71E-05
1-130 7.56E-07 | 2.23E-06 | 8.80E-07 | 1.89E-04 | 3.48E-06 — | 1.92E-06
1-131 4. 16E-06 | 5.95E-06 | 3.41E-06 | 1.95E-03 | 1.02E-05 - 1.57E-06
1-132 2.03E-07 | 5.43E-07 | 1.90E-07 | 1.90E-05 | 8.65E-07 --- 1.02E-07
i-133 142E-06 | 247E-06 | 7.53E-07 | 3.63E-04 | 4.31E-06 - 2.22E-06
1-134 1.06E-07 | 2.88E-07 | 1.03E-07 | 4.99E-06 | 4.58E-07 - 2.51E-10
1-135 4 43E-07 | 1.16E-06 | 4.28E-07 | 7.65E-05 | 1.86E-06 -—- 1.31E-06
Cs-134 6.22E-05 | 1.48E-04 | 1.21E-04 - 4.79E-05 | 1.59E-05 | 2.59E-06
Cs-136 6.51E-06 | 2.57E-05 | 1.85E-05 -— 1.43E-05 | 1.96E-06 | 2.92E-06
Cs-137 7.97E-05 | 1.09E-04 | 7.14E-05 - 3.70E-05 | 1.23E-05 | 2.11E-06
Cs-138 5.52E-08 | 1.09E-07 | 5.40E-08 --- 8.01E-08 | 7.91E-09 | 4.65E-13
Ba-139 9.70E-08 | 6.91E-11 | 2.84E-09 --- 6.46E-11 | 3.92E-11 | 1.72E-07
Ba-140 2.03E-05 | 2.55E-08 | 1.33E-06 - 8.67E-09 | 1.46E-08 | 4.18E-05
Ba-141 4.71E-08 { 3.56E-11 | 1.59E-09 - 3.31E-11 | 2.02E-11 | 2.22E-17
Ba-142 2.13E-08 | 2.19E-11 | 1.34E-09 - 1.85E-11 | 1.24E-11 | 3.00E-26
La-140 2.50E-09 | 1.26E-09 | 3.33E-10 - - --- 9.25E-05
La-142 1.28E-10 | 5.82E-11 | 1.45E-11 - - - 4.25E-07
Ce-141 9.36E-09 | 6.33E-09 | 7.18E-10 - 2.94E-09 --- 2.42E-05
Ce-143 1.65E-09 | 1.22E-06 | 1.35E-10 - 5.37E-10 -—- 4.56E-05
Ce-144 4 88E-07 | 2.04E-07 | 2.62E-08 --- 1.21E-07 --- 1.65E-04
Pr-143- | 9.20E-09 | 3.69E-09 | 4.56E-10 --- 2.13E-09 - 4.03E-05
Pr-144 3.01E-11 | 1.25E-11 | 1.53E-12 --- 7.05E-12 - 4.33E-18
Nd-147 6.29E-09 | 7.27E-09 | 4.35E-10 -—- 4 25E-09 -- 3.49E-05
W-187 1.03E-07 | 8.61E-08 | 3.01E-08 - — - 2.82E-05
Np-239 1.19E-09 | 1.17E-10 | 6.45E-11 - 3.65E-10 --- 2.40E-05
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FORT CALHOUN STATION
OFF-SITE DOSE CALCULATION MANUAL REFERENCE USE

Table 14 - Ingestion Dose Factors for Teenager

(mrem per pCi Ingested)

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI
H-3 - 6.04E-08 | 6.04E-08 | 6.04E-08 | 6.04E-08 | 6.04E-08 | 6.04E-08
C-14 4.06E-06 | 8.12E-07 | 8.12E-07 | 8.12E-07 | 8.12E-07 | 8.12E-07 | 8.12E-07
Na-24 2.30E-06 | 2.30E-06 | 2.30E-06 | 2.30E-06 | 2.30E-06 | 2.30E-06 | 2.30E-06
P-32 2.76E-04 | 1.71E-05 | 1.07E-05 - --- -—- 2.32E-05
Cr-51 -—- -— 3.60E-09 | 2.00E-09 | 7.89E-10 | 5.14E-09 | 6.05E-07
Mn-54 -—- 5.90E-06 | 1.17E-06 -—- 1.76E-06 — 1.21E-05
Mn-56 --- 1.58E-07 | 2.81E-08 -—- 2.00E-07 - 1.04E-05
Fe-55 3.78E-06 | 2.68E-06 | 6.25E-07 - --- -1.70E-06 | 1.16E-06
Fe-59 5.87E-06 | 1.37E-05 | 5.29E-06 - - 4.32E-06 | 3.24E-05
Co-58 - 9.72E-07 | 2.24E-06 - -- - 1.34E-05
Co-60 --- 2.81E-06 | 6.33E-06 = - --- 3.66E-05
Ni-63 1.77E-04 | 1.25E-05 | 6.00E-06 --- --- -—- 1.99E-06
Ni-65 7.49E-07 | 9.57E-08 | 4.36E-08 - - - 5.19E-06
Cu-64 - 1.15E-07 | 5.41E-08 - 2.91E-07 -—- 8.92E-06
Zn-65 5.76E-06 | 2.00E-05 | 9.33E-06 - 1.28E-05 - 8.47E-06
Zn-69 1.47E-08 | 2.80E-08 | 1.96E-09 - 1.83E-08 -—- 5.16E-08
Br-83 --- - 5.74E-08 - --- -—- ---
Br-84 --- --- 7.22E-08 -—- --- --- ---
Br-85 --- --- 3.05E-09 - - -—- ---
Rb-86 --- 2.98E-05 | 1.40E-05 - - -—- 4.41E-06
| Rb-88 - | 8.52E-08 | 4.54E-08 - --- --- 7.30E-15
Rb-89 - 5.50E-08 | 3.89E-08 -—- - - 8.43E-17
Sr-89 4 40E-04 - 1.26E-05 - - - 5.24E-05
Sr-90 1.02E-02 - 2.04E-04 - - - 2.33E-04
Sr-91 8.07E-06 - 3.21E-07 - --- --- 3.66E-05
Sr-92 3.05E-06 - 1.30E-07 - --- - 7.77E-05
Y-30 1.37E-08 -—- 3.69E-10 - -—- -—- 1.13E-04
Y-91M 1.29E-10 - 4.93E-12 - -—- - 6.09E-09
Y-91 2.01E-07 - 5.39E-09 - - --- ' 8.24E-05
Y-92 1.21E-09 -—- 3.50E-11 - -—- --- 3.32E-05
Y-93 3.83E-09 - 1.05E-10 - -—- --- 1.17E-04
Zr-95 4.12E-08 | 1.30E-08 | 8.94E-09 - 1.91E-08 --- 3.00E-05
Zr-97 2.37E-09 | 4.69E-10 | 2.16E-10 -—- | 7.11E-10 --- 1.27E-04
Nb-95 8.22E-09 | 4.56E-09 | 2.51E-09 - 4.42E-09 - 1.95E-05
Mo-99 --- 6.03E-06 | 1.15E-06 --- 1.38E-05 -—- 1.08E-05
Tc-99M 3.32E-10 | 9.26E-10 | 1.20E-08 - 1.38E-08 | 5.14E-10 | 6.08E-07
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Table 14 - Ingestion Dose Factors for Teenager

(mrem per pCi Ingested)

Nuciide Bone Liver T. Body Thyroid Kidney Lung Gl-LL!
Tc-101 3.60E-10 | 5.12E-10 | 5.03E-09 - 9.26E-09 | 3.12E-10 | 8.75E-17
Ru-103 2.55E-07 -—- 1.09E-07 -—- 8.99E-07 - 2.13E-05
Ru-105 2.18E-08 - 8.46E-09 --- 2.75E-07 - 1.76E-05
Ru-106 3.92E-06 --- 4 94E-07 -- 7.56E-06 --- 1.88E-04
Ag-110M | 2.05E-07 | 1.94E-07 | 1.18E-07 --- 3.70E-07 - 5.45E-05
Te-125M | 3.83E-06 | 1.38E-06. | 5.12E-07 | 1.07E-06 --- --- 1.13E-05
Te-127M | 9.67E-06 | 3.43E-06 | 1.15E-06 | 2.30E-06 | 3.92E-05 --- 2.41E-05
Te-127 | 1.58E-07 | 5.60E-08 | 3.40E-08 | 1.09E-07 | 6.40E-07 - 1.22E-05
Te-129M | 1.63E-05 | 6.05E-06 | 2.58E-06 | 5.26E-06 | 6.82E-05 -—- 6.12E-05
Te-129 4 48E-08 | 1.67E-08 | 1.09E-08 | 3.20E-08 | 1.88E-07 -—- 2.45E-07
Te-131M | 2.44E-06 | 1.17E-06 | 9.76E-07 | 1.76E-06 | 1.22E-05 - 9.39E-05
Te-131 2.79E-08 | 1.15E-08 | 8.72E-09 | 2.15E-08 | 1.22E-07 -—- 2.29E-09
Te-132 3.49E-06 | 2.21E-06 | 2.08E-06 | 2.33E-06 | 2.12E-05 --- 7.00E-05
[-130 1.03E-06 | 2.98E-06 | 1.19E-06 | 2.43E-04 | 4.59E-06 - 2.29E-06
[-131 5.85E-06 | 8.19E-06 | 4.40E-06 | 2.39E-03 | 1.41E-05 - 1.62E-06
{1-132 2.79E-07 | 7.30E-07 | 2.62E-07 | 2.46E-05 | 1.15E-06 --- 3.18E-07
I-133 2.01E-06 | 3.41E-06 | 1.04E-06 | 4.76E-04 | 5.98E-06 --- 2.58E-06
1-134 1.46E-07 | 3.87E-07 | 1.39E-07 | 6.45E-06 | 6.10E-07 --- 5.10E-09
1-135 6.10E-07 | 1.57E-06 | 5.82E-07 | 1.01E-04 | 2.48E-06 -=- 1.74E-06
Cs-134 8.37E-05 | 1.97E-04 | 9.14E-05 -—- 6.26E-05 | 2.39E-05 | 2.45E-06
Cs-136 8.59E-06 | 3.38E-05 | 2.27E-05 -—- 1.84E-05 | 2.90E-06 | 2.72E-06
Cs-137 1.12E-04 | 1.49E-04 | 5.19E-05 -—- 5.07E-05 | 1.97E-05 | 2.12E-06
'Cs-138 7.76E-08 | 1.49E-07 | 7.45E-08 --- 1.10E-07 | 1.28E-08 | 4.76E-11
Ba-139 1.39E-07 | 9.78E-11 | 4.05E-09 - 9.22E-11 | 6.74E-11 | 1.24E-06
Ba-140 2.84E-05 | 3.48E-08 | 1.83E-06 - 1.18E-08 | 2.34E-08 | 4.38E-05
Ba-141 6.71E-08 | 5.01E-11 | 2.24E-09 - 4 65E-11 | 3.43E-11 | 1.43E-13
Ba-142 2.99E-08 | 2.99E-11 | 1.84E-09 - 2.53E-11 | 1.99E-11 | 9.18E-20
La-140 3.48E-09 | 1.71E-09 | 4.55E-10 - - --- 9.28E-05
La-142 1.79E-10 | 7.95E-11 | 1.98E-11 - - - 2.42E-06
Ce-141 1.33E-08 | 8.88E-09 | 1.02E-09 --- 4.18E-09 -—- 2.54E-05
Ce-143 2.35E-09 | 1.71E-06 | 1.91E-10 --- 7.67E-10 --- 5.14E-05
Ce-144 6.96E-07 | 2.88E-07 | 3.74E-08 - 1.72E-07 - 1.75E-04
Pr-143 1.31E-08 | 5.23E-09 | 6.52E-10 -—- 3.04E-09 -- 4.31E-05
Pr-144 4 30E-11 | 1.76E-11 | 2.18E-12 -—- 1.01E-11 - 4.74E-14
| Nd-147 9.38E-09 | 1.02E-08 | 6.11E-10 - 5.99E-09 - 3.68E-05
W-187 1.46E-07 | 1.19E-07 | 4.17E-08 - --- -- 3.22E-05
Np-239 1.76E-09 | 1.66E-10 | 9.22E-11 -—- 5.21E-10 - 2.67E-05
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Table 15 - Ingestion Dose Factors for Child
: {mrem per pCi Ingested) »
Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI
H-3 - 1.16E-07 | 1.16E-07 | 1.16E-07 | 1.16E-07 | 1.16E-07 | 1.16E-07
C-14 1.21E-05 | 2.42E-06 | 2.42E-06 | 2.42E-06 | 2.42E-06 | 2.42E-06 | 2.42E-06
Na-24 5.80E-06 | 5.80E-06 | 5.80E-06 | 5.80E-06 | 5.80E-06 | 5.80E-06 | 5.80E-06
P-32 8.25E-04 | 3.86E-05 | 3.18E-05 - --- -— 2.28E-05
Cr-51 - -— 8.90E-09 | 4.94E-09 | 1.35E-09 | 9.02E-09 | 4.72E-07
Mn-54 --- 1.07E-05 | 2.85E-06 - 3.00E-06 - | 8.98E-06
Mn-56 - 3.34E-07 | 7.54E-08 - 4.04E-07 - 4 84E-05
Fe-55 1.15E-05 | 6.10E-06 | 1.89E-06 - -—- 3.45E-06 | 1.13E-06
Fe-59 1.65E-05 | 2.67E-05 | 1.33E-05 - --- 7.74E-06 | 2.78E-05
Co-58 - 1.80E-06 { 5.51E-06 - - - 1.05E-05
Co-60 - 5.29E-06 | 1.56E-05 - -—- - 2.93E-05
Ni-63 5.38E-04 | 2.88E-05 | 1.83E-05 - - -—- 1.94E-06
Ni-65 2.22E-06 | 2.09E-07 | 1.22E-07 --- - - 2.56E-05
Cu-64 --- 2.45E-07 | 1.48E-07 - 5.92E-07 --- 1.15E-05
Zn-65 1.37E-05 | 3.65E-05 | 2.27E-05 - 2.30E-05 --- 6.41E-06
Zn-69 4.38E-08 | 6.33E-08 | 5.85E-09 - 3.84E-08 - 3.99E-06
Br-83 - --- 1.71E-07 -—- - - -
Br-84 - -- 1.98E-07 -— -— - -
Br-85 -— - 9.12E-09 - -—- - -
Rb-86 - 6.70E-05 | 4.12E-05 -- - --- 4.31E-06
Rb-88 - 1.90E-07 | 1.32E-07 --- - --- 9.32E-09
Rb-89 - 1.17E-07 | 1.04E-07 - - - 1.02E-09
Sr-89 1.32E-03 - 3.77E-05 - - --- 5.11E-05
Sr-90 2.56E-02 - 5.15E-04 - - -— 2.29E-04
Sr-91 2.40E-05 - 9.06E-07 - - --- 5.30E-05
Sr-92 9.03E-06 -~- 3.62E-07 -—- - - 1.71E-04
Y-90 4 11E-08 - 1.10E-09 - - - 1.17E-04
Y-91M 3.82E-10 --- 1.39E-11 - -—- - 7.48E-07
Y-91 6.02E-07 --- 1.61E-08 - --- --- 8.02E-05
Y-92 3.60E-09 --- 1.03E-10 - - - 1.04E-04
Y-93 1.14E-08 -~ 3.13E-10 - -- --- 1.70E-04
Zr-95 1.16E-07 | 2.55E-08 | 2.27E-08 - 3.65E-08 - 2.66E-05
2r-97 6.99E-09 | 1.01E-09 | 5.96E-10 -—- 1.45E-09 - 1.53E-04
Nb-95 2.25E-08 | 8.76E-09 | 6.26E-09 - 8.23E-09 -—- 1.62E-05
Mo-99 - 1.33E-05 | 3.29E-06 - 2.84E-05 - 1.10E-05
Tc-99M 9.23E-10 | 1.81E-09 | 3.00E-08 --- 2.63E-08 | 9.19E-10 | 1.03E-06
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Table 15 - Ingestion Dose Factors for Child
(mrem per pCi Ingested)

. CH-ODCM-0001
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Nuclide - Bone Liver T.Body | Thyroid Kidney Lung GI-LL}

Tc-101 1.07E-09 | 1.12E-09 | 1.42E-08 -— 1.91E-08 | 5.92E-10 | 3.56E-09
Ru-103 7.31E-07 - 2.81E-07 - 1.84E-06 - 1.89E-05
Ru-105 6.45E-08 --- 2.34E-08 - 5.67E-07 - 4.21E-05
Ru-106 1.17E-05 - 1.46E-06 --- 1.58E-05 --- 1.82E-04
Ag-110M | 5.39E-07 | 3.64E-07 | 2.91E-07 - 6.78E-07 --- 4.33E-05
Te-125M | 1.14E-05 | 3.09E-06 | 1.52E-06 | 3.20E-06 - - 1.10E-05
Te-127M | 2.89E-05 | 7.78E-06 | 3.43E-06 | 6.91E-06 | 8.24E-05 - 2.34E-05
Te-127 4.71E-07 | 1.27E-07 | 1.01E-07 | 3.26E-07 | 1.34E-06 -—- 1.84E-05
Te-129M | 4.87E-05 | 1.36E-05 | 7.56E-06 | 1.57E-05 | 1.43E-04 -— 5.94E-05
Te-129 * | 1.34E-07 | 3.74E-08 | 3.18E-08 | 9.56E-08 | 3.92E-07 - 8.34E-06
Te-131M | 7.20E-06 | 2.49E-06 | 2.65E-06 | 5.12E-06 | 2.41E-05 --- 1.01E-04
Te-131 8.30E-08 | 2.53E-08 | 2.47E-08 | 6.35E-08 | 2.51E-07 - 4 36E-07
Te-132 1.01E-05 | 4.47E-06 | 5.40E-06 | 6.51E-06 | 4.15E-05 --- 4.50E-05
1-130 2.92E-06 | 5.90E-06 | 3.04E-06 | 6.50E-04 | 8.82E-06 - 2.76E-06
1-131 1.72E-05 | 1.73E-05 | 9.83E-06 | 5.72E-03 | 2.84E-05 --- 1.54E-06
1-132 8.00E-07 | 1.47E-06 | 6.76E-07 | 6.82E-05 | 2.25E-06 - 1.73E-06
1-133 5.92E-06 | 7.32E-06 | 2.77E-06 | 1.36E-03 | 1.22E-05 - 2.95E-06
1-134 4 19E-07 | 7.78E-07 | 3.58E-07 | 1.79E-05 | 1.19E-06 -—- 5.16E-07
1-135 1.75E-06 | 3.15E-06 | 1.49E-06 | 2.79E-04 | 4.83E-06 --- 2.40E-06
Cs-134 2.34E-04 | 3.84E-04 | 8.10E-05 --- 1.19E-04 | 4.27E-05 | 2.07E-06
Cs-136 2.35E-05 | 6.46E-05 | 4.18E-05 - 3.44E-05 | 5.13E-06 | 2.27E-06
Cs-137 3.27E-04 | 3.13E-04 | 4.62E-05 --- 1.02E-04 | 3.67E-05 | 1.96E-06
Cs-138 2.28E-07 | 3.17E-07 | 2.01E-07 - 2.23E-07 | 2.40E-08 | 1.46E-07
Ba-139 4.14E-07 | 2.21E-10 | 1.20E-08 - 1.93E-10 | 1.30E-10 | 2.39E-05
Ba-140 8.31E-05 | 7.28E-08 | 4.85E-06 - 2.37E-08 | 4.34E-08 | 4.21E-05
Ba-141 2.00E-07 | 1.12E-10 | 6.51E-09 - 9.69E-11 | 6.58E-10 | 1.14E-07
Ba-142 8.74E-08 | 6.29E-11 | 4.88E-09 --- 5.09E-11 | 3.70E-11 | 1.14E-09
La-140 1.01E-08 | 3.53E-09 | 1.19E-09 --- --- --- 9.84E-05
La-142 5.24E-10 | 1.67E-10 | 5.23E-11 - --- --- 3.31E-05
Ce-141 3.97E-08 | 1.98E-08 | 2.94E-09 - 8.68E-09 --- 2.47E-05
Ce-143 6.99E-09 | 3.79E-06 | 5.49E-10 - 1.59E-09 - 5.55E-05
Ce-144 2.08E-06 | 6.52E-07 | 1.11E-07 - 3.61E-07 --- 1.70E-04
Pr-143 3.93E-08 | 1.18E-08 | 1.95E-09 - 6.39E-09 --- 4 24E-05
Pr-144 1.29E-10 | 3.99E-11 | 6.49E-12 - 2.11E-11 --- 8.59E-08
Nd-147 2.79E-08 | 2.26E-08 | 1.75E-09 -—- 1.24E-08 - 3.58E-05
W-187 4.29E-07 | 2.54E-07 | 1.14E-07 -—- - --- 3.57E-05
Np-239 ‘| 5.25E-09 | 3.77E-10 | 2.65E-10 --- 1.09E-09 . - 2.79E-05
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{mrem per pCi Ingested)
Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI
H-3 ——- 1.76E-07 | 1.76E-07 | 1.76E-07 | 1.76E-07 .| 1.76E-07 | 1.76E-07
C-14 2.37E-05 | 5.06E-06 | 5.06E-06 | 5.06E-06 | 5.06E-06 | 5.06E-06 | 5.06E-06
Na-24 1.01E-05 | 1.01E-05 | 1.01E-05 | 1.01E-05 | 1.01E-05 | 1.01E-05 | 1.01E-05 |
P-32 1.70E-03 | 1.00E-04 | 6.59E-05 --- -—- --- 2.30E-05
Cr-51 --- - 1.41E-08 | 9.20E-09 | 2.01E-09 | 1.79E-08 | 4.11E-07
Mn-54 - 1.99E-05 | 4.51E-06 -—- 4.41E-06 -~ | 7.31E-06
Mn-56 --- | 8.18E-07 | 1.41E-07 -—- 7.03E-07 - 7.43E-05
Fe-55 1.39E-05 | 8.98E-06 | 2.40E-06 - - 4.36E-06 { 1.14E-06
Fe-59 3.08E-05 | 5.38E-05 | 2.12E-05 -—- - 1.59E-05 | 2.57E-05
Co-58 - 3.60E-06 | 8.98E-06 --- - - 8.97E-06
Co-60 -—- 1.08E-05 | 2.55E-05 --- - --- 2.57E-05
Ni-63 6.34E-04 | 3.92E-05 | 2.20E-05 - --- - 1.95E-06
Ni-65 470E-06 | 5.32E-07 | 2.42E-07 --- --- - 4.05E-05
Cu-64 -—- 6.09E-07 | 2.82E-07 --- 1.03E-06 --- 1.25E-05
Zn-65 1.84E-05 | 6.31E-05 | 2.91E-05 --- 3.06E-05 - 5.33E-05
Zn-69 9.33E-08 | 1.68E-07 | 1.25E-08 -—- 6.98E-08 --- 1.37E-05
Br-83 --- - 3.63E-07 - - -—- -
Br-84 --- - 3.82E-07 -—- - --- -
Br-85 --- - 1.94E-08 --- - --- -
Rb-86 - 1.70E-04 | 8.40E-05 - -—- -—- 4.35E-06
Rb-88 -—- 4 98E-07 | 2.73E-07 -— - -—- 4.85E-07
Rb-89 --- 2.86E-07 | 1.97E-07 -—- - -—- 9.74E-08
Sr-89 2.51E-03 - 7.20E-05 em - --- '5.16E-05
Sr-90 2.83E-02 e 5.74E-04 - - - 2.31E-04
Sr-91 5.00E-05 --- 1.81E-06 --- - - 5.92E-05
Sr-92 1.92E-05 --- 7.13E-07 --- - --- 2.07E-04
Y-90 8.69E-08 - 2.33E-09 -—- - - 1.20E-04
Y-91M 8.10E-10 - 2.76E-11 - - - 2.70E-06
Y-91 1.13E-06 - 3.01E-08 - - -—- 8.10E-05
Y-92 7.65E-09 - 2.15E-10 - - - 1.46E-04
Y-93 2.43E-08 - 6.62E-10 - - - 1.92E-04
Zr-95 2.06E-07 | 5.02E-08 | 3.56E-08 - 5.41E-08 --- 2.50E-05
Z2r-97 1.48E-08 | 2.54E-09 | 1.16E-09 - 2.56E-09 --- 1.62E-04
Nb-95 4.20E-08 | 1.73E-08 | 1.00E-08 - 1.24E-08 - 1.46E-05
Mo-99 --- 3.40E-05 | 6.63E-06 - 5.08E-05 | - 1.12E-05
Tc-99M 1.92E-09 | 3.96E-09 | 5.10E-08 --- 4.26E-08 | 2.07E-09 | 1.15E-06
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Table 16 - lngeétion Dose Factors for Infant

(mrem per pCi Ingested)

Nuciide Bone Liver: T. Body Thyroid Kidney Lung GI-LLI

Tc-101 2.27E-09 | 2.86E-09 | 2.83E-08 --- 3.40E-08 | 1.56E-09 | 4.86E-07
Ru-103 1.48E-06 --- 4 95E-07 --- 3.08E-06 - 1.80E-05
Ru-105 1.36E-07 --- 4.58E-08 - 1.00E-06 - - 5.41E-05
Ru-106 2.41E-05 - 3.01E-06 - 2.85E-05 ~-- 1.83E-04
Ag-110M | 9.96E-07 | 7.27E-07 | 4.81E-07 --- 1.04E-06 - 3.77E-05
Te-125M | 2.33E-05 | 7.79E-06 | 3.15E-06 | 7.84E-06 --- - 1.11E-05
Te-127M | 5.85E-05 | 1.94E-05 | 7.08E-06 | 1.69E-05 | 1.44E-04 --- 2.36E-05
Te-127 1.00E-06 | 3.35E-07 | 2.15E-07 | 8.14E-07 | 2.44E-06 -—- 2.10E-05
Te-129M | 1.00E-04 | 3.43E-05 | 1.54E-05 | 3.84E-05 | 2.50E-04 --- '5.97E-05
Te-129 | 2.84E-07 | 9.79E-08 | 6.63E-08 | 2.38E-07 | 7.07E-07 - 2.27E-05
Te-131M | 1.52E-05 | 6.12E-06 | 5.05E-06 | 1.24E-05 | 4.21E-05 --- 1.03E-04
Te-131 1.76E-07 .| 6.50E-08 | 4.94E-08 | 1.57E-07 | 4.50E-07 --- 7.11E-06
Te-132 2.08E-05 | 1.03E-05 | 9.61E-06 | 1.52E-05 | 6.44E-05 --- 3.81E-05
[-130 6.00E-06 | 1.32E-05 | 5.30E-06 | 1.48E-03 | 1.45E-05 --- 2.83E-06
1-131 3.59E-05 | 4.23E-05 | 1.86E-05 | 1.39E-02 | 4.94E-05 -—- 1.51E-06
1-132 1.66E-06 | 3.37E-06 | 1.20E-06 | 1.58E-04 | 3.76E-06 - 2.73E-06
1-133 1.25E-05 | 1.82E-05 | 5.33E-06 | 3.31E-03 | 2.14E-05 - 3.08E-06
1-134 8.69E-07 | 1.78E-06 | 6.33E-07 | 4.15E-05 | 1.99E-06 --- 1.84E-06
1-135 3.64E-06 | 7.24E-06 | 2.64E-06 | 6.49E-04 | 8.07E-06 - 2.62E-06
Cs-134 3.77E-04 | 7.03E-04 | '7.10E-05 --- 1.81E-04 | 7.42E-05 | 1.91E-06
Cs-136 4 59E-05 | 1.35E-04 | 5.04E-05 - 5.38E-05 | 1.10E-05 | 2.05E-06
Cs-137 5.22E-04 | 6.11E-04 | 4.33E-05 - 1.64E-04 | 6.64E-05 | 1.91E-06
Cs-138 4.81E-07 | 7.82E-07 | 3.79E-07 --- 3.90E-07 | 6.09E-08 | 1.25E-06
Ba-139 8.81E-07 | 5.84E-10 | 2.55E-08 -—- 3.51E-10 | 3.54E-10 | 5.58E-05
Ba-140 1.71E-04 | 1.71E-07 | 8.81E-06 --- 4.06E-08 | 1.05E-07 | 4.20E-05
Ba-141 4.25E-07 | 2.91E-10 | 1.34E-08 - 1.75E-10 | 1.77E-10 | 5.19E-06
Ba-142 1.84E-07 | 1.53E-10 | 9.06E-09 - 8.81E-11 | 9.26E-11 | 7.59E-07
La-140 2.11E-08 | 8.32E-09 | 2.14E-09 --- - --- 9.77E-05
La-142 1.10E-09 | 4.04E-10 | 9.67E-11 --- --- --- 6.86E-05
Ce-141 7.87E-08 | 4.80E-08 | 5.65E-09 --- 1.48E-08 - 2.48E-05
Ce-143 1.48E-08 | 9.82E-06 | 1.12E-09 - 2.86E-09 -- 5.73E-05
Ce-144 2.98E-06 | 1.22E-06 | 1.67E-07 --- 4.93E-07 -—- 1.71E-04
Pr-143 8.13E-08 | 3.04E-08 | 4.03E-09 - 1.13E-08 --- 4.29E-05
Pr-144 2.74E-10 | 1.06E-10 | 1.38E-11 - - 3.84E-11 -- 4.93E-06
Nd-147 5.53E-08 | 5.68E-08 | 3.48E-09 --- 2.19E-08 - 3.60E-05
W-187 9.03E-07 | 6.28E-07 | 2.17E-07 --- --- -—- 3.69E-05
Np-239 1.11E-08 | 9.93E-10 | 5.61E-10 - 1.98E-09 --- 2.87E-05

R19




FORT CALHOUN STATION

OFF-SITE DOSE CALCULATION MANUAL REFERENCE USE

.CH-ODCM-0001
PAGE 123 OF 125

Table 17 - Recommended Values for Other Parameters

| pasture.

Parameter : _
Symbol Definition Values
fq Fraction of ingested produce grown in garden of | 0.76
interest. : o
f, Fraction of leafy vegetables grown in garden of | 1.0
. interest. : ' : o
P | Effective surface density of soil (assumes a 240 kg/m*
15 cm plow layer, expressed in dry weight)
r Fraction of deposited activity retained on crops, |0.25
leafy vegetables, or pasture grass 1.0 (iodines)
~ : 0.2 (other particulates)
St Attenuation factor accounting for shielding 0.7 (maximum individual)
provided by residential structures 0.5 (general population)
to Period of long-term buildup for activity in . 1.31x10° hr
sediment or soil (nominally 15 years) : _
te Period of crop, leafy vegetable, or pasture grass | 30 days (grass-cow-milk-man
exposure during growing season pathway)
' 60 days (crop/vegetation-man
pathway)
t Transport time from animal feed-milk-man 2 days (maximum individual)
provided by residential structures 4 days (general population)
th Time delay between harvest of vegetation or
crops and ingestion: 4 _
. For ingestion of forage by animals Zero (pasture grass)
_ ' 90 days (stored feed)
o For ingestion of crops by man 1 day (leafy vegetables and
’ max. individual feed)
60 days (produce and max.
individual)
14 days (general population)
fs The fraction of daily feed that is pasture grass | 1.0
while the animals graze on pasture.
M, The mixing ratio at the point of withdrawal of Site Discharge 7.14
, drinking water. M.U.D. Intake 30.8
fo Fraction of the year that animals graze on ‘

0.5
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Table 17-- Recommended Values for Other Parameters

Parameter
Symbol Definition Values
tp Environmental transit time, release to receptor | 12 hrs. (maximum)

(add time from release to exposure individual
point to minimums shown for distribution)

1 day (maximum individual)

1 day (general population)

7 days (population--sport fish
doses)

10 days (population--
commercial fish doses)

ts Average time from slaughter of meat animal to | 20 days
consumption _ ,
Yy Agricultural productivity by unit area (measured | 0.7 kg/m? (grass-cow-milk-man
: in wet weight) ' pathway)
: 2.0 kg/m? (produce or leafy
vegetable ingested by man)
W Shore-width factor for river shoreline” 0.2 '
Aw Rate constant for removal of activity on plant or |0.0021 hr’

leaf structures by weathering (corresponds to a
14-day half-life)
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Table 18 - Estimated Doses Received by the General Public from On-Site Exposure

NOTE: The Dose Estimates are based on normal public activities conducted within the Fort
Calhoun Station Site Boundary.

Estimated individual Dose Estimated Total Combined
Distance Rate (mR/hour) Annual Dose (mRem)?
from Direct Inhalation Direct Inhalation
. Containment Exposure (Critical Exposure (Critical
Location Direction (miles) (Total Body) Organ') (Total Body) Organ')
Firing Range 200° 0.24 4.08E-05 9.67E-06 5.08E+00 1.20E+00
Burn Pad 241° 0.33 1:95E-05 4 63E-06 1.41E-01 3.34E-02
On-Site Farming 118° 0.52 2.12E-05 5.03E-06 2.38E-02- 5.64E-03
On-Site Farming 200° 0.51 1.03E-05 2.45E-06 2.30E-02 5.50E-03
On-Site Farming 308° 0.50 | 277E-05 6.64E-06 4 66E-02 - 1.12E-02
Site Maintenance . ‘ : - '
Admin Bldg 145° 0.20 1.18E-04 2.84E-05 '5.50E-02 1.33E-02
Site Maintenance '
Training Center 180° 0.20 1.45E-04 | 3.50E-05 6.78E-02 © 1.64E-02

1 Critical organ doses are based on adult thyroid.
2 Estimated totals are based on summation of all individual doses for members of the General
Public while within the Fort Calhoun Station site boundary.
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ATTACHMENT 2

JOINT FREQUENCY DISTRIBUTION WIND DIRECTION VS. WIND SPEED
BY STABILITY CLASS AND METEOROLOGICAL DATA

(Regulatory Guide 1.21)

January 1, 2008 - December 31, 2008
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JOINT FREQUENCY DISTRIBUTION WIND DIRECTION VS WIND SPEED BY
STABILITY CLASS AND METEOROLCGICAL DATA

A

Meteorological Data Recovery

Data availability from the on-site weather tower for the period

January 1, 2008 through December 31, 2008 was less than the previous
12 months. The regulatory guide recovery was met with a cumulative
recovery rate of 94.68% from the meteorological tower with the remaining
5.32% provided by the National Weather Service. The following table is a
summary of the parameters and their respective recovery rates for the
period. ‘

Hourly meteorological data used to replace missing tower data for the
period January 1, 2008 through December 31, 2008 originated at Eppley
Airfield Weather Station, a branch of the National Weather Service. The
hourly data was treated in accordance with monthly correction factors and
a proceduralized Pasquill-Turner transformation which utilizes solar angle,
time of day, cloud cover, and wind speed to determine the Pasquill Class.

The tabulations of the Weather Tower Data for the period January 1, 2008
through December 31, 2008 look appropriate for the season indicated.
The Pasquill Classes observed for the twelve-month period are detailed
below.

Pasquill S , ‘
Class A B C D E F G Total
% Obs. 1643 552 494 3087 2633 948 642 . 100

On the basis of the data and its cross-checks, the weather data as
amended is completely valid for use in tabulating reactor vent releases.
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Omaha Public Power District
Fort Calhoun Nuclear Station
JOINT FREQUENCY DISTRIBUTION BY EVENTS
EXTREMELY UNSTABLE (delta T/ delta z < -1.9)
PERIOD OF RECORD: JAN 2008 - DEC 2008
PASQUILL A
VIND SPEED {(mph) AT 10-m LEVEL

Wind 1.0- 4.0- 8.0- 13.0- 19.0-

Direct 3.9 7.9 12.9 18.9 24.0 +24.0 Total
N 21 103 30 1 0 0 159
NNE 22 32 3 0 0 0 57
NE 9 29 4 0 0 0 42
ENE 19 21 0 0 0 0 40
E 10 42 4 0 0 0 56
ESE 6 31 15 0 0 0] 52
SE 4 18 44 44 3 0 113
SSE 3 22 65 68 6 0 le4
S 4 25 54 33 3 4 123
SSW 9 39 57 23 0 0 128
SW 9 43 15 8 1 0 76
WSW 9 33 9 0 0 0 51
W 16 19 1 0 0 0 36
WNW 13 34 1 0 0 0 48
NW 8 28 31 11 0 0 . 78
NNW 18 82 106 14 0 0 220
Total 180 601 .439 202 13 4 1439

Number of Calms 4
Number of Invalid Hours O
Number. of Valid Hours 1443
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Omaha Public Power District
Fort Calhoun Nuclear Station
JOINT FREQUENCY DISTRIBUTION BY EVENTS
MODERATELY UNSTABLE (-1.9 <= delta T/ delta z <= -1.7)
PERIOD OF RECORD: JAN 2008 - DEC 2008
PASQUILL B
WIND SPEED {(mph) AT 10-m LEVEL

wind 1.0- 4.0- 8.0- 13.0- 19.0-

Direct 3.9 7.9 12.9 18.9 24.0 +24.0 Total
N 5 29 5 0 0 -0 41
NNE 6 13 2 0 0 0 21
NE 12 6 0 0 0 0 18
ENE 8 6 0 0 0 0 14
E 5 17 1 0 0 0 23
ESE 4 19 4 4 0 0 31
SE 4 S 14 13 5 0 45
SSE 3 3 12 11 2 0 31
S 3 S 20 9 3 1 45
SSW 0 S 7 5 0 0 17
SW 0 12 5 2 0 0 19
WSW 3 4 3 0 0 0 10
W 2 6 1 0 0 0 9
WNW 1 4 5 0 0 -0 10
NW 6 7 18 11 0 0 42
NNW 2 34 64 9 0 0 109
Total 64 183 161 64 10 1 483

Number of Calms 2
Number of Invalid Hours 0
Number of Vvalid Hours 485
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Omaha Public Power District
Fort Calhoun Nuclear Station
"JOINT FREQUENCY DISTRIBUTION BY EVENTS
SLIGHTLY UNSTABLE (-1.7 < delta T/ delta z <= -1.5)
PERIOD OF RECORD: JAN 2008 - DEC 2008
' PASQUILL C .
WIND SPEED (mph) AT 10-m LEVEL

wind - 1.0- 4.0- 8.0- 13.0- 19.0-

Direct 3.9 7.9 12.9 18.9 24.0 +24.0 Total
N 5 27 20 0 0 0 52
NNE 8 8 2 0 0 0 18
NE 4 5 0 0 0 0 9
ENE 5 5 4 0 0 0 14
E 1 8 3 1 0 0 13
ESE 4 11 6 3 0 0 25
SE 4 12 9 9 0 0 35
SSE 2 15 18 10 1 0 47
S 1. 3 23 6 1 0 34
SSW 2 4 8 5 1 0 20
SW 2 7 4 1 0 0 14
WSW 2 2 1 0 0 0 5
W 3 4 4 0 0 0 11
WNW 4 8 5 0 0 0 17
NW 5 10 8 12 0 0 35
NNW 10 31 39 5 0 0 85
Total 62 160 154 52 3 0 431

Number of Calms 3
Number of Invalid Hours O
Number of Valid Hours 434
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Omaha Public. Power District
Fort Calhoun Nuclear Station
JOINT FREQUENCY DISTRIBUTION BY EVENTS
NEUTRAL (-1.5 < delta T/ delta .z <= -0.5)
PERIOD OF RECORD: JAN 2008 - DEC 2008
- PASQUILL D
WIND SPEED (mph) AT 10-m LEVEL

Wind  1.0- 4.0- 8.0- 13.0- 19.0-

Direct 3.9 7.9 12.9. 18.9 24.0 +24.0 Total
N 50 81 46 5 0 0 189
NNE 23 - 31 9 1 0 0 64
NE 28 33 5 0 0 0 66
ENE 25 40 18 1 0 (VI 84
E 20 67 47 10 0 0 144
ESE 25 66 49 11 0 0 151
SE 16 87 73 38 2 1. 217
SSE 11 80 149 98 15 1 354
S 16 33 87 75 13 1 225
SSW 12 24 27 9 4 1 77
SW 16 34 27 12 1 0 90
WSW 18 20 5 1 0 0 44
W 20 25 1 0 0 0 46
WNW 24 34 16 6 1 0 81
NW 22 84 129 39 0 0 275
NNW 50 222 269 57 3 0 605
Total 376 961 957 363 39 4 2700

Number of Calms 12
Number of Invalid Hours O
Number of VvValid Hours 2712
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Omaha Public Power District
Fort Calhoun Nuclear Station
JOINT FREQUENCY DISTRIBUTION BY EVENTS
SLIGHTLY STABLE (-0.5 < delta T/ delta z <= 1.5)
PERIOD OF RECORD: JAN 2008 - DEC 2008
PASQUILL E .
WIND SPEED (mph) AT 10-m LEVEL

wind - 1.0- 4.0- 8§.0- 13.0- 19.0-

Direct 3.9 7.9 12.9 18.9 24.0 +24.0 Total
N 30 14 9 0 0 0 54
NNE 21 8 5 0 0 0 34
NE 27 7 0 0 0 0 35
ENE 32 9 0 0 0 0 42
E 33 28 8 1 0 0 70
ESE 43 85 21 9 0 0 - 158
SE 76 167 96 14 3 0 356
SSE 28 93 172 47 8 0 350
S 31 48 118 41 9 0 247
SSW 30 28 35 17 1 0 112
SW 25 18 18 19 2 0 83
WSW 39 23 12 1 0 0 77
W 47 34 3 0 0 0 88
WNW 73 54 9 0 0 0 137
NW 68 104 40 13 1 0 226
NNW 54 119 59 10 0 0 244
Total 657 839 605 172 24 0 2297

Number of Calms 16
Number of Invalid Hours O
Number of VvValid Hours 2313
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Omaha Public Power District
Fort Calhoun Nuclear Station
JOINT FREQUENCY DISTRIBUTION BY EVENTS
MODERATELY STABLE (1.5 < delta T/ delta z <= 4.0) -
PERIOD OF RECORD: JAN 2008 - DEC 2008
. ) PASQUILL F
WIND SPEED (mph) AT 10-m LEVEL

Wind 1.0- 4.0- 8.0- 13.0- 19.0-

Direct 3.9 7.9 12.9 18.9 24.0 +24.0 Total
N 12 7 0 0 0 0 20
NNE 10 0 0 0 0 0 11
NE 10 0 0 0 0 0 11
ENE 16 1 0 o 0 0 17
E 28 3 0 0 0 0 32
ESE 39 21 1 0 0 0 62
SE 54 92 22 1 0 0 170
SSE 38 36 6 0 0 0 82
S 32 27 3 0 0 0 62
SSW 28 13 15 2 1 0 61
SW 15 9 10 2 0 0 37
WSW 20 4 0 0 0 0 28
W 37 9 0 0 0 ¢] 49
WNW 89 6 0 0 0 0 99
NW 62 12 0 0 0 0 77
NNW 13 1 0 0 6] 0 15
Total 503 241 57 5 1 0 807

Number of Calms 26
Number of Invalid Hours O
Number of Valid Hours 833
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Omaha Public Power District
Fort Calhoun Nuclear Station
JOINT FREQUENCY DISTRIBUTION BY EVENTS
EXTREMELY STABLE (delta T/ delta z > 4.0)
PERIOD OF RECORD: JAN 2008 - DEC 2008
PASQUILL G
WIND SPEED (mph) AT 10-m LEVEL

Wind 1.0- 4.0- 8.0- 13.0- 19.0-

Direct 3.9 7.9 12.9 18.9 24.0 +24.0 Total
N 11 0 0 0 0 0 18
NNE 10 0 0 0 0 0 11
NE 9 1 0 0 0 0 -10
ENE 23 0 0 0 0 0 24
E 25 0 0 0 0 0 26
ESE 65 8 0 0 0 0 76
SE 76 22 4 0 0] 0 103
SSE 49 1 0 0 0 0 52
S 44 9 0 0 0 0 57
SSW 27 9 6 0 0 0 46
SW 21 2 0 0 0 0 27
WSW 14 1l 0 0] 0 -0 19
1) 22 1 0 0 0 0 28.
WNW 30 0 0 0] 0 0 33
Nw 17 0 0 0] 0 0 18
NNW 10 0 0 0 0 0 16
Total 453 54 10 0 0 0 517

Number of Calms 47
Number of Invalid Hours O
Number of Valid Hours 564

Hours Accounted For: 8784
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Omaha Public Power District
Fort Calhoun Nuclear Station
JOINT FREQUENCY DISTRIBUTION BY PERCENT
EXTREMELY UNSTABLE (delta T/ delta z < -1.9)
PERIOD OF RECORD: JAN 2008 - DEC 2008

WIND
Wind 1.0- 4.
Direct 3.9 7
N 0.24 1
NNE 0.25 0
NE 0.10 0.
ENE 0.22 0.
E 0.11 0.
ESE 0.07 0
SE 0.05 0
SSE 0.03 0
S 0.05 0
SSW 0.10 0.
SW 0.10 0.
WSW 0.10 0.
W 0.18 0.
WNW 0.15 0.
NW 0.09 0
NNW 0.20 0
Total 2.05 6

Percent of Calms

PASQUILL A
SPEED (mph)- AT 10-m LEVEL

0- 8.0- 13.0- 19.0-

9 12.9 18.9 24.0 +24.0 Total
.17 -0.34 0.01 0.00 0.00 1.81
.36 0.03 0.00 0.00 0.00 0.65
33 0.05 0.00 0.00 0.00 0.48
24 0.00 0.00 0.00 0.00 0.46
48 0.05 0.00 0.00 0.00 0.64
.35 0.17 0.00 0.00 0.00 0.59
.20 0.50 0.50 0.03 0.00 1.29
.25 0.74 0.77 0.07 0.00. 1.87
.28 0.61 0.38 0.03 0.05 1.40
44 0.65 0.26 0.00 0.00 1.46
49 0.17 0.09 0.01 0.00 0.87
38 0.10 0.00 0.00 0.00 0.58
22 0.01 0.00 0.00 0.00 0.41
39 0.01 0.00 0.00 0.00 0.55
.32 0.35 0.13 0.00 0.00 0.88
.93 1.21 0.16 0.00 0.00 2.50
84 5.00 2.30 0.15 0.05 16.38

0.05

Percent of Invalid Hours ‘'0.00
Percent of Valid Hours 16.43
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Omaha Public Power District
Fort Calhoun Nuclear Station
JOINT FREQUENCY DISTRIBUTION BY PERCENT
MODERATELY UNSTABLE (-1.9 <= delta T/ delta z <= -1.7)
PERIOD OF RECORD: JAN 2008 - DEC 2008
PASQUILL B
WIND SPEED (mph} AT 10-m LEVEL

wind 1.0- 4.0- 8.0- 13.0- 19.0-

Direct 3.9 7.9 12.9 18.9 24.0 " +24.0 Total
N ~0.06 0.33 0.06 0.00 0.00 0.00 0.47
NNE '0.07 0.15 0.02 0.00 0.00 0.00 0.24
NE 0.14 0.07 0.00 0.00 0.00 0.00 0.20
ENE 0.09 0.07 0.00 0.00 0.00 0.00 0.16
E | 0.06 0.19 0.01 0.00 0.00 0.00 0.26
ESE 0.05" 0.22 0.05 0.05 0.00 0.00 0.35
SE 0.05 0.10 0.16 0.15 0.06 0.00 0.51
SSE 0.03 0.03 0.14 0.13 0.02 0.00 0.35
S 0.03 0.10 0.23 0.10 0.03 0.01 0.51
SSW 0.00 0.06 0.08 0.06 0.00 0.00 0.19
SW 0.00 0.14 0.06 0.02 0.00 0.00 0.22
WSW 0.03 0.05 0.03 0.00 0.00 0.00 0.11
W 0.02. 0.07 0.01 0.00 0.00 0.00 0.10
WNW 0.01 0.05 0.06 0.00 0.00- 0.00 0.11
NW 0.07 0.08 0.20 0.13 0.00 0.00 0.48
NNW 0.02 0.39 0.73 0.10 0.00 0.00 1.24
Total 0.73 2.08 1.83 0.73 0.11 0.01 5.50

Percent of Calms 0.02 .
Percent of Invalid Hours 0.00
Percent of Valid Hours 5.52
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Omaha Public Power District
Fort Calhoun Nuclear Station
JOINT FREQUENCY DISTRIBUTION BY PERCENT
SLIGHTLY UNSTABLE (-1.7 < delta T/ delta z <= -1.5)
PERIOD OF RECORD: JAN 2008 - DEC 2008
PASQUILL C ,
WIND SPEED (mph) AT 10-m LEVEL

wWind 1.0- 4.0- 8.0- 13.0- 19.0- i

Direct 3.9 7.9 12.9 18.9 24.0  +24.0 | Total
N 0.06 0.31 0.23. 0.00 0.00 0.00 0.59
NNE 0.09 0.09 0.02 0.00. " 0.00 0.00 0.20
NE 0.05 0.06 0.00 0.00 0.00 0.00 0.10
ENE 0.06 0.06 0.05 0.00 0.00 0.00 0.16
E 0.01 0.09 0.03 0.01 0.00 0.00 0.15
ESE 0.05 0.13 0.07 0.03 0.00 0.00 0.28
SE 0.05 ©~ 0.14 0.10 0.10 '0.00 0.00 0.40
SSE 0.02 0.17 0.20 0.11 0.01 0.00 0.54
S 0.01 0.03 0.26 0.07 0.01 0.00 0.39
SSW 0.02 0.05 0.09 0.06 0.01 0.00 0.23
SW 0.02 0.08 0.05 0.01 0.00 0.00 0.16
WSW 0.02 0.02 - 0.01 0.00 0.00 0.00. 0.06
W 0.03 0.05 0.05 0.00 - - 0.00 0.00 0.13
WNW 0.05 0.09° 0.06 0.00 0.00 0.00. 0.19
NW 0.06 0.11 0.09 0.14 0.00 0.00 0.40
NNW 0.11 @ 0.35 0.44 0.06 0.00 0.00 0.97
Total 0.71 1.82 1.75 0.59 0.03 0.00 4.91

Percent of Calms 0.03
Percent of Invalid Hours 0.00
Percent of Valid Hours 4 .94
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Omaha Public Power District
. Fort Calhoun Nuclear Station
JOINT FREQUENCY DISTRIBUTION BY PERCENT
NEUTRAL (-1.5 < delta T/ delta z <= -0.5)
PERIOD OF RECORD: JAN 2008 - DEC 2008
. PASQUILL D
WIND SPEED (mph) AT 10-m LEVEL

Wind 1.0- 4.0- 8.0- 13.0- 19.0-

Direct 3.9 7.9 12.9 18.9 24.0 +24.0 Total
N 0.57 0.92 0.52 0.086 0.00 0.00 2.15
NNE 0.26 0.35 0.10 0.01 0.00 0.00 0.73
NE 0.32 0.38 0.06 0.00 0.00 0.00 0.75
ENE 0.28 0.46 0.20 0.01 0.00 0.00 0.96
E 0.23 0.76 0.54 0.11 0.00 0.00 1.64
ESE 0.28 0.75 0.56 0.13 0.00 0.00 1.72
SE 0.18 0.99 0.83 0.43 0.02 0.01 2.47
SSE 0.13 0.91 1.70 1.12 0.17 0.01 4.03
S 0.18 0.38 0.99 0.85 0.15 0.01 2.56
SSW 0.14 0.27 0.31 0.10 0.05 0.01 0.88
SW 0.18 0.39 0.31 0.14 0.01 0.00 1.02
WSW 0.20 0.23 0.06 0.01 0.00 0.00 0.50
W 0.23 0.28 0.01 0.00 " o0.00 0.00 0.52
WNW 0.27 0.39 0.18 0.07 0.01 0.00 0.92
NW 0.25 0.96 1.47 0.44 0.00 0.00 3.13
NNW 0.57 2.53 3.06 0.65 0.03 0.00 6.89

Percent of Calms 0.14
Percent of Invalid Hours 0.00
Percent of Valid Hours 30.87
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Omaha Public Power District
Fort Calhoun Nuclear Station
JOINT FREQUENCY DISTRIBUTION BY PERCENT
SLIGHTLY STABLE (-0.5 < delta T/ delta z <= 1.5)
PERIOD OF RECORD: JAN 2008 - DEC 2008
PASQUILL E
WIND SPEED (mph) AT 10-m LEVEL

Wind 1.0- 4.0- 8.0- 13.0- 19.0-

Direct 3.9 7.9 12.9 18.9 24.0 +24.0 Total
N 0.34 0.16 0.10 0.00 0.00 0.00 0.61
NNE 0.24 0.09 0.06 0.00 0.00 0.00 0.39
NE . 0.31 0.08 0.00 0.00 0.00 0.00 0.40
ENE 0.36 0.10 0.00 0.00 0.00 0.00 0.48
E 0.38 0.32 0.09 0.01 0.00 0.00 0.80
ESE 0.49 0.97 0.24 0.10 0.00 0.00 1.80
SE 0.87 1.90 1.09 0.16 0.03 0.00 4.05
SSE 0.32 1.06 1.96 0.54 0.09 0.00 3.98
S 0.35 0.55 1.34 0.47 0.10 0.00 2.81
SSW 0.34 0.32 0.40 0.19 0.01 0.00 1.28
SW 0.28 0.20 0.20 0.22 0.02 0.00 0.94
WSW 0.44 0.26 0.14 0.01 0.00 0.00 0.88
W 0.54 0.39 0.03 0.00 0.00 0.00 '1.00
WNW 0.83 0.61 0.10 0.00 0.00 0.00 1.56
NW 0.77 1.18 0.46 0.15 0.01 0.00 2.57
NNW 0.61 1.35 0.67 0.11 0.00 0.00 2.78
Total 7.48 9.55 6.89 1.96 0.27 0.00 26.15

Percent of Calms 0.18
Percent of Invalid Hours 0.00
Percent of Valid Hours 26.33
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Omaha Public Power District
v Fort Calhoun Nuclear Station
JOINT FREQUENCY DISTRIBUTION BY PERCENT
MODERATELY STABLE (1.5 < delta T/ delta z <= 4.0)
PERIOD OF RECORD: JAN 2008 - DEC 2008 -
. . PASQUILL F
WIND SPEED (mph) AT 10-m LEVEL

Wind . 1.0- 4.0- 8.0- 13.0- 19.0-

Direct 3.9 7.9 12.9 18.9 24.0 +24.0 Total
N 0.14 0.08 0.00 0.00 0.00 0.00 0.23
NNE 0.11 0.00 0.00 0.00 0.00 0.00 0.13
NE 0.11 0.00 0.00 0.00 0.00 0.00 0.13
ENE 0.18 0.01 0.00 0.00 0.00 0.00 0.19
E 0.32 0.03 0.00 0.00 0.00 0.00 0.36
ESE 0.44 0.24 0.01 0.00 0.00 0.00 0.71
SE 0.61 1.05 0.25 0.01 0.00 0.00 1.94
SSE 0.43 0.41 0.07 "0.00 0.00 0.00 0.93
S 0.36 0.31 0.03 0.00 0.00 0.00 0.71
SSW 0.32 0.15 0.17 .0.02 0.01 0.00 0.69
SW 0.17 0.10 0.11 0.02 0.00 0.00 0.42
WSW 0.23 0.05 0.00 0.00 0.00 0.00 0.32
W 0.42 0.10 0.00 0.00 0.00 0.00 0.56
WNW 1.01 0.07 0.00 0.00 0.00 0.00 1.13
NW 0.71 0.14 0.00 0.00 0.00 0.00 0.88
NNW 0.15 0.01 0.00 0.00 0.00 0.00 0.17
Total 5.73 2.74 0.65 0.06 0.01 0.00 9.19

Percent of Calms 0.30
Percent of Invalid Hours. 0.00
Percent of Valid Hours 9.48
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Omaha Public Power District
~ Fort Calhoun Nuclear Station
JOINT FREQUENCY DISTRIBUTION BY PERCENT
EXTREMELY STABLE (delta T/ delta z > 4.0)
PERIOD OF RECORD: JAN 2008 - DEC 2008
PASQUILL G :
WIND SPEED (mph) AT 10-m LEVEL

Wind 1.0- 4.0- 8.0- 13.0- 19.0- S

Direct 3.9 7.9 12.9 18.9 24.0 +24.0 Total
N 0.13 0.00 0.00 0.00 0.00 0.00 0.20
NNE 0.11 0.00 0.00 0.00 0.00° 0.00 0.13
NE 0.10 0.01 0.00 0.00 0:.00 0.00. 0.11
ENE 0.26 0.00 0.00 0.00 0.00 0.00 0.27
E 0.28 0.00 0.00 0.00 0.00 0.00 0.30
ESE 0.74 0.09 0.00 0.00 0.00 0.00 0.87
SE 0.87 0.25 0.05 0.00 0.00 0.00 1.17
SSE ©0.56 0.01 0.00 0.00 0.00 0.00 0.59
S 0.50 0.10 0.00 . 0.00 0.00 0.00 0.65
SSW 0.31 0.10 0.07 0.00 0.00 0.00 0.52
SW 0.24 0.02 0.00 0.00 0.00 0.00 0.31
WSW 0.16 0.01 0.00 0.00 0.00 0.00 0.22
W 0.25 0.01 0.00 0.00 0.00 0.00 0.32
WNW 0.34 0.00 0.00 0.00 0.00 0.00 0.38
NW 0.19 0.00 0.00 0.00 0.00 0.00 0.20
NNW 0.11 0.00 0.00 0.00 0.00 0.00 0.18
Total 5.16 0.61 0.11 0.00 0.00 0.00 5.89

Percent of Calms .0.54
Percent of Invalid Hours 0.00
Percent of Valid Hours 6.42

Percent of Hours Accounted For: 100.00
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Joint Frequency Dis'tribution'
2008 FCS Meterological Tower

2.67

12.30

Calms excluded.
Rings drawn at 5% intervals.
01 38 69 WS 184 242 Wind flow is FROM the directions shown.
Wind Speed ( Miles Per Hour) No observations were missing.
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