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1.0

JNTRODUCTION

The OFFSITE DOSE CALCULATION MANUAL (ODCM) is the
controlling document for the Fort Calhoun Station’s (FCS)
Radiological Effluent and Environmental Monitoring programs.
The programs are necessary to ensure the requirements set
forth in 10 CFR 20, 10 CFR 50.34a, 10 CFR 50.36a, and 10 CFR
50, Appendix I. The document is subdivided into four
sections as outlined below:

Part I, Introduction - consists of information necessary for
the effective use of the ODCM.

Part II, Radiological Effluent Contr ls - consists of 5
separate sections including:

Section 1 Radiological Effluent Release Limits
Section 2 Radiological Effluent Release Requirements

Section 3 Radiological Effluent Sampling and Analysis
Requirements

Section 4 Radinlogical Effluent Reporting Recuirements

Section 5 Radiological Environmental Monitoring Raquire-
ments

Together these sections provide the controls used to
permit radioactive material releases from the Fort
Calhoun Station.

Part III, Radiological Effluent Radiation Monitor Calcula-
tion - provides radiation monitor setpoint calculations for
the liquid and gaseous release pathways.

Part IV, Radiological Effluent Monitnring Calculations -
provides the methodology necessary to calculate doses to
individuals as a result of radioactive gaseous and liquid
releases from Fort Calhoun.

The ODCM has been prepared in accordance with the guidance
of Nuclear Regulatory Commissions Reg. Guide 1.109, Rev, 1.

ADMINIGTRATIVE
2.1 Responsibilities
2.1.1 Radiolocical Effluent Program
The Radiological Effluent Program consists of

the following sections in the Radiological
Effluent Controls:

FC/CMP/01 051892
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2.1.1 Radiological Effluent Management Program
(Cont.inued)

A. Radiological Effluent Release Limits -
All Sections

B. Radioclogical Effluent Release Requirements =
All Sections

C. Radiological Effluent Sampling and Analysis
Requirements - All Sections

D. Radiological Effluent Reporting Requirements
- Sections 4.1 and 4.2

Nuclear Operation Division Chemistry Department is re-
sponsible for the implementation and maintenance of
this progranm.

2.1.2 Radiological Environment Monitoring Program

The Radiolngical Environmental Monitoring
Program consists of the following sections in
the Radiologicai Effluent Controls:

A. Radiological Effluent Releases Limits
- All Sections

B. Radiological Effluent Reporting Reguirements
- Sections 4.3, 4.4, and 4.5

C. Radiological Environmental Monitoring Re-
quirements - All Sections

Production Engineering Division, Radiological Services
is responsible for the implementation and r intenance
| of this program.

2.1.3 Other

All other portions of this ODCM provide the
methe 'oclogy necessary to implement the Radio-
logical Effluent Controls. It is the joint
responsibility of both Chemistry and Radiologi-
cal Services for the maintenance of these
sections.

2.2 Change Mechanism

| The ODCM is the controlling document for all radio-

| active 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 Com-
mittee and approved by the Plant Manager in accordance
with Technical Specification 5.17. All changes to the

FC/CMP/01 051892
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2.2 Zhange Mechanism (Continued)

ODCM will be forwarued to the Nuclear Regulatory
Comnission during the next reporting period for the
Semiannual Report in accordance with the reguirements
of Technical Specification 53.17.

3.0 METEOROLOGICAL DATA

The Annual Average x/Q is utilized to dete mine the concen-
trations of radionuclides at the site boundary. This dis~-
persion factor coincides with the highest calculated annual
average value for the Fort Calhoun Station. It is based on
3 years of Onsite Meteorological data and the MESODIF II
plume trajectory model. This model conforms with the Nu-
clear Regulatory Commissions Regulatory Guide 1.111. Tbe
model employs the sector averaged equations that are uti-
lized for long~term releases. This type of release (long
term) is not dependent solely on atmospheric conditions for
complying with 10 CFR 20 concentration limits at the site
boundary.

Real time meteorological data will be utilized in the pre-
paration of the Semiannual Report. This data is used to
calculate the joint frequency table and the dispersion coef-
ficients 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, GASP>R and LADTAP, con=-
form with the Nuclear Regulatory Commissions Reg. Guide
1.109 and 1.21 for the reporting of doses due to routine
radiocactive effluent releases.

4.0 DEFINITIONS
Channel Check

A gualitative determination of acceptable operability by
observation of channel behavior during normal plant opera-
tion. This determination shall, where feasible, include
comparison of the channel with other independent channels
measuring the same variable.

Channel function Test
Injection of a simulated signal into the channel to verify

that it is operable, including any alarm and/or trip initia-~
ting action.

FC/CMP/01 051892
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4.0

DEFINITIONS (Continued)

Operable - Operability

A system, subsystem, train, component or device shall be
OPERABLE or have OPERABILITY when it is capable of perform-
ing its specified function(s). Implicit in this definition
shall be the assumption that all necessary attendant instru-
mentation, controls, normal and emergency electrical power
sources, cooling or seal water, lubrication, or other auxi-
liary egquipment that are required for the system, subsystenm,
train, compcnent, or device to perform its function(s) are
also capable of performing their related support func-
tion(s).

Purge-Purging

A means for the removal and replacement of gases within the
containment building.

Sampler

An inline assembly utilized for the collection of a sample
from a radioactive effluent stream. This sample is utilized
for the determination of radionuclide releases from Fort
Calhoun Station. No detection capabilities are required to
exist for this configquration.

Source Check

Verification of channel response when the channel sensor is
exposed to a radioactive source.

Venting

A means for the reduction cf pressure greater than atmos-
pheric within the containment structure.

Unrestricted Area

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 radiocactive
materials.

REFERENCES

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

FC/CMP/01 051892
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5.0 REFERENCES (Continued)

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 Aquatic
Dispersion of Effluents from Accidental and Routine Releases
for the purpose of Implementing Appendix I.

Nureg-0133 - Preparation of Radiological Effluent Technical
Specifications for Nuclear Power Plants,

Nureg-0472, Rev. 3 - Dratt Radiological Effluent Technical
Specifications for PWRs.

Regulatory Guide i.21, Rev., 1 - Measuring, Evaluating, and
Reporting Radioactivity is solid wastes and Releases of
Radiocactivity Materials in Ligquid and Gaseous Fffluents frox
Light-Water-Cooled Nuclear Power Plants,.

Code of Federal Regulations, Title 10, Part 20

Code of Federal Regulaiions, Title 10, Part 50

Fort Calhoun Revised Environmental Report (Unit No. 1)=1972
Fort Calhoun Technical Specifications (Unit No. 1)

Updated Safety Analysis Report

FC/CMP/01 051892
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1.0

RADIOACTIVE EFFLUENTS RELEASE LIMITS

“he limits and conditions for the controlled release of
radicactive material in ligquid and gaseous effluents stated
in th.s Section are to ensure that these releases result in
concentrations of radivactive materials in liguid and gase-
vie effluents released to unrestricted areas that are within
the limits specified in 10 CFR 20 and to ensure that the
release of radivactive material to the environment above
background be as low as reascnably achievable in conformance
with 10 CFR 50.34a and 50.36a. To meet these criteria, the
following requirements must be met f~r all radioactive
liquid and gasenus effluents from FCS:

1.1 Liquild Effluen’s

1.1.1 The 'eclezs: rate of radicvactive material in
iigusd effluancs shall be controlled such that
the instantaneous concentrations for
radionuclildes, otier than dissolved or en-
trained noble gases, do not exceed the values
specified in 10 CFR 20 for liquid effluents in
unrestricted areas. For dissolved or
entrained noble gases, the concentration shall
be limited to 2.0 E~04 uCi/ml, total activity.

8:1.2 The dose or dose commitmr2nt to an individual
in unrestricted areas from radioactive
materials in liquid effluents during any
calendar year shall not exceed 3 millirems to

the tocal body.

1+3:3 The dose or dose commitment to an individual
in unrestricted areas from radioactive
materials in liquid effluents during any
calendar y<ar shall not exceed 10 millirems to

any ergaan.

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

Gaseous Effluents

1.3+ The release rate of radioactive material in
gaseous effluents shall be controlled such
that the instantaneous concentrations for
these radionuclides do not exceed the values
specified in 10 CFR 20 for gaseous effluents
in unrestricted are»s at and beyond the site
boundary.

FC/CMP/01 051892
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1.2

FL/CMP/01

Gaseous Effluents (Continued)

1:3:2 The gamma air dose in unrestricted areas due
to the release of noble gases in gaseous

effluents shall not exceed 10 millirads during
any calendar year;

323 The be* air dose in unrestricted areas due to
the rilea.e of noble gases in gaseous

effluents shall not exceed 20 millirads during
any calendar year; and

1.2.4 The dose to an individual or dose commitment
to any organ of an individual in unrestricted
areas due to the release of I-131, Tritium,
and radiocactive materials in particulate form
with half-lives greater than eight days
(excluding noble gases) in gaseous effluents
shall not exceed 15 millirems from all
exposure pathways during any calendar year.

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.

051892
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2.0 RADIOACTIVE EFFLUENT RELEASE REQUIREMENTS

The requirements for the releuse of radioactive liquid and
gaseous effluents from FCS stated in this Section are to
ensure that the limits of Section 1 will be met, as well as
to allow for operational flexibility. When any of the

re _Jirements for release of radioactive effluents cannot be
complied with, the release shall not be permitted to occur
or it shall be immediately terminated, if it is in progress.

2.1 Liguid Effluent Releases
2.1.1 Monitor Tanks

During release of radiocactive liquid efflu-
ents, excluding releases from the steam
generators, the following conditions shall be
met:

241.%.1 There shall be sufficient dilution
flow so that, at site disc..arge:

n
E C,/mpc; <1

1=l

where:

. - concentration of the i®
radionuclide in the
liquid effluent at site
discharge

mpe, = 10 CFR 20, Appendix B,
Table 2, Column 2 limits.

Bedlele2 The overboard header effluent
radiatior monitor shall be set in
accordance with Part III to alarm
and automatically close the
discharge valve prior to exceeding
10 CFR 20 limits.

FC/CMP/01 051892
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2.1 Liguid Effluent Releases (Continued)

3:1:143 The ligquid effluent radiocactivity
shall be continuously monitored
during the release. If the efflu-
ent radiation monitor is inoper-
able, effluent releases may con-
tinue provided that: (prior co
initiating 1 release)

s At lease two independent
sanples are analyzed in
accordance with applicable
chemistry procedures.

B. At least two shift qualified
chemistry technicians indepen-
dently verify the release rate
calculations.

- A o The liquid effluent radiocactivity
shall be continuously recorded dur-
ing the release. If the process
radiation monitor chart recorder is
not operational and radiocactivity
levels cannot be recorded automa-
tically, effluent releases may con-
tinue provided that the rodiocacti-
vity level is recorded manually at
least once par four hours during
actual release.

2+1+1.8 The liquid effluent flow rate shall
be continuously monitored and
recorded during the release. If
the flow rate recorder is inoper-
able, effluent releases may
continue provided the flow rate is
determined at least once per four
hours during actual release.

FC/CMP/01 051892
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Steam Generator

puring the release of steam gen=2rator nblow-
down to the discharge tunnel, the following
conditions shall be met:

2:1.2.1

2:1:.2:.2

2.1.2.3

There shall be sufficient dilution
flow so that, at site discharge:

n
;:tg/mpc,sl
=1

where:

C = concentration of the i®*
radionuclide in the
liquid effluent at site
discharge.

mpc, = 10 CFR 20, Appendix B,
Table 2, Column 1 limic.

The steam generator blowdown radia-
tion monitors shall be set in
accordance with Part IIT to alarm
and automatically close the
blowdown isolation valves prior to
exceeding 10 CFR 20 limits.

The radiocactivity for each blowdown
line shall be continuously moni=-
tored and recorded by the blowdown
radiation monitors.

A. If one of the two radiation
monitors is inoperable, the
activity for both blowdown
lines shall be monitored by
the operable radiation
monitor.

B. If both radiation monitors are
inoperable, steam generator
ligquid releases may continue
provided grab samples are
analyzed for principal gamma
emitters at a sensitivity of
5.0E~07 uCi/ml and recorded at
least daily when the specific
activity of Steam Generator
Blowdown is less than or equal
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2.1.2 Steam Generator (Continued)
2.1.,2.3 to 0.01 uCi/gram dose eguiva-

2.1.2.4

lent I-131 and at least

B. Once per 12 hours when thea
specific activity of the
secondary coolant is greater
than 0.01 uCi/gram dose
equivalent I-131.

The radioactivity for each blowdown
line shall be continuously re-
corded. If the process radiation
nonitor chart recousder is not oper-
ational, Steam Generator releases
may continue provided that the
radioactivity level is recorded
manually at least once per four
houre during actual relecse.

2.2 Gageous Effluent Releases

2.2.1 Gaseous Auxiliary Building Exhaust Stack
2:2.1.1 During release of gaseous radioac~
tive effluents from containment
pressure relief line to the

Auxiliary Building Exhaust Stack,

the following conditions shall be

met:

A. The Auxiliary Building Exhaust
Stack noble gas wmonitor,
iodine sampler and particulate
sampler shall be operational.

B. The Auxiliary Building Exhaust
Stack ncble gas radiation mon-
itor shall be set in accor-
dance with Part IIT to alarm
and automatically terminate
the release prior to exceeding
10 CFR 20 limits at site
boundary (see Figure 1).

c. At least one Auxiliary Build-
ing exhaust fan shall be in
operation.

FC/CMP/01 051892



FORT CALHOUN STATION
CHEMISTRY MANUAL PROCEDURE

2.2 Gaseous Effluent Releases

2.2.1 Gaseous Auxiliary Building Exhaust Stack
2.8:1:1

2.2.1.,2

FC/CMP/01 051892
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The Auxiliary Building Exhaust
Stack gaseous radioactivity
shall be monitored and
recorded during the release.
If the process radiation
monitor chart recorder is noc
operational and gaseous
radicactivity levels cannot be
recordad automatically,
releases from containment may
coritinue provided that the
gaseous radioactivity level is
recorded manually at least
once per four hours during the
actual release.

The containment flow rate
shall be monitored and
automatically recorded during
the release. If the flow rate
recorder is inoperable,
releases from the containment
may continue provided the flow
réte is determined at least
once per four hours during
actual release.

During the release of gaseous
radioactive effiuents from the
containment purge line:

A.

B.

The conditions set forth in
Sectiorn 2.2.1.1. shall be met.

A noble gas monitor shall
monitor the containment build-
ing atmosphere. If the process
radiation monitor chart
recorder is not operational
and gaseous radioactivity
levels cannot be recorded
automatically, releases from
containment may continue pro-
vided that the gaseous
radicactivity level is
recorded manually at least
once per four hours during the
actual release,.
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2.2 Gaseous Effluent Releares
7.2.1 Gaseous Auxiliary Building Exhaust Stack

2‘201'3

2.2.1.4

FC/CMP/01 051892

During the release of gaseous
effluents from the gaseous waste
discharge header:

A.

The Auxiliary Building Exhaust
Stack noble gas radiation mon~-
itor shall be set in accor-
dance with Part III to alarm
and automatically terminate
the release prior to exceeding
10 CFR 20 limits at site
boundary (see Figure 1).

If the Auxiliary Building
Exhaust Stack radiation
monitor is inoperable, efflu-
ent releases may continue pro-
vided that (prior to release):

i. At least two independent
samples are analyzed in
accordance with the
applicable chemistry
procedure.

ii. At least two shift quali-
fied chemistry techni-
cians independently
verify the release rate
calculations.

At least one Auxiliary Build-
ing exhaust fan shall be in
operation.

The waste gas discharge header
flow rate shall be monitored
and automatically recordc .
during releases. If the flow
rate recorder is inoperable,
releases may continue provided
the flow rate is determined at
least once per four hours
during actual release,

The Auxiliary Building Exhaust
Stack noble gas monitor, particu-
late sampler, or iodine sampler may
be inoperable provided that:
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Gaseovs Auxiliary Building Exhaust Stack

2.2.1.4

Fl‘

Whenever the Auxiliary Build-
iny 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 and analyzed once
per eight (8) hours for
principal gamma emitters.

Whenever the Auxiliary
Building Exh:ust Stack iodine
or particulate sampler(s)
is/are inoperable, releases
from the gaseous waste
discharge header, containment
pressure relief line or the
containment purge line are to
be secured in the most
expeditious manner. These
releases may continue provided
samples are collected using
auxiliary sample collection
eguipment in accordance with
Table 2.

Whenever the Auxiliary
Building Exhaust Stack odine
or particulate sampler(.')
is/are inoperable, ventilation
of the auxiliary building via
the Auxiliary Building Exhaust
Stack may continue provided
sample collection using
auxiliary sample coliection
eguipment is initiated within
2 hours of the discovery of
the inoperability in
accordance wilh Table 2.
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2.2.2 Condenser Offgas

2.2.2.1 During power operation, the con-
denser air ejector discharge shall
be monitored for gross radioacti-
vity. If this monitor is inoper-
able, grab samples shall be taken
and analyzed daily for principal
gamma emitters. (See Table 2)

Building Stack

2:3:3.1 The Laboratory and Radiocactive
waste Processing Building (LRWPB)
Stack noble gas monitor, particu-
late sampler or iodine sampler may
be inoperable and effluents via
this pathway may continue provided:

2:.8:3.1 A. If the noble gas monitor is
inoperable, grab samples will
be taken once per 24 hours and
analyzed for principal gamma
emitters.

B. If the iodine or particulate
sampler(s) is/are inoperable,
ventilation of the LRWPB may
continue via the LRWPB Stack
provided sample collection
using auxilirry sample
collecion equipment is
initiated within 2 hours of
the discovery of the
inoperability in accordance
with Table 2.

Ce The LRWPB Stack flow rate
shall be monitored and
recorded during ventilation of
the LRWPB. If the flow rate
reccorder is inoperable,
ventilation may continue
provided the flow rate is
determined at least once per
four hours.

FC/CMP/01 051892
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3,0 RADIOLOGICAL EFFLUENT SAMPLING AND ANALYSIS REQUIREMENTS

The sampling and analysis requirements stated in this Sec~
tion will provide reasonable assurance that radioaciive
materials present in the liquid and gaseous effluents will
be properly identified and accurately quantified. This
information will serve as the basis for determining doses to
individuals as a result cf radioactive effluents from FCS.

Records shall be maintained and reports of the sampling and
results of analyses shall be submitted to the Nuclear Regu-
latory Commission in accordance with Section 4 of these

Controls.

FC/CMP/01

3.1.1

051892

Liguid Effluents

Radiocactive liquid waste sampling and activity
analyses shall be performed in accordance with
Table 1. The results of these analyses shall
be used with the calculational methods in Part
IV of this manual to assure that the concen-
tration at the point of release does not ex-
ceed 10 CFR 20 limits for unrestricted areas.

Prior to release of each batch of liquid
effluent, the batch shall be mixed, sampied,
and analyzed for principal gamma emitters.
when operational or other limitations preclude
specific gamma radionuclide analysis of each
batch:

3.1.2,1 Gross radioactivity measurements
shall be made to estimate the
guantity and concentrations of
radicactive materials released in
the batch.

3.0:2.,2 A weekly sample composite from
proportional aliquots from each
batch released during the week
shall be analyzed f»r the principal
gamma-emitting radionuclides.

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. Analyti-
cal results shall be submitted to the Commis~-
sion in accordance with Section 4 of these
Controls.
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3.1

FC/CMP/01

Liguid Effluents (Continued)

3.1.4 The radiation monitors for liquid effluents
shall have their opervability verified In
accordance with the requirements in Table 3,
Part A.

Gaseous Effluents

3.2.1 Radiocactive gaseous waste sampling and
activity analyses siall be performed in
accordance with Table 2. The rasults cf these
analyses shall be used with the calculational
methods in Part IV of this manual to assure
that the concentration of radiocactive
matarials does not exceaed 10 CFR 20 limits for
unrestricted arzas.

: P The radiation monitors for gaseous effluents
shall have their operability verified in
acc-rdance with tne requirements in Table 3,
Part B.

Lower Limit of Detecticn (LLD)

The lower limit of detection (LLD) for liquid and
gaseous discharges, referenced in Tables 1 and 2 of
the Radiological Effluent Controls (Part II), is
defined as the smallest concentration of radiocactive
material in a sample that will yield a net count,
above system background, that will be detected with 95
percent probability with only 5 percent probability of
falsely concluding that a blank observation represents
a "real" signal.

For a partinular measurement system, which may include
radiochemical separation:

4-66 * Sb

LLD =
E+VesD+ Y » exp(-Aat)

Where:

LLD = the lower limit of detection as defined above,
in either picoCuries or microCuries, per unit
mass or volume as a function of the value of D

Sp = the standard deviation of the background
counting rate or of the counting rate of a
blank sample, as appropriate, as counts per
minute

051892
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3.3 Lower Limit of Detection (LLD) (Continued)

E = the counting efficiency, as counts per
disintegration

vV = 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 -onstant for the

particular radionuclide

Lt = the elapsed time for the plant effluent
between the midpoint of sample collection and
time of counting

Appropriate values of E, V, Y ard 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 mea-
surement system and not as a limit for a particular
measurement.

LLD verifications will be performed on a periodic
basis. This determinacion 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 by Tables 1 and 2. They will be performed
with a blank (non-radiocactive) sample in the same
counting geometry as the actual sample.

FC/CMP/01 051892
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4.0 RADIOACTIVE LIQUID EFFLUENT REPORTING REQUIREMFNTS

The reporting requirements for radiocactive effluents stated
in this Section are to provide assurance that the limits set
forth in Section 1 are complied with. These reports will
meet the requirementes for documentation of radiocactive
effluents contained in 10 CFR 50.36a; Reg. Guide 1.21, Rev,
1; Reg. Guide 4.8, Table 1; and Reg. Guide 1.109, Rev. 1.

Liguid Effluents

4.1

FC/CMP/01

4.1.1

051892

The radiation dose contributions from radio-
active materials in liguid effluents released
to unrestricted areas shall be determined, in
accordance with the ODCM, on a quarterly
basis. If the dose contribution, due to the
cumulative release of liquid effluents
averaged over a calendar quarter, exceeds one-
half of the annual design objectives, the
following course of actions shall be taken:

A. Make an investigation tc identify the
causes for such releases.

B. Define and initiate a program of action to
reduce such releases to the design levels.

C. Submit a special report, pursuant to Tech-
nical Specification 5.16, within 30 days
from the end of the quarter during which
the release(s) occurred, identifying the
causes and describin~ the proposed program
of action to reduce such releases to the
design levels.

The equipment or subsystem(s) of the ligquid
radwaste treatment system as identified in the
ODCM, shall be operable. If the radiocactive
liguid wastes were discharged without treat-
ment by one or more of the pieces of equipment
or subsystem(s) identified in the ODCM and it
is confirmed that one-half of the annual dose
objective will be exceeded during the calendar
quarter, a special report, pursuant to Tech~
nical Specification 5.16, shall be prepared
and submitted to the Nuclear Regulatory Com-
mission within 30 days of the end of the
quarter during which the equipment or sub-
system(s) were inoperable. This report shall
include the following information:

A. 1ldentification of equipment or sub-
system(s) not operable and reasons for
inoperability.
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4.1 Liguid Effluents (Continued)

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

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

4.2 Gaseous Effluents

4.2.1 The radiation dose contributions from radioac-
tive materials in gaseous effluents shall be
determined, in accordance with the ODCM, on a
quarterly basis. If the dose contribution,
due to the cumulative release of gaseous
effluents averaged over a calendar quarter
exceeds one-half of the annual design objec-
tives, the following course of actions shall
be taken:

A. Make an investigation to identify the
cause for such release rates.

B. Define and initiate a program of action to
reduce such releases to design levels.

C. Submit a special report, pursuant to
Technical Specification 5.16, within
30 days from the end of the quarter during
which the release(s) occurred, identifying
the causes and describing the proposed
program of action to reduce dose contri-
butions.

FC/CMP/01 051892
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Gaseous Effluents

4,2.2 The equipment or subsystem(s) of the gaseous
radwaste treatment system as identified in the
ODCM shall be operable., If the radioactive
gaseous wastes were discharged without treat-
ment by one or more of the equipment or sub-
systems (&) identified in the ODCM and it is
confirmed that one~half of the annual dose
objective will be exceeded during the calendar
guarter, a special report, pursuant to Techni-
cal Specification 5.16, shall be prepared and
submitted to the Nuclear Regulatory Commission
within 30 days of the end of the quarter dur-
ing which the equipment or subsystem(s) were
inoperable. This report shall include the
following information:

A. Identification of equipment or sub-
system(s) not operable and reason for
inoperability.

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

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

Semi-Annual Report

A report covering the operation of the Fort Calhoun

Station during the previous six months shall be sub-
mitted within 60 days after January 1 and July 1 of

each year per the requirements of 10CFR 50.36a.

The radicactive effluent release report shall include
a summary of the quantities of radioactive liquid and
gaseous effluents and solid waste released from the
plant as ocutlined in Regulatory Guide 1.21,

Revision 1.

The radiocactive effluent release report shall include
a summary of the meteorclogical conditions concurrent
with the release of gaseous effluents during each
quarter as outlined in Regulatory Guide 1.21,
Revision 1.

The radicactive effluent release report shall include
an assessp .t of radiation doses from the radioactive
liguid and gaseous 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 accorcance with calcula-
tional methodology of the Regulatc.y Guide 1.109,
Revision 1.

051892
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4.3

FC/CMP/01

Semi-Annual Report

The radioactive effluent release report shall include
any changes to the Process Contrcl Program (PCP) or to
the Offsite Dose Calculation Manual (ODCM) made during
the reporting period. These changes can be initiated
either by the licensee (implementation: subject to
review by the PRC) or by the Nuclear Regulatory Com=~
mission (implementation: subject to their applicabil-
ity to the Fort Calhoun Station design, review by the
PRC and followed L, a review by the SARC). A level of
detril commensurate to the sigunificanc2 of the change
will be provided.

Annual Foport

The Annual Radiological Environmental Operating Report
for the previous one year of operation sha) . be sub-
mitted prior to May 1 of each year. This _eport
contains the data gathered from the radio!ogical
environmental monitoring program. The content of the
report shall include:

4.4.1 Summarized and tabulated results of the
radiologizal environmental sampling/analysis
activities following the format of Regulatory
Guide 4.8, Table 1. In the event thi:t 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.

4.4.2 Interpretations and statistical evaluation of
the results, including an assessment ot the
observed impact® of the plant operation and
environment.

4.4.3 The results of participation in a NRC approved
Interlaboratory Comparison Program,

4.4.4 The results of _and use survey required by
Part 1I, Section 5.1.4.

4.4.5 The results of specific activity analysis in
which the primary coolant exceeded the limits
of Technical Specification 2.1.3. The
following information shall be included:

4.4.5.1 Reactor power history starting 48

hours prior to the first sample in
which the limit was exceeded;

051892
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Annual Report (Continued)

4.4

4.5

FC/CMP/01

4.4.5 4.4.5.1 A.

Non-Routine Report

1015 1 pagE 19 oF 31
A U CMP-6

Results of the last isotopic
analysis for radiociodine per-
formed prior to exceeding the
limit, results of analysis while
limit was exceeded and results
of one analysis after the radio-
iodine activity was reduced to
less than the limit. Each
result should include date and
time of sampling and the radio-
iodine concentrations;

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

Graph of the I-131 concentration
and one other radioiodine isc-
tope concentration in micro-
Curies per gram as a function of
time for the duration of the
specific activity above the
steady~-state level; and

The time duration when the
specific activity of the primary
coolant exceeded the radiciodine
limit.

If a confirmed measured radionuclide concentration in
an environmental sampling medium averaged over any
calendar quarter sampling period exceeds the reporting
level referenced in Tuble 7, and if the radicactivity
is attributable to plant operation, a written report
shall be submitted to the Nuclear Regulatory Commis-
sion within 30 days from the end of the quarter.

The report shall include an evaluation of any release
conditions, environmental factors, or other aspects
necessary to explain the anomalous result.

051892
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5.0 RADIOLOGICAL ENVIRONMENTAL MONITORING REQUIREMENTS

The requirements set forth in this Section will provide
reasonable assurance that radiocactive liquid and gaseous
effluent releases to the environment in and around Fort
Calhoun Station are monitored and that any deviation of
radiation levels above background will be identifled.

%.1.1 The radiological environmental monitoring program

FC/CMP/01

shall be conducted according to Table 4. No changes
shall be made to the ODCM which might reduce the
effectiveness of the program. Analytical results of
this program and deviations from the sampling schedule
shall be reported “o the Nuclear Regulatory Commission
in the Annual Radiological Environmental Operating
Report (Part II, Section 4.4).

If the level of radiocactivity, from calculated doses,
in the Semiannual Report leads to a higher exposure
pathway to individuals, this pathway shall be added to
the Radiological Environmental Monitoring Program.

If the level of radiocactivity in an environmental
sampling mediur exceeds the reporting level spec.fied
in Table 7, a Non-routine Report shall be prepared and
submitted to the Nuclear Regulatory Commission in a
Non-routine Report (Part II, Sectic~ 4.5). The
detection ca»nabilities of the equipment used for the
analysis of Environmental Samples must meet the
requiremnents of Table 6 for Lower Level of Detection
(LLD) .

A land use survey shall be conducted once per 24
months between the dates of June 1 and uctober 1.

This survey shall identify the location of the nearest
milk animal, nearest meat animal, nearest vegetable
garden, and the nearest residence in each of the 16
cardinal sectors within a distance of five miles. The
results of the land use survey shall be submitted to
the Nuclear Regulatory Commission in the Annual
Radiological Environmental Operating Report (Part 1I,
Section 4.4). The survey shall be conducted under “he
following conditions:

A. Within a one-mile radius from cthe plant site,
enumeration by door-to-door or equivalent
counting techniques.

R, Within a five-mile radius, enumeration by

using referenced information from county
agricultural agents or other reliable sovrces.
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TABLE 1

Radioactive Liguid Waste Sempling and Anelysis

Monitor & Hotel Maste Tanks Releases

Stewm Gener. tor Bl osdown

ittt
[ s pipitsegriese ool L OMRE LiMEE Of
Type of Detection i“b)
Sanpl ing Frequerncy Activity Analysis (aCi/ml)
T T —— WSI— oo
Each Bateh Printipal
umou(t”“ $.0 g-07
it SR EE NS, Sy - —
1@ 1.0 £-06
e el e ~—
Monthly From ouuu’d Noble
One Batch Gases (Gamme 1.0 £-0%
Emitters) _J
, ——h . & s— _....;_il_—.,._.._- PR P——
monthly Compositet”? w3 1.0 £-08
[ L
Giross @ 1.0 £-07
>t s oo
Quarteriy c-poﬂto‘" Sr-89, $r-90 5.0 £-08
g e -«aqﬁmr Limit of
Type of Detection f“b)
Sampling Freguency Activity Analysis (uti/mt)
Weekly Conpositel”)  principe oo
Emi tuuh 5.0 €-07
f
1S 1.0 €-06
Monthly Dissclved Noble
Gases (Gamna 1.0 £-05
Emitters)
D R
Monthiy Compositel”) k-3 1,0 €-98
Ere's @ 1.0 E-07
e 4
Quarterly Cmnc(" $r-89, Sr-90 5.0 E-08
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TABLE 2
Bagionctie Geneous Weste Sampling and Anslysis
A, Gas Decay Tard Relpases
tnm' Limit ﬂ
Type of Getection (“D)
Sampl ing Frequency Aotivity Analysis (uti/ml)
Frior to eech Prineips 9‘
relesse !Mnonl‘ 1.0 €-04
B, Contairment Purge Releases or Contairment
Pressure Relief Line Releases
G ————
Lw Limit of
Type of eetion i“v}
Sampling Frequency  [Activity Analysis (aulnt)
Prior to esch Princips ?m
release l-nnr-h 1.0 E-04
s cad
Prior te esch
release W3 1.0 £-06
C. Conderser Air Ejector Release
—{Lower Linit of
Type of Detection “sb)
Sampling Freguency  [Activity Analysis (aCi/ml)y J
month iy ®) Tritium (#-3) 1.0 £-06
Manthly Principa ?~
J!M"lnh 1.0 E-04
0. Amilisry Building Exhaust Stack and
Luborstory und Radwaste Building Exheust Stack
Lower Limit of
Type of Detection f“bb
Sampiing Frequency(8) |Activity Analysis (uCi/ml)
weekly
(Charcoa!l Semple) 1-13% 1.0 €412
weekly Princips ?"'"
(Particulates) taitunl‘ 131 1.0EN
and nnlcutotu
with hatf lives 2
than eight days.
Monthly Composite Gross a 1.0EN
Quarter'y Composite ]
(Particulates) sr-89, §r-90 10N
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TABLE &
ptsction Capsbilities for Environmental Ssaple Anaiysis‘ '@
Lower (imit of Detection (iiD)
Gross

Water Pei/L -~ 2.0B+C3 1.56+0" 3.0e) 1.58+01 3.08+01 1.56+07 1.56+0% 1.0E+00 1.5E+01 1 8E+91 1.5e«01
Fish Pcifkyg -- ¢ 1.3+02 2.68+02 1.38+02 2.6E+02 - - -- T.3EeM2 1.58e02 =

fwet)
"ilk Peiji -- - - -- - - -- -~ 1.08+00 1.56+07 1.86+07 1. 5Ee0?
Rir Peifed 1.0E-G2 -~ -- - - .- - - T.0E-02 - -- .-
Particu-
Late or
Gases
Sediment Pcifkg -~ - .- - - -- -- -- .- 1.56+02 1.BEe02 -

(dry)
Grass or Pcifkg -- - - -~ -- .- ‘e <+ S.0E<01  6.08401 B.0E+01 -
Broad Le=af (wet)
Vegetation/
Vegetables

(2] This {ist does not mean that only these nuclides are to be comsidered. Other peaks that me identifiable as plant effluents, together with those

of the above muclides, shall also be analyred and reported in the Areusl Radiclogical Envirommental Serwzillance Report pursuant to Controt 5.1.b.

2> Required detection capsbilities for thermoluminescent dosimeters used for envirornmental measurements shall be in accordance with the recommends-
tions of Regulatory Guide &4.13.

3 The LLD is defined, for purposes of these spacifications, as the smallest concentration or radicactive material in a sample that will vieid a net
count, sbove system backgrowrd, that will be detected with 95% prodability with only SX probebility of falsely concluding that a blank observation
represents & “real® signal .

For a particular measurement system, whi~h may inciude radiochemical separation:

uo = PN

B - ¥ - 2.226406 - Y - exp(-Alt)

TABLE T
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vater Pei/l  2.08405 4 0p.03 4.0E+02 1.06+03 3.06402 3.06402 4.06+02 6.06+02 2.06+00 3.08+01 S.06+01 2.06402

Fish Pcifkg e 3.06+04 1.0B+06 3. 06+06 1. 0E+0&4 2.08+04 .- - -- 1.08+03 2.08+03 —
(wet)

ik Pei/L - .- - -- .- -a - - 3.08+00 S5.06+01 T.08+01 3_0E+02

Air peised - -- -- - - - - —~ el - - -

Particulate

or Gases

Grass or  Peifkg -- - = .- -- - -- — LOEs02 1.0E«03  2.06+03 -

Broad Leat (wet)

vegetation/

Vegetables

m A Non-routine report shall be submitted when more than one of the radionuclides |isted above are detected in iFe sampling medium and:

Concentration (1) + et B 1.0
Reporting iLevel (1) Reporting Level (2)

when radionuclides cther than tiose .isted above are detected and are the result of plant effluents, this report shall be submitted if the poten-
tial annual dose to a member of the general public is equal to or greater than the dose objectives of Radiologiral Effluent Tentrol Sectiom 1.1
and 1.2. Tais report is not required if the measured lewvel of radicactivity was nct the result of ~lant efflyents; howewer in such an event, the
condition shall be reported and described in the isnuai Radiclogical Envirormental Operating Report.
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PART IIIX
RADIOLOGICAL EFFLUENT RADIATION MONITOR CALCULATIONS

FC/CMP/01 051892



FORT CALHOUN STATION PAGE 2 OF 29
CHEMISTRY MANUAL PROCEDURE CMP~6

1.0 EFFLUENT MONITOR SETPOINTS

1.1

FC/CMP/01

Liguid Effluents

There are two liguid discharge pathways to the
Missouri River. These pathways originate with the
radiocactive liquid waste processing svstem (monitor or
hotel tanks) and the steam generator blowdown system.
Both of these pathways empty into the circulating
water syetem 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. A
detailed discussion of the liquid effluent treatment
system is preserted in Section 2.1.

The flowrate for dilution water varies with the number
of circulating 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 is accounted for in the
dilution calculations for monitor tank and stream
generation releases,.

Alarm setpoints shall be established for the liquid
effluent monitoring instrumentation to ensure that the
concentration of radicactive material released in
liquid effluents to unrestricted areas shall be less
than the concentrations specified in 10 CFR 20,
Appendix B, Table 2, Column 2,

Cs~137 is the most abundant radionuclide in liquid

effluent streams and is used to calibrate the liquid
effluent monitors.

051892
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Liguid Elfluent Radjation Monitors

1.2

FC/CMP/01

1.2.1

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

These process radiation detectors wonitor the
flow through the steam generator blowdown
lines and automatically close the blowdown
isolation valves if the monitor high alarm
setpoint is reached. The high alarm

setpoint calculations are based on
controlling the discharge at 10 CFR 20 limits
of 1,0E-07 uCi/ml for unrestricted areas.

The following calculations for maximum
concentration and alarm setpoints are valid
when steam generator blowdown is the only
liquid release pathway. For simultaneous
radiocactive liguid releases of steam generator
hlowdown and menitor tank discharge, refer to
Section 1.5.1.

The maximum allowabkle concentration in the
blowdown line ‘s calculated as follows:

_ (1.08-07 uci/ml) (X))
Lo} Yo

Where:

1.0E-07 uCi/m]l = 10 CFR 20 Limit for unidentified

051892

radionuclides at site discharge
(I-129, Ra~-226 and Ra-228 are
not present).

X, = Total dilution flow in the
discharge tunnel (gpm). (Normal
flow is basea on 1 circulating
water pump at 120,000 gpm.

Other flowrates may be used, as
required.)

Y, = 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.)

A, = Maximum allowable blowdown
concentration (uCi/ml).
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1.2.2 Overboard Discharge Header Monitor
(RM=05% or RM-055A) (Continued)

The maximum allowable concentration in the
overboard discharge header is:

A, =

(1.0E-07 uCi/ml) (X,)

Where:

1.0E-07 uli/ml =

FC/CMP/01 051892

YO

10 CFR 20 Limit for unidentified
radionuclides at site discharge
(I-129, Ra~226 and Ra-228 are
not present).

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.)

Maximum monitor tank discharge
flow rate (gpm). (Normal
monitor tank maximum flow is

50 gpm. Other flow rates may be
used, as required.)

Maximum allowable activity in
discharge header (uCi/ml).

—m
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1.3 Gaseous Effluents

FC/CMP/01

The gaseous effluent monitoring instrumentation for
controlling and monitoring normal radicactive material
releases in accordance with 10 CFR 20, appendix B,
Table 2, Column 1 limits for unrestricted areas

(see Figure 1), are summarized as follows!

A, Anfuumﬂmmﬂ = The Auxiliary
Building Exhaust Stack receives discharges
from the waste gas decay tanks, contain-
ment purge, containment vent systems and
the auxiliary building ventilation system.
Effluente are monitored by RM-062, a noble
gas activity monitor. Additionally, noble
gas activity monitor, RM-051, provides
redundant back-up monitoring capabilities
to the RM-=062 monitor. JIodine menitoring
and sampling capabilities are provided by
RM=060, Particulate monitoring is
provided by RM-061. Redundant particulate
monitoring is provided by RM-050. Ven-
tilation 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.

B. Laboratory and Radicactive Waste Process-

- Noble gas, iodine,

and particulate monitoring is provided by
Radiation Monitors RM-043, RM~042, and
RM-041, respectively. These radiatinn

monitors do not serve a control function.

C. 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 se.point on RM=057 will activate
isolation of main steam to the Auxiliary
Steam System.

A gaseous radioactive waste flow diagram with the
applicable, associated radiation monitoring instru-
mentation and controls is presented as Figure 4. The
gaseous waste disposal system is presented in Figure
5, A detailed discussion of the gaseous effluent
treatment system is presented in Section 2.2.

051892
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1.4 Gasoous Effluent Radiation Monitors

1.4.1 Auriliary Building Exhaust Stack
Particulate Monitors (iIM-061/RM=050)

Either of these monitors may be used to
measure airborne parciculate activity in the
exhaust stack. The detector is located
adjacent to a section of moveable filter paper
Cii & capstan drive. The monitoer alarm
setpoint is based on 10 CFR 20 limits of

1.0 E~10 uCi/cec at the sive boundary.

The following calculations for maximum release
rate and alarm setpoint are valid when the
Auxiliary Building Exhaust Stack is the only
gaseous release pathway. For simultaneous
gaseous releases from Auxiliary Building
Exhaust Stack, condenser off-gas, and the
LRWPB Exhaust Stack, refer to Section 1.5.2.
The maximum allowable release rate for stack
particulates is calculated as follows:

(1.0E-10 uCi/ce)
(5.0F-06 sec/m*)

x (1, 0B+06¢cc/m?) = 2.0B+01 uCi/sec

Where:

1.0E-10 uCi/eec = 10 CFR 20 Limit at site
boundary for unidentified
isotopes.

5.0E~06 sec/m? = Annual average dispersion
factor at the site
boundary.

1.0F+06 cc/m* = Constant of unit
conversion.

The high alarm setpoint (CPM):

(2,08 ) (8,) (F,) (D)

Setpoint = .85 | 7 + B

FC/CMP/01 051892
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1.4,1

FC/CMP/01 051892

Auxiliary Building Exhaust Stack Particulate
Monitors (RM-061/RM-050) (Continued)

Where:

85 = Correction for instrument meter
error.

8 = Detector sensitivity factor
(CPM/uCi). (Sensitivity basged
on Cs~-137).

F, = Monitor sample flow rate (8CFM).

T = Effective monitor response time
(sec) .

F, = Auxiliary Building Exhaust stack
flow rate (SCFM). (Default
maximum flow rate is 122500 cfm
for 3 Aux lary Building exhaust
fans and 2 containment purge
fans in operation. Other flow
rates may be used, as required.)

B = Background (CPM).

An alert setpoint will be chosen at a value
below the alarm setpoint so that significant
increases in activity will b2 identified,
prior to exceeding the alarm setpoint,



ni: f Y
FORT CALHOUN STATION i "_\ E PAGE 10 OF 29
CHEMISTRY MANUAL PROCEDURE 4l CMP=6

1.4.2 Auxiliary Building Exhaust Stack Gaseous
Activity Monitors (RM~062/RM-051)

Either of these monitors may b2 used to
measure gaseous activity in the exhaust stack.
The Tag is monitored after passing through a
warticulate filter. The moniter controls
gaseous activity releases so that the

10 CFR 20 limit for the unrestricted areas of
3.0E-07 uCi/ce, based upon Xe-133, is not
exceeded. The Ventilation Isolatiun Actuation
Signal is initiated when the high alarm
setpo.nt is reached.

The following calculations for maximum release
rate and alarm setpoint are valid when
Auxiliary Building Exhaust Stack is the only
gaseous release pathway. For simultaneous
gaseous releases from Auxiliary Building
Exhaust Stack, condenser off-gas and the LRWPB
Exhaust Stack, refer to Section ,.5.2.

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

(3.0E-07 pCi/ce)

x (1L.0E+06 cc/m®) = € .0E+04 uCi/sec
(5.0E-06 sec/m?)

Where:

3.0E-07 ucCi/cc = 10 CFR 20 "imit at site
boundary (based upon
Xe-133).

5.0E-06 sec/m* = Annual average dispersion
factor at the site
boundary.

1.0E+06 cc/m? = Constant of unit
conversion,

The high alarm setpoint (CPM):

(6.00E+04) (8, (60)
(F,) (28317)

Setpoint = .85 | + B ]

FC/CMP/01 051892
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Auxiliary Building Exhaust Stack Gaseous
Activity Monitors (RM-062/RM-051) (Continued)

Where:

+85 =

Correction for instrument mater
error.

Detector sensitivity factor
(CPM/ uCi/ce). (SBensitivity
based on Xe~=133)

Conversicn (seconds to minutes).
Conversion factor (ft?® to cc).

Auxiliary Building Exhaust stack
flow rate (SCFM). (Default
maximum flow rate is 122500 cfm
for 3 Auxiliary Building exhaust
fans and 2 containment purge
fans in operation. Other flow
rates may be used, as required.)

Background (CPM).

An alarm setpoint will be chosen at a value
below the alarm setpoint so that significant
increases in activity will be identified,
prior to actuation of VIAS.
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1.4.3 Auxiliary Building Exhaust Stack Iodine
Monitor (RM~060)

RM~060 ronitore the gaseous waste discharged
from the exhaust stack for Iodine-131 activity
by continuously counting a charcoal cartridge
and pre-filter through which a sample of
exhaust stack air is passing at a known rate,.
The monitor alarm setpoint is based on the 10
CFR 20 limit for Iodine-131 at the site
boundary.

The following calculations for maximum release
rate and alarm setpoint are valid when
Auxiliary Building Exhaust Stack is the only
gaseous release pathway. For simultaneous
gaseous releases from Auxiliary Building
Exhaust Stack, condenser off-gas and the LRWPB
Exhaust Stack, refer to Section 1.5.2.

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

(1,0E-10 pci/ce) (1.0B8406 cc/m?) = 2.0E+0. ucCi/sec
(5.0F-06 sec/m*)

Where:

1.0E~10 uCi/cec = 10 CFR 20 Lim! at site
boundary (based upon
I-131).

5.0E~06 sec/m? = Annual average dispersion
factor at site boundary.

1.0E406 cc/m? = Constant of unit
conversion.

The high alarm setpoint (CPM):

(2.0B401) (S, (Fg) (70 (B)

(F.) *8i

Setpoint = .85 |

FC/CMP/01 051892
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1.4.3 Auxiliary Building Exhaust Stack Iodine
Monitor (RM-060) (Continued)

Where:

.85 = Correction for instrument meter
error.

8 = Detector sensitivity factor
(CPM/uCi). (Sensitivity based
on I-131)

F, = Monitor sample flow rate (SCFM).

T = Effective mon'‘tor response time
(sec) .

F, = Auxiliary Building Exhaust stack
L.0w rate (SCFM). (Default
maximum flow rate is 122500 cfm
for 3 Auxiliary Building exhaust
fans and 2 containment purge
fans in operation. Other flow
rates may be used, as required.)

E = Charcoal filter collection
efficiency.

B = Background (CPM).
An alert setpoint will be chosen at a
value below the alarm setpoint so that

significant increases in act!vity will be
identified.

FC/CMP/01 051892
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1.4.4

Condenser Air Ejector 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
t..¢ condenser off-gas discharges so that the
10 CFR 20 limit for unrestricted areas of
3,0E~07 uCi/cc, based upon Xe-133, is not
exceeded,

The following calculations for maximum releuse
rate and alarm setpoint are valid whan
condenser off-gas is the only gaseous release
pathway. For simultaneous gaseous releases
from condenser off-gas, Auxiliary Building
Exhaust Stack, and the LRWPB Exhaust Stack,
refer to Section 1.5.2.

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

(3‘05‘°7<EC1/CCf X (1.0B+406 cc/m*) = 6€.0E+04 ucCi/sec
(5.0E-06 sec/m?)

FC/CMP/01 051892

RTINS =T R .

Where:

3.0E~07 uCi/cec = 10 CFR 20 Limit at site
boundary (based upon
Xe~1313).

5.0F-06 sec/m* = Annual average dispersion
factor at the site
boundary.

1.0E40€ ce/m® = Constant of unit
conversion.

The high alarm setpoint (CPM):

(6.00E+04) (85,) (60)

(F.)  (28317) el

Setpoint = .85 |
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Condenser Air Ejector Monitor (RM-057)
(Continued)

Where:

.85 = Correction for i= ment meter
error.

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

60 = Conversion (seconds to minutes).
28217 = Conversion factor (ft? to cc).

F, = Vent stack flow rate (SCFM).
pDefault maximum flow rate is
4755 scfm (3 vacuum pumps in
hogging mode. Other f. ow rates
may be used, as required.)

B = Background (CPM).

An slert setpoint will be chosen at a value
below the alarm setpoint so that significant
increases in activity will be identified,
allowing time for corrective actions prior to
exceeding the alarm setpoint and tripping of
the auxiliary steam supply valve, RCV-97r,
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1.4.5

Laboratory and Radiocactive Waste Processing
Building (LRWPB) Exhaust Stack Particulate
Monitor (RM-041)

This monitor is used to measure airborne
particulate activity in the LRWPB exhaust
stack. The detector is located adjacent to a
resovable filter paper. The monitor alarm
setpoint is based on 10 CFR 20 limits of
1.0E-10 uCi/cc at the site boundary.

The following calculations for maximum release
rate and alarm setpoint are valid when LRWPB
Exhaust Stack is the only gasevus release
pathway. For simultaneous gaseous releases
frorm Auxiliary Building Exhaust Stack,
condenser off-gas, and the LRWPB Exhaust
Stack, refer to Section 1.5.2.

The maximum allowable re.ease rate for stack
particulates is calculated as follows:

(1.0B-10 pCI/cC) o (1.0E+06 ce/m’) = 2.0E+01 uCi/sec
(5.0E-06 sec/m?)

Setpoint = .85 |

FC/CMP/01 051892

Where:

1.0E=10 uCi/ec = 10 CFR 20 Limits at site
boundary for unidentified
isotopes.

5.0E~06 sec/m* = Annual average dispersion
factor at the site
boundary.

1.0E+06 cc/m*> = Constant of unit
conversion.

The high alarm setpoint (CPM):

(2.0E+01) (S,) (£ (1)

(F.) ‘4]
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Lapccatory and Radiocactive Waste Processing
Building (LRWPB) Exhaust Stack Particulate
Monitor (RM-041) (Continued)

Where:

.85 = Correction for instrument meter
error.

8 = Detector sensitivity factor
(CPM/ucCi). (Sensitivity based
on Cs~137).

F, = Monitor sample flow rate (SCFM).

T = Effective monitor response time
(sec) .

F, = LRWPB Exhaust stack flow rate
(SCFM). (Default maximum flow
rate is 28700 cfm. Other flow
rates may be used, if required.)

B = Background (CPM),

An alert setpoint will be chosen at a value
below the alarm setpoint so that significant
increases in activity will be identified,
prior to exceeding the alarm setpoint.

This monitor alarms in the Control Roonm.
There are no automatic contreol funct.i.ons
associated with the actuation of the alarm.
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1.4.6

Laboratory and nadicactive Waste Processing
Building Exhaust Stack Iodine Monitor (RM-042)

RM-042 monitors the gaseous waste discharged
from th» LRW/B for Iodine-131 activity by
continuously counting a charcoal filcer
cartridge throuth which a sample of LRWPB
exhaust air is passing at a known rate.

The moniter alarm setpoint is based on the
10 CFR 20 'imit for Iodine-131 at the site
boundary.

The following calculations for maximum relcase
rate and alarm setpoint are valid when LRWPB
Exhaust Stack is the only gisevus release
pathway. For simultaneous gaseous releases
from Auxiliary Building Exhaust Stack,
condenser oft-gas, and the LRWPB Exhaust
Stack, refer to section 1.5.2.

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

(1.0E-10 pCi/cc) x (1.0E+06cc/m’) = 2,0E+01 pcCi/sec
(5.0E-06 sec/m*)

Setpoinc - .85 |

05189z

Where:

1.0E~10 uCi/ce = 10 CFR 20 Limit at sice
boundary (k sed upon
I-131).

5.0E~06 sec/m' = Annual average dispersion
factor at the site
boundary.

1.0E+06 cc/m' = Constant of unit
conversion.

The high alacsm setpoint (CFPM):

(2,0E+01) (S,) (F) (1) (E)
(F,)

+ B ]
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Laboratory and Radioactive Waste Processing
Building Exhaust Stack Iodine Monitor (RM-042)
(Continued)

Where:

.85 = Correction for instrument meter
error.

8 = Dete.  or sensiti .’ , factor
(CPM/uCi). (Sens /ity based
on I-131)

F, = Monitor sample flow rate (SCFM).

T = Effective monitor response time
(sec) .

F, = LRWPB Exhaust stack flow rate
(SCFM). (Default flow rate is
28700 cfm. Other flow rates may
be used, if required.)

E = Charcoal filter collection
efficiency.

B = Background (CPM).

An alert setpoint will be chosen at a value
below the alarm setpoint so that significant
increases in activity will be identified.

This monitor alarms in the Control Room.
There are no automatic control functions
associated with the actuation of the alarm.
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1.4.7 Laboratory and Radiocactive Waste Processing
Building Exhaust Stack Noble Gas Monitor
(RM=043)

RM-043 is located in the Radwaste Building and
samples the LRWPB Exhaust Stack. The monitor
alarm setpoint is based on the 10 CFR 20 limit
for Xe-133 at the site boundary.

The following calculations for maximum releare
rate and alarm setpoint are val.d when the
LRWPB Exhaust Stack is the only caseous
release pathway. For simultaneous gaseous
releases from condenser off-gas, Auxiliary
“v1ilding Exhaust Stac:, and the LRWPB Exhaust
«+.ack, refer to Section 1.5.2.

The maximum allowable release rate for RM-043
is as follows:

(3.0E-07 PCi/ec) » (1,0F+06 ~c/m®) = 6.0E+04 uCi/sec
(5.0F-06 sec/m?)

Where:

3.0E-07 uCi/cc = 10 CFR 20 Limit at site
boundary (baced upon
Xe-133).

5.0E~-06 sec/m? = Annual average dispersion
factor at the site
boundary.

1.0E406 ccym® = Constant of unit
conversion.

The high alarm setpoint (CPM):

(6.00E+04) (S,) (60)

(F.) (28317) kel

Setpoint = .85 |

FC/CMP/01 051892
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Simultaneous Release Pathways

1.5.1

Liquid Release Pathways

The liquid radiation monitors (RMu54A and B,
RM055, and RM055A) control liquid releases so
that 10 CFR 20 limits of 1.0E-07 wuCi/ml for
unidentified isotopes in unrestricted areas
are not exceeded. There are two liquid
release pathvays that contribute to the con-
centratiun at discharge to unrestricted areas.
These are Steam Generator Blowdown and Monitor
Tank Overboard Discharge Header. When more
than one pathwa’ is utilized for radiocactive
releases, it is necessary to adjust the alarm
setpoints given in Section 1.2 so that unre-
stricted area concentration limits are not
exceeded.

The calculations for the alarm setpoints for

the liquid effluent monitc: = will be adjusted
as follows:

A, =K, A, * K A

. K, (1.0E-07 pci/ ° (X)) , Kk (1.0E-07 pCi/ml) (X,)

FC/CMP/01

051892

Y, ¥,

Where:

A, = Sum of individual maximum allowable
concentrations for Steam Generator
and Monitor Tank prior to dilution
for simultaneous liquid releases
(uCi/ml)

A, = Maximum allowable concentration in
Steam Generator blowdown Line
(uCi/ml)

A, = Maximum allowable concentration in
Monitor Tonk Discharge Line (uCi/ml)

K, = Proportionality constant for Steam
Generator (See Table 1)

=
"

Proportionality constant for Monitor
Tank (See Table 1)

X, = Total dilution flow in Disch .rge
Tunnel (GPM)
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Gaseous

.85

60
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Release Pathway (Continued)

f

Correction factor for instrument
meter error.

Proportionality contents. See
Table 1.

Detector sensitivity factor.
Monitor sample flow rate.
Effective monitor response time.

Charcoal filter collectioen
efficiency.

Vent stack flowrate. (Condenser
off-gas flowrate for RMO57,
LRWPB Exhaust stack flow rate
for RM041/42/43, Auxiliary
Building Exhaust Stack flow rate
for RM061/50, 62/51 and 60).

fonitor background count rate.

Constant of unit conversicn
(60 sec/min).
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Proportionally Constants for Simultaneous Release Pathways

Liquid Effluents

Gaseous Effluents

K, = .05
K, = .40

>
N
i

.35
K, = .08
K, = .05
K, = .05

K, = .05

K, + K, 51
RMOS4A/B
RM055/55A
L F s1
RM061/50
RM062/51
RM060
RM0S7
RM041
RM042

RMO43

NOTE: The constants are based on prior knowledge and may be
updated as necessary to provide for plant operations.

FC/CMP/01

051892
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2.0 RADIOACTIVE WASTE TREATMENT SYSTEM
2.1 Liguid Radwaste Treatment System

FC/CMP/01

The major equipment or subsystem(s) of the liquid
radwaste treatment system are comprised of the waste
filters, monitor tanks, and evaporator. This eguip-
ment, including associated pumps, valves and piping,
is used in different combinations on an as-needed
basis to process the liquid effluent to provide
compliance with the as low as is reasonably achievable
philosophy and the applicable section of 10 CFR Part
20. The liquid radwaste treatment system is described
in Section 11.1.2 of the USAR. For effluent release
points and monitor locations refer to P&ID’s
11405-M~100, M-9 and M-8.

A filtration/ion exchange (FIX) system may be utilized
for processing liquid radwaste in the event the waste
evaporator is not in service., The system consists of
a booster pump, charcoal pretreatment filter, and
pressure vessels containing organic/inorganic resins,
which can be configured for o»ptimum 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 Appendix I dose design objective evalua-
tion; therefore, the inoperability of these filters
does not affect the dose contributions to any indivi-
dual in the unrestricted areas via liquid pathways.
The inoperability of waste filters will not be
considered a reportable event in accordance with
Specification 2.9.1(1)c.

Every effort will be made to process all liquid waste,
except from the hotel waste tanks, through the
evaporator or FIX before entering the monitor tanks.
If the radioactive liguid waste is discharged without
processing and it appears that 1/2 of the annual
objective will be exceeded during the calendar
guarter, a special report shall be submitted to

the Commission pursuant to Specification 2.9.1(1)c
within 30 days.

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.

0518952
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2.2

FC/CMP/01

Gaseous Radwaste Treatment System

The waste gases at Fort Calhoun Station are collected
in *he vent header where the gas compressors take
suction, compress the gas and deliver it to one of the
four gas decay tanks. The waste gases are treated in
these gas decay tanks by holding the gases for
radiocactive decay prior to finsl controlled release to
the environs. In order to prov:ide conformance with
the dose design objectives, gas decay tanks are nor-
mally stored for approximately 30 days, with earlier
release allowed to support plant operation onl, and
thus achieve decay of short half-life radiocactive
materials, e.g., I-131, Xe-132. If the radioactive
gaseous wastes from the gas decay tanks are discharged
without processing in accordance with the above condi-
tions, a special report shall be submitted to the
Cormission pursuant to Specification 2.9.1(2)c.

The radiocactive effluents from the controlled access
area of the auxiliary building are filtered by ‘he
HEPA filters in the auxiliary building ventilat .on
system. If the radioactive gaseous wastes are cis-
charged without the HEPA filters, a special repo-t
shall be submitted to the NRC pursuant to Specifi-
cation 2.9.1(2)c.

The discharge from the gas decay tanks is routed
through charcoal and HEPA filter unit VA-£2. No
credit was taken for the operation of hydrogen purge
filters during the Appendix I dose design evaluation
and doses through the gaseous pathways were well below
the design objectives. The unavailability of hydrogen
purge filters will not be considered a reportable
event as per Specification 2.9.1(2)c.

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, a special report shall be
submitted to the Commission pursuant to Specification
2.9.1(2)¢.

The gaseous radwaste treatment system is described in
Section 11.1.3 of the USAR. For effluent release
points and monitor locations refer to P&ID’s 11405-M-1
and M-261.

051892
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PART 1V

RADIOLOGICAL EFFLUENT MONITORING CALCULATIONS
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1.0 EFFLUENT CONCENTRATION LIMITS =~ 10 CFR 20
Liguid Effluent Concentration Limits

1.1

FC/CMP/01

1.1.1

10 CFR 20 limits the concentration of radio-
active material in ligquid effluents (after
dilution in the Circulating Water System) to
less than the concentrations as specified in
Appendix B, Table 2, Column 2 for radionu-
clides other than noble gases. Noble gases
are limited to a diluted concentration of
2.0E-04 uCi/ml. Gross alpha activity is
limited to 3.0E-08 pCi/ml. Release rates are
controlled and radiation monitor alarm set-
points are established as addressed above to
ensure that these concentration limits are not
exceeded. 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 Table 1 of the Radiclogical
Effluent Controls and the concentration of
each radionuclide at the point of discharge
will be calculated, based on the following
eguation:

Radionuclide concentration at Site Boundary:

051892

and Y a, / MPC,

Where:

a = concentration at the point of
discharge for nuclide, i, in uCi/ml.

C = concei.tration of nuclide, i, in the
undiluted effluent in wCi/ml.

f = total undiluted effluent flowrate,
in gpm.

F = total dilution water flowrate in
gpm.
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2.1 Liguid Effluent Dose Calculation (Continued)

e during any calendar year
< 3.0 mrem to total body
< 10.0 mrem to any organ
The following calculational methods shall be used for determining
the dose or dose commitment from ligquid effluents.

Doses from Liguid Effluent Pathways
A. POTABLE WATER

U -
; = 1100 Vet 0.Dyips@Xp (=4 t,)

R
F i=]

ap

where:

R = is the total annual dose to organ j of individuals
of age group a from all of the nuclides i in
pathway p, 1in mrem/yr.

§) = is a usage factor that specifies the exposure time
or intake rate for an individual of age group a
associated with pathway p, in hr/yr, £/yr or kg/
yr. Table §

M, = is the mixing ratio (reciprocal of the dilution
factor) at the point of exposure or the point of
withdrawal of drinking water or point of harvest
of aquatic food), dimensionless. Table 3

F = is the flow rate of the liquid effluent, in ft'/
sec.

Q, = is the release rate of nuclide i, in Ci/yr.

Doy; = is the dose factor specific to a given age group

a, radionuclide i, pathway p, and organ j which
can p> used to calculate the radiation dose from
ax intike of a radionuclide, in mrem/pCi or from
exposure to a given concentration of a radionu-
clide in sediment, expressed as a ratio of the
dose rate (in mrem/hr) and the areal radionuclide
concentration (in pCi/m’). Tables 11-14

A, = is .ne radioactive decay constant of nuclide 1, in
hr'.
t = is the average transit time required for nuclides

to reach the point of exposure. For internal

FC/CMP/01 051892
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Doses from Liguid Effluent Pathways (Continued)

dose, t, is the total time elapsed between release
of the nuclides and ingestion of food or water, in
hours. Table 15

1100 = Constant (pCi * yr + JCi * sec * L)

B. AQUATIC FOODS

u o
Reps = 1100 —.iyﬂz Y. Q:ByD,psexp (A ty)
=

Where:

Ry = is the total annual dose to organ j of individuals
of age group a from all of the nuclides i in
pathway p, in mrem/yr.

v = is a usage factor that specifies the exposure time
or intake rate for an individual of age group a
associated with pathway p, in hr/yr, £/yr or
kg/yr. Table 5

M, = is the mixing ratio (reciprocal of the dilution
factor) at the point of exposure or the point of
withdrawal of drinking water or point of harvest
of aguatic food), dimensionless. Table 3

F = i the flow rate of the ligquid effluent, in
ft!/sec.

Q = is the release rate of nuclide i, in Ci/yr.

B, = is the equilibrium biocaccumulation factor for
nuclide i in pathway p, expressed as the ratio of
the concentration in biota (in Pci/kg) to the
radionuclide concentration in water (in
Pci/liter), in liters/kg. Table 2

D = is the dose factor specific toc a given age group
a, radionuclide i, pathway p, and organ j which
can be used to calculate the radiation dose from
an intake of a radionuclide, in mrem/ Pci or from
exposure to a given concentration of a radionu-
clide in sediment, expressed as a ratio of the
dose rate (in mrem/hr) and the areal radionuclide
concentration (in pCi/m’). Tables 11-14

A = is the radioactive decay constant of nuclide i, in
hr'.

FC/CMP/01 051892
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Doses from Liguid Effluent Pathways
B. AQUATIC FOODS
Where: (con’t)

t, = is the average transit time required for nuclides

to reach the point of exposure. For internal
dose, t, is the total time elapsed between release
of the nuclides and ingestion of food or water, in
hours. Table 15

1100 = Constant (pCi * yr * ft'/Ci * sec * L)

c. SHORELINE DEPOSITS

U
Ry = 110,000 .Jgﬁi Y OuTipPuipy (06D (-1 8) ) [1-0XD (-A,5,)]

R
o
Where:

Ry = is the total annual dose to organ j of individuals
of age group a from all of the nuclides i in
pathway p, in mrem/yr.

U = is a usage factor that specifies the exposure time
or intake rate for an individual of age group a
associate. with pathway p, in hr/yr, t/yr or
kg/yr. Table 5

M, = is the mixing ratio (reciprocal of the dilution
factor) at the point of exposure or the point of
withdrawal of drinking water or point of harvest
of aquatic food), dimensionless. Table 3

F = is the flow rate of the liquid effluent, in
ft'/sec.

Q, = is the release rate of nuclide i, in Ci/yr.

T = is the radiocactive half life of nuclide i, in
days.

Duipi = is the dose factor specific to a given age group

a, radionuclide i, pathway p, and organ j which
can be used to calculate the radiation dose from
an intake of a radionuclide, in mrem/pCi or from
exposure to a given concentration of a radionu-
clide in sediment, expressed as a ratio of the
dose rate (in mrem/hr) and the areal radionuclide
concentration (in pCi/m’). Tables 11-14

FC/CMP/01 051892
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Doses from Liguid Effluent Pathways
e, SHORELINE DEPOSITS

Where: (con't)

A - islthe radiocactive decay constant of nuclide i, in
hr- -
- = is the average transit time required for nuclides

to reach the point of exposure. For internal
dose, t, is the total time elapsed between release
of the nucli es and ingestion of food or water, in
hours. Table 15

t, = is the period of time for which sediment or soil
is exposed to the contaminated water, in hours.
Table 15

110,000= Constant [(100 * pCi * yr * ft')/(Ci * sec * L))

- P | Gaseous Effluent Dose Calculations
gy P | Noble Gas

10 CFR 50, App. 1, restricts the dose to
individuals in the unrestricted areas from
radioactive materials in gaseous effluents
from the Fort Calhoun Station to the fol~
lowing limits:

e During any calendar guarter
<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 snall be used
to calculate the gamma-air and beta-air doses:

FC/CMP/01 051892
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Doses from Gaseous Effluent Pathways
A. Annual Gamma/Beta Air Dose from All Other Noble Gas Releases

n

DY(r,©) or D*(r,©) =3.17 x 10¢ 0,[x/0)°(r.©) (DFY or prb)
4 4 d

=1

Where:

DF], DFY = are the gamma and beta air dose factors for a
uniform semi~infinite cloud of radionuclide i, in
mrad-m'/pCi~yr. Table 1

D'(r,0) = are the annual gamma and beta air dosens at the

or distance r in the section at angle © from the

D (r,0) discharge point, in mrad/yr.

Q, = is the release rate of the radionuclide i, in
Ci/yr.

[x/Q)°(r,B) = is the annual average gaseous dispersion factor at
the distance r in section & in sec/m'. Table 3

3.17x10" = is the number of pCi per Ci divided by the number
of seconds per year.

B. Annual Total Body Dose from All Other Noble Gas Releases

D5(2,0) = 5, ¥ x;(r.0)DF3,
i=]

Where:

DFB, = 18 the total body dose factor for a semi-infinite
cloud of the radionuclide i, which includes the
attenuation of 5 g/cm’ of tissue, in mrem-m'/pCi-yr.
Table 3

DL (r,©) = is the annual total body dose due to immersion in a
semi-infinite cloud at the distance r in sector 6,
in mrem/yr.

[r,0) = jis the annual average ground-level concentrat.'n of
radionuclide i at the distance r in sector ©, 1n
pCi/m'. Table 3

8y = Shielding Factor. Table 15

FC/CMP/01 051892
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s Annual Skin Dose from All Other Noble Gas Releases

n

n
pl(z,©) =1.11 s,}: x:(z.©)DFY + ¥ x,(z,0) Dz,

L5} i=3

Where:

DL (r,©) = is the annual skin dose due to immersion in a semi-
infinite cloud at the distance r in sector ©, in
mrem/yr.

DF§ = 1is the beta skin dose factor for a semi-infirite
cloud of radionuclide i in mrem-m'/pCi-yr.

All other parameters are as defined above.
2:8+.2 Radioiodine, Tritium, and Particulates

10 CFR 50, App. I, rectricts the dose to
individuals in the unrestricted areas from
radiocactive materials in gaseous effluents
from the Fort Calkiun Station to:

® During ary caiandgsar guarter
£7.5 mren te any organ
and
¢ During any calendar year
<1% mrem no any organ

The dose to an individual from radioiodines,
radinactive materials in particulate form, and
radionucl des other chan noble gases with

half -jives greater than 8 days in gaseous
efly.nts (eleased to unrestricted areas (See
Figure 1) snhould be determined by the follow-
ing <»prer sions:

NOTE: 1In all cases, for releases of tritium,
use the dispersion parameter for inhalation

(x/Q) +

A. Anpuzl Organ Dose from External Irradiation frcm Radio-
activity Deposited on the Ground Plane

2.1 The ground plane conceatration of radionuclide i at
the location (r,®) with respect to the release point
may be determined by:

1, 12 'e‘ - . 7
C?(I'e) = _l—' Ox10 ]A[Iai(r )L;] [1-exp( ljtb) ]

FC/CMP/01 051892
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Where:

c? = 1is the ground plane concentration of the radionuclide
i in the sector at angle § at the distance r from tle
release point, in pCi/m’.

Q = is the annual release rate of nuclide i to the
atmosphere, in Ci/yr.

t, = is the time period over which the accumulation is

evaluated, which is 15 years (mid-point of plant
operating life). Table 15

§(r,0) = is the annual average relative deposition of eftluent
species i at location (r,f), considering depletion of

the plume durino --nsport, in m’. Table 3
A = islthe radiological decay constant for nuclide i, in
yr.

1.0x10” = is the number of pCi per Ci

A.2 The annual organ dose is then calculated using the
following equation:

G - 5
05(z,) = 8760 5, 3 & (z.©)pFa,,

Where:

¢c(r,0) = is the ground plane concentration of radionuclide
i at distance r in sector 0, in pCi/m’.

DFG; = is the open field ground plane dose conversion
factor for organ j from radionuclide i, in mRem-
m’/pCi-hr. Table 15

tﬁ(r,e) = is the annual dose to the organ j at location
(r,8), in mRem/yr.

S = 1is the shielding factor that accounts for the
dose reduction due to shielding provided by
residential structures during occupancy,
dimensionless. Table 15

8760 = is the number of hours in a year

FC/CMP/01 051892
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B. Annual Dose from Inhalation of Radionuclides in Air

B.1 The annual average airborne concentration nf

radionuclide i at the location (r,0) with recpect to
the release point may be determined as:

X;(z,0) = 3,17 x 10, [(x/01°(r,0)

Where:

Q = je the release rate of nuclide i to the atmosphere,
ir Ci/yr.

xi(r,8) = is the annual average groun”~-level concentration of
nuclide i in air at sector © at distance r, in
pCi/m*,

(x/Q1°(¢,8) = 1is the annual average atmosphere dispersion factor,
in sec/m' (see R.G. 1.111). This includes depletion
(for radioiodines and particulates) and radioactive
decay of the plume. Table 3

3.17x10* = is the number of pCi/Ci divided by the number of
sec/yr.

B.2 The annual dose associated with inhalation of all
radionuclides to organ j of an individual in age
group a, is then:

n

pf,(r,©) =R, ?: %, (£,8) DFA,,

b !

Where:

D;(r,e) = is the annual dose to organ j of an individual in
the age group a, at location (r,8) due to inhalation
in mRem/yr.

R, = ig the annual air intake for individuals in the age
group a, in m'/yr. Table 5

DFny, = is the inhalation dose factor for radionuclide i,
organ 3. and age group a, in mRem/pCi

. Annual Dose from Atmospherically Released Radicnuclides in
Food
C.1 Concentrations of Airberne Radionuclides in Foods

C.1.1 Parameters for Calculating Nuclide Concentra-
tions in Forage, Produce, and Leafy Vegetables

FC/CMP/01 051892
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For all radioiodines and particulate radionuclides, excluding
-14, the concentration of nuclide i in an? on

vegetation at the location (r,®) is estimated using:
ril - exp(-Agt,)] B, (1 - exp (A t,) )
Tt . 2 -

ez, b = dyir,0) exp (A t,)

Where:

C?(r,@) = is the concentration of nuclide i in and on vege-
tation at the location (r,®), in Pci/kg.

d,(r,98) = is the deposition rate of nuclide i, in Pci/m’
p/hr.

The deposition r: 2 from the plume is defined by:
(Reg. Guide 1.1¢3 Rev. 1, Page 1.109-26, Equa. C-6)

d;(r,8) =1.1x10%,(z,0)0,

Where:

d(r,8) = 1is the deposition rate of radionuclide i
onto ground at location (r,€), in pCi/m’~hr

§,(r,9) = is the relative deposition of radionuclide
i, ccaidering depletion and decay in
transi* to location (r,8), in m’ (see
Regulatury Guide 1.111). Table 3

1.1x10* = is the number of pCi/Ci (10%) divided by
the number of hours per year (8760).

Q, = is the release rate of nuclide i to the
atmosphere, in Ci/yr.

r = is the fraction of deposited activity retained on
crops, dimensionless. Table 15

Ngi = 1is the effective removal rate constant for radionu-
clide i from crops, in hr'. Ay = N + A,
A, = 0.0021/hr. Table 15

= is the time period that crops are exposed to conta-
mination during the growing season, in hours.
Table 15

- & = 1is the agricultural productivity (yield) in kg (wet

weight) /m’. Table 15
B, = is the concentration factor for uptake of radionu~-

clide i from soil by edible parts of crops, in pCi/
kg (wet weight) per pCi/kg dry soil. Table 4

FC/CMP/01 051892
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Where: (con’t)

A = is‘the radioactive decay constant of nuclide i, in
hr-

t, = is the period of time for which sediment or scil is

exposed to the contaminated water, in hours (mid-
point of plant life). Table 15

P = is the effective "surface density" for soil, in kg
(dry soil)/m’. Table 15

2 = is the holdup time that represents the time interval
between harves* and consumption of the food, in
hours. Table 15

For the parameters t,, Y,, and t,, different values are used to
allow the use of the Egquation 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.

C.31.2 Parameters for Calculating Nuclide Concentration in
Milk
The Concentration of Radionuclide i, excluding Carbon-
14 and Tritium, in the Animal’s (Milk Cow, Beef Cow,
and Goat) Feed

cYir,©) = £,£,5(,0) + (1 - £,5(2.0) + £,11 - £,)¢](,0)

Yhere:

¢\r,0) = is the concentration of radionuclide i in the
animal’s reed, in pCi/kg.

¢ir,0) = is the concentration of radionuclide i on pasture
grass (calcula*ed using Equation C-5 with t;=0), in
pCi/kg.

qir,e) = is the councentration of radionuclide i1 in stored
feeds (calculated using Eguation C-5 with t;=90
days), in pCi/kg.

- 78 = is the fraction of the year that animals graze on
pasture. Table 15

f, = is the fraction of daily feed that is pasture grass

when the animal grazes on pasture. Table 15

FC/CMP/01 051892
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C.1,3

cNr,0)

GYr,0)

C.1.4

FC/CMP/01

CMP-6

Parameters for Calculating the Nuclide C.ncentration in
Cow and Goat Milk, excluding C-14 and Tracium

HMz,©) = F,cY(2,0)0, ex (-A,t,)

= is the concentration in milk of nuclide i, in pCi/
liter.

= is the concentration of radionuclide i in the
arimal’s feed, in pCi/kg.

= is the average fraction of the animal‘s daily intake
of radicnuclide i which appears in each liter of
milk, in days/liter. Table 4

= is the amount ot feed consumed by the animal per
day, in kg/day. Table 6

= is the average transport time of the activity from
the feed into the milk a#nd to the receptor (a value
of 2 days is assumed). Table 15

= is the radiological decay constant of nuclide i, in
days’.

Parameters for Calculating the Carbon-14 Concentrations
in Vegetation

Carbon-14 is assumed to be released in oxide “orm (CO
or CO,). The concentration of Carbon-14 in v. jetation
is calculated by assuming that its ratio to the natural
carbon in vegetation is the same as the ratio of
Carbon-14 to natural carbon irn the atmosphere surround-
ing the vegetation. Also, in the case of intermittent
releases, such as from gaseous waste decay tanks, the
parameter p is employed to account for the fractional
equilibrium ratio achieved. The parameter p is defined
as the ratio of the total annual release time (for
Carbon-14 atmospheric releases) to the total annual
time during which photosynthesis occurs (taken to be
4400 hrs), under the condition that the value of p
should never exceed unity. For continuous Carbon-14
releases, p is taken to be unity. These considerations
yield the rfollowino relationship:

051892
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€, (2,© =3.17 x 10'p0,, [x/0) (£,0) 0.11/0.16

= 2.2 x10"p0,, (1/0) (£,.©)

= 1is the concentration of Carbon-14 in vegetation
grown at location (r,8), in pCi/kqg.

= js the znnual release rate of Carbon 14, in Ci/yr.

(x/Q)(r,B8)= is the atmospheric dispersion factor, in sec/m’.

P

0.16

3.17x107

c.l.s

Qr

Table 3

= is the fractional equilibrium ratio, dim nsionless.
P=1 (Reg. Guide '.109, Rev. 1, py. 26).

= |is the fraction of total plant mass that is natural
carbon, dimensionless.

= is equal to the concentration of natural carbon in
the atmosphere, in g/m’.

= .» sgual to (1.0 x 10%pci/ci)(1.0 x 10’ g/kg, (3.15

x 10’ sec/yr).

Parameters for Calculating Tritium Concentrations in
Vegetatisn

The concentration of tritium in vegetation is calcu-
lated from its concentration in the air surrounding the
vegetation. The NRC staff derived the following
equation:

Cr(r,©) = 3.17 x 1070,(x/0] (£,0) (0.75) (0.5/H)

= 1.2 x1070.(x/0) (r,©) /H

= is the concentration of Tritium in vegetation grown
at location (r,8), in Peci/kg.

= is the absolute humidity of the atmosphere at loca-
tion (r,8), in g/m’. H=8 gm/kg.

= is the annual release rate of Tritium, in Ci/yr.

(x/Q)(r,0)= is the atmospheric dispersion factor, in sec/m’.

FC/CMP/01

Table 3
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Where: (con’t)

¢t = |8 the concentration of nuclide i in and on leafy
vegetation, in pCi/kg.

c! = is the concentration of nuclide i in and on produce,
in pCi/kyg.

All other symbols are as previously defined in previous 1,109
equations. ' alues of F, and F, are 0.76 and 1.0, respectively.

C:2.3 Calculation Determining the Ingested Dose from Cow Milk
for Radionuclide i, excluding Carbon-14 and Tritium, to
Organ § and Age Group a.

0fy(2.0) « or1y, [1hcY(r,0]

Where:

pD%(r,8) = is the annual dose from the ingestion of nuclide i
to organ  of an individual in age group a from
dietary intake of atmospherically released radio-
nuclides in cow milk, i» mRem/yr.

DF1,, = is the do" | convarsion factor “or the ingestion of
nuclide i, organ j, and age group a, in mRem/pCi.
Tables 11-14

™ = is the ingestion rate of cow milk for individuals in
age group a, in L/y-. Table 5

o = is the radionuclide concentration in cow milk, in
pCi/kg.

C.2.3 Calculation Determining the Ingested Dose from Meat for

Radionuclide J to Organ K and Age Group a
oy (2.0) » or1,, (] 2. 0]
Where:

D% (r,8) = |8 the annual dose from the ingestion of nucliue i
to organ j of an individual in age group a, from
dietury ‘ntake of atn.spherically released radio-
nuclides in mea*, in mRem/yr.

DFI,, = is the dose conversion factor for the ingestion of
nuclide i, organ j, and age group a, in mRem/pCi.
Taples 11-14

ut = is the ingestion rate of meat for individuals ir age
group a in kg/yr. Table 5

FC/CMP/01 051892
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¢f = is the radionuclide concentration in meat,

7 CORT CALHOUN STATION m cj m E@ T' PAGE 10 OF 42
! CHEMISTRY MANUAL PRC EDURE || || |/ [ CMP-6

4=

S Ly e g L NP T T PN e N



PR e — —— . P R—— e R ———— e

FORT CALHOUN STATION MNEPE AW PAGE 20 OF 42
CHEMISTRY MANUAL PROCEDURE ) U (ad U CMP=6

TABLE 1
DOSE FACTORS FOR EXPOSURE TO A BEMI-INFINITE CLOUD OF NOBLE GASES

*%% 2 BBE-04 = 2,88 x 10

Nuglide (- ‘B B=Skin**(DFS) y-ALr*(DF)  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~95 1.61E~0%
KR=87 1.03E=02 9.73E~03 6.,17E-03 5.92E-03
KR-88 2.93E-03 2.37E~03 1.62E-02 1.47E~02
KR-89 1.06E=02 1.01E-02 1.73E-02 1.6¢ =02
KR=90 7.83E-03 7.29E-03 1.63E=02 1.56E=02
Xe=131m 1.11E-03 4.76E-04 1.56E-04 9.185E=-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 4.755-03 4.13E-03 9.21E-03 8.83E-03

| Ar-41 3.28E-03 2.69E-0C3 9.30E-03 8.84E-03

|

!

’ * mrad-m'

\ pCi/y

** mrem-m’

pCi/yr

\

|

|

| FC/CMP/01 051892
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BIOACCUMULATION FACTORS
(pCi/kg per pCi/liter)

FC/CMP/01 0518°¢2
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TABLE 2

Fish

9.0E~01
4.6E-03
*.0E=02
-+ OE=0S
<.0E=-02
4.0E-02
1.0E-02
5.0E-01
1.0E~02
5.0E-01
2.0E~03
4.2E~-02
2.0E-03
3.0E~01
2.5E-01
3.3E~00
3.0E-04
1.0E-01
1,.5E-01
1.0E-01
1.0E-01
4.0E-02
1.5E~01
2.7E-03
4.9E-01
2.5E-01
1.0E-00
2.5E-01
2.5E~01
1.2E-03
1.0E-01
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FRESHWATER .
Invertebrate

9.0E-01
9.1E~03
2.0E-02
2.0E~-04
2.0E~03
9.0E-04
3.2E-03
2.0E~02
1.0E-02
4.0E-02
1.0E~04
2.3E-02
1002'03
1.0E-02
1.0E-03
6.7E-00
1.0E-02
1.0F-01
5.0E~00
3.0E-02
3.02-02
6.1E-03
5.0E~00
1.0E-03
2.0E-02
1.0E-03
1.0E~03
1.0E-03
1002-03
1.0E=01
4.0E-02

CMP~6
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TABLE 3

CONTROLLING LOCATIONS, PATHWAYS AND
ATMOBPHERIC DISBPERSION FOR DOBE CALCULATIONS

: x/Q D/Q
Controlling (x/Q(r,0)) (6(r,©))
Location Pathway(s) -Age Group (sec/m’) (/m’)
Site Nokle Gases N/A 5.0E~06 N/A
Boundary Direct
Exposure
Site Inhalation Child 5.0E=06 N/A
Boundary
Site Gamma-Air N/A 5.0E~06 M/A
Boundary Beta~Air
Miller Farm# mil¥, ground Child 2.5E~06 1.6E~08
0.8 miles plane, meat,
SEW inhalation,
and vegetation
Site Liquid N/A Mixing 7.14
Boundary Ratio, M,

FC/CMP/01 051892
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FORT CALHOUN STATION MEPEASERT
CHEMISTRY MANUAL PROCEDURE LA (1

TA'SLE 4
STABLE ELEMENY TRAYSFER DATA

B, F, (Cow)
Element !lﬂLﬁQil Milk (d/A) H!AI_LQLKﬂl
H 4.8E+00 1.0E-02 1.2E-02
¢ 5.5E400 1.2E-02 3, 1E~02
Na 5.2E=02 4.0E-02 3.0E=02
P 1.1E400 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=0.4
Zn 4.0E-01 3.9E-02 3.0E~02
Rb 1.3E-01 3.0E=02 3.1E=-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 7.5E~03 8.0E=03
Tc 2.5E-01 2.5E~02 4.0E=01
Ru 5.0E~02 1.0E=06 4.0E-01
Rh 1,3E-01 1.0E=02 1.5E=03
Ag 1.5E-01 5.0E=02 1, 7E=02
Te 1.3E400 1.0E=03 . TE=02
1 2.0E-02 6.0E~03 2.9E-03
Cs 1,0E~02 1.2E-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 4.73=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 2.0E-04

FC/CMP/01

051892
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CHEMISTRY MANUAL PROCEDURE L CSV L CMP=6

TABLE 5

RECOMMI NDED VALUES FNR U,, 70 BE USED FOR THE MAXIMUM EXPOBED

INDIVIDUAL IN LIEU OF BITE SPECIFIC DATA

Pathway Infant Child Teen Adult
Fruits, vegetables, &
grain (kg/yr) 520 520
Leafy vegetables (kg/yr) 26 64
Milk (t/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 i2
Inhalation (m'/yr) 1400 31700 8000 8000

TABLE 6

ANIMAL CONSBUMPTION RATES

Qs Qaw
Fee or Forage Water
Animal [Kg/day (wet weigh)] (¢/day)
Milk 50 60
Beef Cattle 50 50
Goats 6 8

FC/CMP/01 051892
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I S W AT WIS RSN RN — PRI p— pr—— . — e e —— -_mmN i s

CHEMISTRY MANUAL PROCEDURE CMP=6
TABLE 7
INHALATION DOSE FACTORS FOR ADULT
(mRem per pCi Inhaled)
Page 1 of 2
Nuclide _Bone = _ Liver _T.Body Thyroid _Kidney _ lung = _GI-LLI
H 3 - 1.58E~07 1.58E=07 1.58E=07 1.58E~07 1.58E=07 1.58E=07
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 1.1BE=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 1.32F-06 - - 1.27E-04 2.35E=-05
58 - 1.98E=07 2,59E~07 - - 1.16E-04 1.33E=05
60 - 1.44E-06 1.85E-06 - - 7.46E-04 3.56E=05
63 5.40E-05 3.93E-06 1.81E-06 - - 2.23E-05 1.67E=06
65 1.92E-10 2.62E-11 1.14E-11 - - 7.00E=07 1.54E-06
64 - 1.83E-10 7.69E-11 - 5,78E~10 B8.48E-07 6.12E-06
65 4.05E~06 1.29E-U5 5.82E-06 - 8.62E-06 1.08E-04 6,68E=-06
69 4.27E~12 B8.14E-12 5.65E-13 - 5.27E=12 1.15E=07 2.04E=09
8 - - 31.01E-08 - - - 2.90E-08
84 - - 3.91E-08 - - - 2.05E-13
85 - “ 1.60E-09 - - LT E=-24
86 - 1.69E-05 7.37E=06 - - - 2.08E=06
88 - 4.84E-08 2.41E-08 - - - 4,18E-19
89 - 3.20E-08 2.12E-08 - - 1.16E-21
89 3.80E=05 - 1.09E~06 - - 1.75E~04 4.37E-05
90 1.24E~02 - 7.62E-04 - 1.20E=03 9.02E-05
91 7.74E=09 - 3.13E~10 - - 4.56E~06 2.39E-05
92 8,43E-10 - 3.64E~-11 - - 2.06E-06 5.38E-06
90 2.61E~-07 - 7.01E=09 - - 2.12E-05 6.32E-05
91M  3.26E-11 - 1.27E-12 - - 2.40E~07 1.66E~-10
91 5,78E-05 - 1.55E=06 - - 2.13E-04 4.81E-05
92 1.29E-09 - 3.77E=11 - - 1.96E~06 9.19E-06
93 1.18E-08 - 3.26E-10 - - 6.06E=06 5.27E-00
95 1.34E-05% 4.30E-06 2.91E-06 - 6.77E=06 2.21E-04 1.88E-05
97 1.21E-08 2.45E-09 1.13E-09 - 3.71E-09 9.84E~06 6.54E=05
95 1.76E=06 9.77E=07 5.26E=07 - 9,67E-07 6.31E-05 1.30E-05
99 - 1.51E~08 2.87E=-09 - 31.64E-08 1.14E-05 3.10E-05
99M 1.29E-13 3.64E-13 4.63E-12 - 5.52E-12 9.55E-08 5,20E-07
FC/CMP/01 051892
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A\TION DOSE FACTORS FOR TEENAGER
(mRem per pCi Inhaled)




7C
RU
RU
RU
AG
TE
TE
TE
TE
TE

TE

- —

FORT CALHOUN STATION
CHEMISTRY MANUAL PROCEDURE

101
103
105

106
110M
125M

127M
127
129M

129
131M
131

132
130
131

132
133
134

135
134
136

137
138
139

140
141
142

140
142
141

143
144
143

144
147
187
239

~Bone__

7.40E~15
2.63F-07
1.40E~-11

1.23E-05
1.73E-06
6.10E-07

2.25E-06
2.51E~10
1.74E-06

8087E-12
1.23E-08
1.97E=12

4.50E~08
7.80E=07
‘043E-06

1.99E~07
1.52E-06
1-11E'O7

4.62E-07
6.28E~05
6.44E-06

8.38E-05
5.82E-08
1.67E~10

6.84E~06
1,78E~11
4.62E~12

5.99E-08
1.20E-10
3.55E-06

3.32E-08
6.11E-04
1.67E-06

$,37E=12
9.83E~07
1,50E-09
4.23E-08

FC/CMP/01

INHALATION DOSE FACTORS FOR TEEAGER

_Liver
1.05E~14

1.64E~-06
2.80E-07

1.02E-06
1.14E-10
8.23E-07

4.22E-12
7.51E-09
1.04E~-12

J.63E-08
2.24E~06
6.14E-06

5.47E-07
2.56E~06
2.90E-07

1.18E-06
1.41E~04
2-422-05

1.06E-04
1.07E-07
1.18E-13

8.38E~-09
1.32E~-14
4.63E~15

2.95E~08
5.31E-11
2.37E-06

2.42E-08
2.53E-04
6.64E~-07

2.20E~12
1.07E-06
1.22E-09
3.99E-09

051892

Page 2 of 2

T.Body

1-03E-13
1-122'07
5.42E~-11

1.55E-06
9.99E-07
8,34E~08

2.73E-07
5.52E-11
2,81E~07

2.20E-12
5.03E~09
6.30E~13

2.74E~08
8.96E~C7
3.30E-06

1,97E~07
7.78E-07
1.05E-07

4.36E~07
6.86E~05
1.,71E-05

3.89E-05
f.58E~-08
4.87E~12

4.40E~07
5.93E-13
2.84E+"3

7.82E-09
1.32E-11
2.71E-07

2.70E-09
3.2BE~-05
8.28E-08

2.72E-13
6.41E-08
4.29E~10
2:.21E-09

Thyreid

1.,75E~07

5.48E-07
1.77E-10
5.72E-07

6.48E~-12
2.06E~09
1.55E~-12

3.07E~08
1.86E~04
1.83E~03

1.89E~05
3.65E-04
4.94E-06
7.76E~05

LI I O

(mRem per pCi Inhaled)

-Xidney

1.90E~13
9.29E-07
1.76E=10

2.38E~05
3.13E-06

8!17E-06
9.10E-10
6.49E-06

3.32E-11
5.49E~08
7.72E=12

2.44E-17
3.44E-06
1.05E~05

8.65E-07
4.49E-06
4.58E-07

1.86E-06
4.69E~-05
1,3BE-05

3.80E-05
8.28E~08
1.11E-13

2.85E-09
1.23E-14
3,92E-15

1.11E-06
1.08E~08
1.51E~04
3.B6E~07

1.26E~12
6.28E~07

1.25E~08

PAGE 28 OF 42

CMP~6
8.34E-08 1.09E~16
9.79E-05% 1.36E~05
2.27E~06 1.13E~05
2.01E-03 1.20E~04
8.44E-04 3,.41E-05
6.70E=05 9.3BE-06
2.07E=-04 1.99E~05
1.40E-06 |.01E-06
2.47E~04 5.06E-05
4.12E-07 2.02E-08
2.97E-05 7.76E~-05
2.92E-07 1.89E~09
5.61E-05 5,79E~-05

- 1.14E-06

- 8.11E-07

- 1.59E-07

- 1.29E-06

- 2.55E~09

- 8.69E-07
1.83E~05 1.2IE-06
2.22E~-06 1,36E-06
10512-05 10062-06
9.84E-09 3.38E-11
8.08E-07 8.06E~07
2.54E-04 2.86E-05
4.11E~07 9.33E-14
2.39E-07 5.9¢2I-20
2.68E-05 6.09E~05
1.27E-06 1,.50E-06
7.67E~-05 1.58E-05
1.63E-05 3.19E-05
1.67E~-03 1.08E-04
6.04E~-05 2.67E~05
2.19E~07 2.94E~-14
4.65E-05 2.28E-05
5.92E-06 2.21E-05
8.11E~-06 1.65E-056



INHALATION DOSE FAQTORS FOR CHILI
(mRen per pCi Inhaled)




FORT CALHOUN STATION
CHEMISTRY MANUAL PROCEDURE

101
103
105

106
110M
125M

127M
127
129M

129
131M
131

132
130
131

132
133
134

135
134
136

137
138
139

140
141
142

140
142
141

143
144
143

144
147
187
239

.Bone

2.19E-14
7.55E~07
4.13E-10

3.6BE-05
4.56E~06
1.82E-06

6.72E-06
7.49E-10
5.19E~06

2.64E~11
3.63E-08
5.87E-12

1.30E-07
2.21E-06
1.303-05

5.72E-07
4.48E-06
1.17E<07

1.33E-06
1.76E~04
1.76E-05

2.45E-0v4
1.71E-07
4.98E~10

2.00E-05
5.29E-11
1.35E-11

1.74E~07
3.50E~10
1.06E~05

9.89E~08
1083!'03
‘0993-06

1.61E~11
2.92E-06
4.41E-09
1.26E~07

FC/CMP/01

INHALATION DUBE FACTORS FOR CHTLD

Liver
2.30F-14

3.08E~06
6.29E-07

2.31E~06
2.57E<10
1.85E-J6

9.45E-12
1.60E~08
2.28E-12

7.36E~08
4.43E~-06
1.30E~05

1.10E~06
5.49E~06
5.84E-07

2.16E-06
2.74E-04
4.62E~05

ZOZBE-O‘
2.27E~07
2.66E~13

1 . ?52.08
2.95E-14
9.73E-15

6.062-u8
1.11E-10
5.28E-06

5.37E-08
5.72E~04
1.50E-06

4.99E-12
2.36E-06
2.61E-09
9.04E-09

051892

Page 2 of 2
~I.Body Thyroid

2,91E-13
2.90E-07
1.50E-10

4.57E~0C6
2.47E-06
2.47E-07

B.,16E~07
1-658-10
8.2:E-07

6.44E~12
1.37E-08
1.78E=-12

7.12F~-08
2.28E~-06
2.2BE-06

5,07E=07
2.08E-06
2.69E-07

1.12E-06
6.07E~05
3.14E-05

3.47E-05
1.50E~07
1.45E-11

1.17E~06
1.72E-12
7.54E~13

2.04E~08
J.49E~11
7.83E-07

7:.77E-09
9.77E-05
2.47E-07

8.17°%=13
h | 07
1-&1”‘09
6.35E-09

-

5.20E-07

1.64E-06
5.3CE~10
1.71E-06

1.93E-11
2.64E~08
4.%9E~-12

8.5BE~-08
4.99E~04
4.39E-03

5.23E-05
1.04E-03
1.37E-05

2.14E-04

LI B A |

(mRem per pCi Inhaled)

Kidney

3.92E~13
1.90E~06
3.63E-10

4.97E-05
5.74E~06

1,72E-05
1.91E~09
1.3GE-05

6.94E~11
1.08E-07
1.59E-11

4.79E-07
60615"06
2,13E~05

1.69E~06
92.13E~06
8.922'07

3.62E~06
8.93E-05
2.58E~05

7.63E-05
1.68E-07
2.33E~13

5.71E-09

2.56E~14
7.87E~15

2.31E-06
2.26E-08
3.17E-04
8.11E~07

2.64E~-12
1.30E~06

2,63E-08
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CMP=6
1.58E-07 4.41E-09
1.79E~04 1.21E-05
4,30E-06 2.69E~05
1,87E~03 1.16E~-04
1.48E~03 2.71E-05
1,28E~04 9.13E~-06
4.00E~D4 1.93E-05
2.71E-06 1.52E-05
4.76E~04 4.91E-05
7.93E-07 6.89E~06
5.56E~05 8.32E~05
5.55E~-07 3.,60E~07
1.02E-04 3.72E=05

- 1.38E-06

- 7.68E-07

- 8.05E~07

- 1.48E-06

- 2.5%8E-07

" 1.20E-06
3.27E-05 1.04E-06
3.93E-06 1.13E-06
2.81E~-05 9.78E~07
1.84E~08 7.29E~-(8
1.56%-06 1.56E~05
4.71E-04 2./5E-05
7.89E-07 7.44E~08
4.44E-07 7.41E-10
4.94E-05 6.10E-05
2.35E-06 2.05E~08
1.47E-04 1.53E-05
3.12E-05 3.,44E-05
3.23E-03 1.05E-04
1.17E-04 2.63E~-05
4.23E-07 5.32E-08
8.87E-05 2.22E-05
IOIIE-OS 2.46E-05
1.57E=08 1.73E~05
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CHEMISTRY MANUAL PROCEDUKE MP=6
TABLE 10
INHALATION DOSE FACTORS FOR INFANT
(mRem per pCi Inhaled)
Page 1 of 2
Nuclide . _Bone = _ Liver _T.Body |Thyroid _Kidney __ Lung  _GI-LLI
H 3 - 4.62E-07 4.62E-07 4.62E-07 4.62E~07 4.62E<07 4.62E=07
c 14 1.89E=05 3.79E-06 3.79E=06 3.79E-06 13.79E=06 3.79E=06 3,79E-06
NA 24 1.54E~06 7.54E-06 7.54E-06 7.54E=06 7.54E<06 7.54E=06 7.54E-06
P 32 1.45E-03 B8.03E~05 5,53E=05 - - - 1.15E=08
CR 51 - - 6.39E~08 4.11E-08 9.45E~09 9.,17E=06 2.5SE=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 5% 1.41E«05 8.39E~06 2.38E=06 - - 6.21E~05 7.82E-07
FE 59 9.69E~06 1.6BE=05 6,77E~06 - . 7.25E-04 1.77E=05
co 58 - 8.71E=07 1.20E=-06 - - 6,.55E-04 7.95E-06
co 60 - 5.73E=06 8.41E=96 - - 3,22E~03 2.28BE=0%
NI 63 2.42E-04 1.46E-05 8,29E-06 - - 1.49E-04 1.73E-06
NI 6% 1.71E=-09 2.03E=10 8.79E=-11 - - 5.80E-06 1.58E-05
CU 64 - 1.34E=09% 5.53E~=10 - 2.84E-09 6.64E-06 1.07E-05
ZIN 65 1.38E=05 4,47E-05 2.22E-05 - 2.32E-05 4.62E-04 3.67E=05
ZN 69 3.85E~11 6.9, ‘11 5.13E-12 - 2.87E~11 1.05E=06 9.44E-06
BR 83 - - 2.72E-07 - - - LT E-24
BR 84 - - 2.86F=07 - - - LT E-24
. BR 35 - - 1.46E~08 - - - LT E-24
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 v 8.15E-06 - - 1.45E-03 4.57E-05
SR 90 2.92E-02 - 1.85E-03 - - 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
L % 90 2.35E~06 - 6.30E-08 - - 1.92E~04 7.43E=-05
Y 9IM 2.91E=-10 - 9.90E~12 - - 1.99E~06 1.68E-06
ey 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 - - 5.46E-05 1.19E-04
2R 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 B8.36E=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
TC 99M 9.98E-13 2.06E-12 2.66E-11 2,22E-11 5.,79E-07 1.45E-06
FC/CMP/01 051892
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FORT CALHOUN STATION
CHEMISTRY MANUAL PROCEDURE

101
103
.08

106
110M
125M

127M
127
129M

129
131M
131

132
130
131

132
133
134

135
134
136

137
138
139

140
141
142

140
142
141

143
144
143

144
147
187
239

-Bone

4.65E~14
1-“5-06
807‘:'10

6.20E~05
7-135-06
3.40E~06

1.19E-0%
1.59E-09
1.01E~05

50635‘11
7.62E~08
1.24E~-11

2.66E-07
4.54E-06
2.71E-05

1.21E~06
9.46E-06
6.58E-07

2.76E~06
2,83E-04
3.45E-05

3.92E-04
3.61E~07
1.06E-09

4.00E~05
1.128-10
2.84E-11

30613-07
7:36E~10
1.98E~05

2.09E-07
2.28E-03
1.00E~-05

3.42E~-11
5.67E-06
9.26E~09
2.65E~07

FC/CMP/01

INHALATION DOSE FACTORS FOR INFANT

Liver
5,.88E~14

5.16E-06
10‘2!'06

4.93E-06
60618-10
4.35E~06

2.48E~-11
3.93E~08
5.87E~12

1.69E~07
9.91E-06
3.17E-05

2.53E-06
1.37E~05
1.34E~06

5.43E~06
5.02E~04
9.61E-05

4.37E-04
5.58E-07
7.03E-13

4.00E-08
7.70E~14
2.36E-14

1-‘3E-08
2.69E-10
1.19E-05

1.38E-07
8-65!’0‘
3.74E-06

1.32E~-11
5.81E-06
6.44E-09
2.37E-08

051892

Page 2 of 2

JI.Body Thyroid

5.80E-13
4.85E-07
2.93E~10

7.77E-06
3,57E~06
4-702-07

10488-06
3.40E-10
1059!“06

1.34E-11
2.59E~08
3.57E~12

1.26E-07
3.98E-06
1.40E-05

8.99E-07
4.00E~06
4.75E-07

1.98E-<06
5.32E-05
3,78E~0C5

3.25E-05
208‘8‘07
3.07E-11

2.07E-06
3.55E~-12
1.40E-22

3.68E~08
6.46E~11
1.42E-06

1.58E-08
1.26E-04
4.99E-07

1.72E-12
3.57E-07
2.23E-09
1.34E-08

-
-

1,16E~06

3.48E~06
1.52E~09
3.91E~06

4.82E-11
6.38E-08
1,13E-11

1099!’07
101‘5’03
1.06F=-02

1-21E-0‘
2.54E-03
.18E~05

4.97E~04

{mRem per pCi Inhaled)

Kidney

6.99E~13
3.03E~06
6.42E-10

7.61E~05
7.80E~06

2.,68BE~05
3.47E-09
2.27E-08

1.258-10
10‘9E-07
2.85E~11

7.39E-07
1.09E-05
3.70E~05

2.82E-06
1.60E-05
1049E'06

6.05E~06
1.36E~04
4.03E-05

1.23E~04
2.93E~07
‘0238'13

9.59E~09
4.6‘!’14
1.36E-14

3,75E~CA
4.03E-08
J,84E-04
1.,41E-06

4.80E~12
2.25E~-06

4.73E~-08

PAGE 32 OF 42

CMP-6
~dung = _GI-LLI
4.17E~-07 6.03E-07
1,94E-04 1.15E-05
1.12E-05 3.46E-05
8.26E-03 1,17E~04
2.62E-03 2,36E-05
3.19E-04 9,22E~-06
9. 7E~04 1.95E-05
7.39E-06 1.74E-05
1.20E-03 4.93E-05
2.14E-06 1.8BE-05
1.42E-04 8.51E-05
1.47E~06 5,87E-L.
2.43E-04 3.15E-05

- 1.42E-06

= 7.56E-07

- 1.36E~-06

- 1.54E~06

- 9.21E-07

- 1.31E-06
5.69E-05 9.53E-07
8.40E-06 1.02E-06
5.09E~05 9.53E-07
4.67E~-08 6.26E-07
4.25E-06 3.64E-05
1.14E-03 2.74E-05
2.12E-06 3.39E-06
1.11E-06 4.95E-07
1.20E-04 6.06E-05
5.B7E~06 4,25E-05
3.69E-04 1.54E-05
8.30E~05 13,55E~05
7.03"=-03 1.06E~04
3.09E-04 2.66E~05
1.15E-06 3,06E-06
2.30E-04 2.23E-05
2.83E~05 2.54E-05
4.25E~-05 1.78BE-05



ZOx
>

amz 287

Y
ZR
ZR

NB
MO
TC

21M
91
92

93
95
7

95
99
99M

—.Bone

2.84E~06
1.70E-06

1.93E-04

2,75E=06
4.34E-06

1.30E-04
5.28E~07
4.B4E-06

1.03E~08

3.08E-04
7.58E-03

5.67E~06
2.15E-06
9,62E-09

9,09E-11
1041E'07
2.45E-10
2.68E~-09
3'O‘E-08
1.68E-09
6.22E~09

2.47E-10

FC/CMP/01

FORT CALHOUN STATION
CHEMISTRY MANUAL PROCEDURE

~Liver
1005E-°7
5.68E~07
1.70E-06
1.2CE~05
4.57E~-06
1.15E-07
1.90E=06
1.02E~05
7.45E-07
2-1‘3-06
9.01E-06
6.86E-08
8.33E~08
1.54E~05

1.97E-08

2.11E-05
6.05E-08

4,01E-08

9.75E-09
3.39E-10

3.46E-09
4,.31E-06
6.98E~10

051892

TALLE 11
INGESTION DOFE FACTORS FOR ADULT

Page 1 of 2

~T.Body

1.05E~07
5.68E-07
1.70E~06

7.46E-06
2.66E~-09
8.72E~07

2.0‘5-08
4.43E-07
3.91E-06

1,67E~06
4,72E-06
4.36E-06

3.13E-08
3J.91E-08
6.96E~06

1.37E-09
4.02E-08
5.21E-08

2.14E~-09
9.83E~06
3.21E-08

2.82E-08
8.84E-06
1.86E~03

2029E-o7
9,30E-08
2.58E~10

3.52E-12
3.77E-09
2.4/E-11

7.40E~11
6.60E~09
1.55E-10

1.86E-09
£.20E-07
8.89E-09

Thyroid

1.05E~07
5.68E~07
1.70E-06

1.59E~09

(mRem per pCi Ingested)

_Kidney
1005E‘07

5.68BE~07
1.70E~06

5.86E-10
1.36E-06

1.46E~07

80105-07
1.03E~05

1.28E~08

1.53E-08
5.12E-10

3.42E-C9
9.76E-06
1.06E-08

PAGE 33 OF 42

CMP~6
Lung = _GI-LLI
1.,05E=07 1,05E=07
5.68E~07 5.68BE=07
1.70E-06 1.70E=06
- 2.17E~05
3.53E-09 6.6%9E~07
- 1.40E~05
-~ 3.67E~-06
1.06E~06 1.09ZI-06
2.85E-06 3.40E-05
- 1.51E-05
- 4.02E-05
- 1.8B8E~06
- 1.74E~06
- 7.10E-06
- 9,70E~06
- 2.96E-09
- 5.79E~08
- 4,09E-13
- LT E-24
- 4.16E-06
- 8.36E~19
- 2.,33E-71
1.45E-03 4,94E~-05
8.03E-03 2.19E~-04
3.76E-05 2.70E-05
1.70E-05 4.26E-05
1.92E-04 1.02E~04
1,.99E-06 2,.67E-10
1.75E~03 7.76E-05
1.75E-05 1.48E-05
8.50E-05
- 3.09E~05
- 1.05E-04
» 2.10E-05
- 9:99E-06
3.42E-10 4.13E-07



TC
RU
RU
TE
TE
TE
TE
TE

FORT CALHOUN STATION
CHEMISTRY MANUAL PROCEDURE

101
103
105

106
110M
125M

127M
127
129M

129
131M
131

I 132

130
131

132
133
134

135
134
136

137
138
139

140
141
142

140
142
141

143
144
143

144
147
187
239

~.Bone

2.54E~-10
1.85E~07
1.54E-08

2.75E~06
10603-07
2¢6'E-06

6,77E-06
1010:'07
1.155'05

3.14E-08
1,732-06
1.97E~08

20522-06
7.56E~07
4.16E-06

2.03E-07
1.42E-06
1006E'07

4.43E-07
6.22E~05
6.51E~06

7.97E-05
5,52E~08
9070E'08

2.03E~05
4.71E-08
2.13E-08

2.50E-09
1.28E-10
9,36E-09

1.65E~09
4.88E~-07
9-203'09

3.01E-11
6.29E-09
1.03E~07
1.19E~09

FC/CMP/01

INGESTION DOSE FACTORS FOR ADULT

Ldver
3.66E~10

1,48E~-07
9.71E-07

2.42E~06
3.95E~08
4.29E~06

1.1'3‘08
8.46E-07
8.23F-09

1.63E~06
2.23E-06
5.95E~06

5.43E~07
20‘7!‘06
2088!“07

1.16E~06
1,48E-04
2.57E-05

1.09F-04
1.09L-07
6.91E-11

2.55E-08
3.56E 11
2.19E-11

1.26E~09
5.82E~-11
6.33E-09

1,22E-06
2.04E~07
3,69E-09

1,.25E~11
7.27E-09
8.61E-08
1,17E-10

051892

Page

(mRem per pCi IngesteA)
2 of 2

_T.Body Thyreid _Kidney

3,59E-09
7.97E-08
6.08E-09

3.4BE~07
8,79E~08
3.59E~07

8.25E-07
2.3BE~-08
1.82E-06

7.65E~09
7.05E~07
6,22E-09

1.53E~06
8.80E-07
3.41E-06

1.90E-07
7.53E-07
1.03E~07

‘.283'07
1.21E-04
1.85E~05

7'1‘E-05
5.40E~08
2.84E~09

1.33E-06
1.59E~09
1.34E-09

3.33E-10
1.45E-11
7.18E-10

1.35E~10
¢.62E-08
4,56E~10

1.53E-12
4,35E-10
3.01E~08
6.45E~11

8.,06E-07

1.73E-06
8-15E-08
3.95E~06

2.41E~08
1.34E~06
11625’08

1.80E~06
1.89E-04
1,95E-03
1.90E~05

3.63E~04
4.99E~06

7.65E-05

5 % 8 9

6.59E-09
7.06E~-07
1.99E-07

5.31E~06
2'91E-07
1.09E-05

2.75E«05
‘0‘32’07
4,.80E-05

10325-07
8.57E-06
8.63E-08

1.57E=-05
31.,48BE~06
1.02E-25

8.65E~07
4.31E~06
4.58E~07

1.86E-06
4.79E~0€
1.43E~05

3.70E-05
8.01E~08
6.46E-11

8.67E-09
3.31E-11
1.85E~11

2,94E-09
5.37E~10
1.21E-07
2.13E~09

7.05E-12
4.25E-09

3.65E~10

PAGE

34 OF 42

CMP~6

e dang.
1.,87E-10

1.59E~05
1.96E~-06

1.23E-05
7.91E-09
3.92E~-11

1.46E~08
2.02E-11
1.24E-11

-

N B

LGl=LLL

1.10E-21
2.16E-05
9.42E~06

1.78E-04
6.04E~05
1.07E~05

2.27E-05
8.68E~06
5.79E-05

2.37E-08
8.40E~-05
2.79E~09

7.71E-05
1:92E’06
1.57E-06

1.02E-07
2-222-06
2.51E-10

1.31E~06
2,.5%E-06
2.92E-06

2.11E-06
4.65E~13
1.72E-07

4.18E~05
2.22E-17
3.00E~26

9.25E-05
4.25E-07
2.42E-05

4.56E~05
1.65E-04
4.03E~-05

4.33E~18
3.49E-05
2.B2E-05
2.40E~05



FORT CALHOUN STATION
CHEMISTRY MANUAL PROCEDURE

E

Zo=
>
8
& oo

£ 237
o
-

Y 91M
Y 9
Yy %2

Y 93
ZR 95
ZR 97

NB 95
MO 99
TC 99M

—Bone
4.06E~06
2.30E-06

2.76E~04

3.78BE~06
5.87E~06

1.77E~04
7.‘93-07
5.76E-06

1.47E~-08

4.40E~04
#.30E~03

8.07E-06
3.05E~06
1.37E-08

1,29E-10
2.01E-07
1.21E~09
2-68!’09
3,.04E-08
1.68E~09
6.22E~09

2.47E-10

FC/CMP/01

~liver

1.06E-07
8.,12E~-07
2.30E~06

1.71E<05
5 90E~06
105.E’07
2.6BE-06
1.37E-08
9.72E-07
2.81E~06
1.25E~05
9.57E~08
1.15E=07
2,00E-05
2.'0:‘03

-

2.98E-05
8.52E-08

5,50E-08

9.75E~09
3.39E-10

3.46E~09
4.31E~06
6.98E~10

051892

TABLE 12
INGESBTION DOSBE FACTORS FOR TEENAGER

Page 1 of 2

~I.Body

1.06E-07
8.12E~07
2030E-0‘

1,07E=05
3.60E~09
1017t'06

2.81E~08
6.25E~07
5.29E~06

2 "4E-06
JE-06
t JVOE-06

4.36E~08
5.41E-08
9.33E-06

1.96E~09
5.74E~-08
7022E'08

3.05E~09
1.40E-05
4.54E-08

3089!‘08
1.26E-05
2.05E-03

3021E'07
1.30E-07
3.69F-10

4.93E~12
5.39E-09
3.50E-11

7.40E-11
6.60E~0"
1,55E~10

1.86E-09
8,20E~07
8.89E~09

Thyreoid

1.06E~07
8,12E-07
2.30E~06

2.00E~09

(*Rem per pCi Ingested)

Kidney
1.06E~07

8.12E~07
2030E'06

7.89E~10
1.76E~06

2.00E~07

2:.91E~07
1.28E-05

1.83E-08

1.53E-08
5.12E~10

3.42E-09
9.76E~06
1.06E~08

PAGE 35 OF 42

CMP-6

dang

1.06E-07
6.12E-07
2.30E~06

5.14E~09

1.70E-06
4,32E-06

3.42E-10

SI-LLI

1-06:-07
81128-07
2.30E-06

2032!'05
6.05E~07
1,21E~05

1.04E-05
1.16E~-06
3,24E~05

1.34E~05
3.66E~-05
1.99E-06

5.19E~06
B.92E-06
8.47E~06

5.16E-08
LT E-24
LT E-24

LT E-24
4.41E~04
7.30E-15

8.43E-17
5,24E~05
2.33E-04

3.66E~05
7.77E-05
1.13E~04

€.09E-09
8.24E-05
3.32E~05

8,50E-05
3.09E-05
1.08E~-04

2.10E-05
9.99E-26
4.13E-07



FORT CALHOUN STATION
CHEM1STRY MANUAL PROCEDURE

101
103
105

106
110M
125M

127M
127
129M

129
131M
131

132
130
131

132
133
134

135
134
136

137
138
139

140
141
142

140
142
141

143
144
143

144
147
187
239

-.Bone

2.54E~10
1.85E-07
1.54E-08

2.75E-06
1.60E~-07
2.6BE~06

6.777=06
1010!‘07
1.15E-05

3.14E-08
1.73E~06
1.97E-08

2-522-06
7.56E~07
4.16E-06

2.03E-07
1.42E-06
1-062-07

4.43E-07
6.22E-05
6051!'06

7.97E~05
5.52E-08
9.70E-08

2.03E-05
4.71E-08
2.13E-08

2.50E-09
1,2BE-10
9.36E-09

1.65E-09
4.88E-07
9.20E-09

3.01E~-11
6.29E-09
1,03E-07
1.19E-09

FC/CMP/01

INGESTION DOSE FACTORS FOR TEENAGER

~Liver
3,.66E~10

10‘b£’07
9.71E-07

2.42E-06
3.95E-08
4,.29E-06

1.1B8E-08
8.46E~07
8.,23E~09

1.63E-06
2.23E-06
5,95E-06

5.43E~07
2.47E~06
2.8BE~07

1.16E~-06
1.48BE-04
2.57E-05

1.09E~04
1.09E~07
6.91E~11

2.55E-08
3.56E-11
2.19E-11

1.26E-09
5-822'11
6:.33E-09

1.22E-06
2.04E~07
3.69E~09

1.25E-11
7.27E-09
8.61E-08
1.17E-10

051892

Page 2 of 2
T.Body Thyreid

3.59E~-09
7.97C-08
6.08E~-09

3.4BE~07
8.79E-08
3,59E-07

8.25E-07
2.38BE~08
1.82E~06

7.65E~09
7.08E~07
6.22E~09

1.53E~06
8.80E-07
3.41E-06

1.90E~07
7.83E-07
1-03E-07

4.28E-07
1,21E~-04
1.85E~05

7.14E-05
5.40E-08
2.84E-09

1.33E~06
1.59E~09
1.34E-09

3.33E-10
1.45E-11
7.18E-10

1.35E-10
2.62E-08
4.56E~10

1.53E-12
4.35E-10
3,01E-08
6.45E~11

8.06E~07

1.73E-06
8.15E~08
3.95E~06

2.71E-08
1.54E~06
1.62E-08

i.80E-06
1.89E~-04
1.95E-03

1.90E~-05
3.63E-04
4.99E-06

7.65E-05

(mRem per pCi Ingested)

_Kidney

6.59E~09
7.06E~07
1,99E~07

5.31E-06
2.91E~07
1.09E-05

2.75E-05
4.48BE-07
4 .80E~05

1.32E-07
8.57E-06
8.63E~08

1.57E~C5
3J.48BE~06
1.02E-<05

8.65E~07
4.31E-06
4,.58E~07

1.86E~06
4.79E~05
1.43E-05

3.70E-05
8.01E-08
6.46E~11

8.67E~09

3,31E-11
1,85E~11

2.94E-09
$.37E=10
1.21E-07
2:132-09

7.05E=-12
4.25E-09

3.65E~10

PAGE 36 OF 42

CMP-6

_dang
1.87E-10

1,59E-05
1.96E~06

1.23E-05
7.91E-09
3.92E~11

1.46E~08
2.02E-11
1,24E~-11

$ 4 2 8

SI-LL1.

1.10E-21
2.16E~05
9.42E-06

1.78E-04
6.04E~05
1.07E-05

2.27E~05
8.68E~06
5,79E~05

2.37E-08
8.40E-05
2.79E-09

7.71E=05
1.92E-06
1.57E~06

1.02E~07
2.22E-06
2.91E-10

1.31E-06
2.59E-06
2.92E-06

2.11E-06
4.65E-13
1.72E-07

4.18E~-05
2.22E-17
3.00E-26

90252'05
4,.25E-07
2.42E-05

4.56E-05
1.65E~-04
4.03E~05

4.33E-18
3.49E~05
2.82E~-05
2.40E-05



ZR
ZR

NB
MO
TC

93
95
97

95
99
99M

~.Bone

1,21E~05
5.80E-06

8.25E-04

1.15E-05
1.65E~05

5.38E~04
2022E-06
1.37E-05

4,3BE~08

1,32E-03
1.70E-02

2.40E~05
9.03E-06
4.11E-08

3.82E-10
6.,02E~07
3.60E-09
1.14E-08
1.16E-07
6.99E~09
2.25E-08

9.23E~10

FC/CMP/01

FORT CALHOUN STATION
CHEMISTRY MANUAL PROCEDURE

~ldver

2.03E-07
2.42E-06
5,80E~06
3.8B6E~05
1.07E-05

3.34E~07
6.10E-06
2,67E-05

1.80E-06
5.29E-06
2.88E-05
2.09E-07
2.45E-07
3.65E~-05

6.,33E-08

6.70E~05
1.90E-07

1.17E~07

2.55E~08
1,01E-09

8.76E-09
1.33E-05
1.81E~-09

051892

TABLE 13
INGESTION DOSBE FACTORS FOR CHILD

Page 1 of 2

~I.Body

2.03E-07
2.42E-06
5.80E-06

3.18E-05
8.90E-09
2,85E-06

7.54E-08
1,89E-06
1.33E-05

5.51E-06
1.,56E~05
1.83E-05

1.22E-07
1.4BE~07
2.27E-05

5.85E~09
1.71E-07
1.98E-07

9.12E~09
4.12E-08
1.32E-07

1.04E-07
3.77E-05
4.31E-03

9.06E~07
3.62E-07
1-105—09

1.39E-11
1.61E-08
1,03E-10

3,13E~-10
2,27E-08
5.96E~10

6.26E~09
3,29E-06
3,00E-08

Thyroid

2.03E-07
2.42E-06
5.80E-06

4.94E-09

(mRem per pCi Ingested)

Kidney

2.03E-07
2.42E-06
5.80E-06

1.35E~-09
3.00E~06

4.04E~07

5.92E-07
2.3CE~-05

3.84E-08

3,65E~08
1.45E-09

8.23E-09
2.84E-05
2.63E-08

PAGE
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CMP~6

lung

2.03E-07
2.42E-06
5.8B0E~06

9.02E-09

3.45E~0¢
7.74E~06

9.19E=10

Gl-LLI.

2.03E-07
2.42E~06
5.80E-06

2.28E~05
4.72E-07
8.98BE~06

4 .84E~05
1.13E-06
2.78E-05

1.05E=05
2.93E-05
1.94E~06

2.56E~05
1.15E~05
6.41E~06

3.99E-06
LT E-24
LT E-24

LT E-24
4.31E~06
9.32E-09

1.02E-09
5.11E-05
2.29E-04

5.30E-(5
1.71E-04
1.17E-04

7.48E-07
8.02E-05
1.04E~-04

1.70E~04
2.66E~05
1.53E-04

1,.62E~05
1.10E~05
1.03E-06



FORT CALHOUN STATION
CHEMISTRY MANUAL PROCEDURE

101
103
105

106
110M
125M

127M
127
129M

129
131M
131

132
130
131

132
133
134

128
134
136

137
138
139

140
141
142

140
142
141

143
144
143

144
147
187
239

-Bone_

1.07E-09
7.31E-07
6.45E-08

1-175-05
5.39E~-07
1.14E-05

2.89E-05
4.71E-07
4.87E-05

103‘E‘07
7.20E=-06
8.30E-08

1.01E-05
2.92E-06
1.72E-05

8.003-07
5.92E-06
4.19E-07

1.75E-06
2.34E~04
2.35E-05

3,.27E~04
2.28E-07
4.14E-07

8-318'05
2.00E-07
8.74E-08

1.01E~08
5.24E~10
3.97E-08

€.99E~-09
2.08E~06
3.93E~08

1.29E~10
2.79E~08
4.29E-07
5.25E-09

FC/CMP/01

INGEBTION DOSE FACTORS FOR CHILD

_Liver
1.12E~-09

3.64E~07
3.09E-06

7.78E~06
1.27E~-07
1.36E-05

3.74E~-08
2.49E-06
2.53E-08

4.47E~-06
5.90E-06
1.73E-05

1.47E-0C6
7.32E~06
7.78E-07

3.15E-06
3.B4E~-04
6.46E-05

3.1 E-04
3.17E-07
2.21E-10

7.28E-08
10123-10
6.29E~11

3.53E-09
1.67E~-10
1.98E-08

3.79E~06
6.52E-07
1.18E~-08

3.99E-11
2.26E-08
2.54E-07
3.77E-10

051892

Page 2 of 2
T.Body Thyroid

1.42E~08
2.81E~07
2.34E~-08

1-‘58-06
2.91E-07
1,52E~06

3.43E-06
1.01E-07
7.56E-06

3.18E-08
2.65E-06
2.47E-08

5.40E-06
3.04E~-06
2.R3E-06

6.76E~07
2.77E-06
3.58E~07

1.49E-06
8.10E-05
4,18E-05

4,62E-05
2.01E-07
1.20E-08

4.85u-06
6.51E-09
4.88E~-09

1.19E-09
5.23E-11
2.94E-09

5.49E~10
1.118-07
1.95E-~09

6,49E~12
1.75E~-09
1.14E-07
2.65E-10

3.20E-06

6.91E~06
3.26E-07
1.57E-05

9.56E~08
5.12E-06
6.35E~08

6.51E-06
6.50E~04
5.72E-03
6.82E~05

1,36E=-03
1.79E-0%

2.79E-04

(mRem per pCi Ingested)

_Kidney

1.91E-08
1084E’06
5.67E~07

1.58E~05
6.78BE-07

8.24E‘05
1.34E-06
1.43E-04

3.92E~07
2.41E-05
2‘5IE°07

4.15E-05
B.82E-06
2.B4E-05

2.25E~06
1.22E-05
1.19E-06

4.,83E-06
1.19E-04
3.44E~-05

1.02E~04
2-23E-07
1.93E-10

2.37E-08
9.69E-11
5.09E-11

8.68E~09
1.59E-09
3.61E-07
6.39E-09

2.11E-11
1.24E-08

1.09E-09
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CMP~-6

—dung
3.92E~10

4.27E-05
5.13E-06

3.67E-05
2,40E-08
1.30E-10

4.34E-08
5.58E~-10
3.70E~11

GI-LLI

31.56F-09
1.89E-05
4.21E-05

1.82E~04
4.33E-05
1.10E~05

2.34E-05
1.84E~05
5.94E~05

8.34E~06
1.01E~-04
4.36E-07

4.50E~05
2.76E-06
1.54E~-06

1.73E-06
2.95E-06
5.16E~07

2.40E-06
2.07E-06
2.27E-06

1.96E-06
1.46E-07
2.39E-05

4.21E~05
1.14E-07
1.14E-09

9.8B4E~05
30318-05
2:.47E-0S

5.55E~05
1.70E-04
4.24E-05

8.59E~08
3.58E~05
3.57E-05
2.79E-05



INGEBTION DOSE FACTORS FOR INFANI
(mRem per pCi Ingested)




FORT CALHOUN STATION
CHEMISTRY MANUAL PROCEOURE

1€1
103
105

106
110M
125M

127M
127
129M

129
131M
131

132
120
131

132
133
134

135
134
136

137
138
139

140
141
142

140
142
141

143
144
143

144
147
187
239

~.Bone

2.27E-09
1.4!5-06
1.36E-07

2.41E-05
9.96E-07
2,33E-05

5.85E-05
1.00E-06
1.00E~-04

208‘E'°7
1,52E~05
1.76E~07

2.08E-05
6.00E-06
3.59E-05

1.66E-0L6
10253-05
8.69E-07

3.64E-06
3.77E-04
4.59E-05

5022E'04
4.313-07
8.81E-07

1.71E-04
4.25E-07
108‘E‘°7

2.11E-08
1.10E-09
7.87E-08

1.48E-08
2.98E-06
8.13E-08

2.74E-10
5.53E~08
9.03E-07
1.11E-08

FC/CMP/01

INGESBTION DOSE FACTORE FOR INFANT

Liver
2.86E~09

7.27E~07
7.79E-06

1.94E-05
3.35E-07
3.43E-05

9,.79E-08
6,.12E~06
60502’08

1.03E~05
1.32E-05
4.23E-05

3.37E-06
1.82E-05
1.783-06

7.24E~06
7.02E-04
1.35E~04

6.11E~-04
7.82E-07
5.84E~-10

1.71E-07
2.91E-10
1,53E~-10

8.32E-09
4.04E-10
4.80E~-08

9.82E-06
1022E-06
3.04E~-08

1.06E-10
5.68E~08
6.28E-07
9.93E~-10

051892

Page 2 of 2
_I.Body Thyroid

2.82E-08
4.95E-07
4.58E-0C8

3,01E=~06
4.81E-07
3.15L-06

7.08E~06
20152-07
1054E'05

6.63E~08
5,05E-06
4.94E~08

9.61E~06
5.30E~06
1.86E~05

1.20E-06
5.33E-06
6.33E-07

2.64E-06
7.10E~05
5.04E~-05

4.33E-05
1.79E-07
2.55E-08

8,81E~-"5
1.34E~08
9.06E~09

2.14E-09
9.67E-11
5.65E~09

1.12E-09
1.67E~07
4.03E~09

1.38E-11
3.48E-09
2.17E-07
5.61E~10

7.84E-06

1,.69E~05
8.14E-07
3.8B4E-05

2.38E-27
1.24E-05
1.57E-07

1.52E~05
10‘8E'03
1.39E~02
1.58 ~04
d+31 03
4.15E~05

6.49E-04

I S A

(mRem per pCi Ingested)

_Kidney

3.40E~08
3.0BE-06
1.00E~-06

2.85E~05
1:0‘2-06

1.44E-04
2.44E-06
2.50E~04

7.07E=07
4.21E-05
4.50E-07

6.44E-05
1.45E-05
4.94E~-05

3.76E~06
ZQI‘E-OS
1.99E-06

8.07E~-06
1081E-04
5.38E~-05

1.64E-04
3.90E-07
3.51E-10

4.06E-08

1.75E-10
8,81E~11

1.4RE~08
2.86E-09
4.93E-07
1,11E~-08

3.84E~11
2. 18

1.98E~09
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CMP~6

hung__
1,56E-09

7.42E~05
10108-05

6.64E-05
6.09E~08
3.54E-10

1.05E~07
1.77E-10
9.26E-11

GI=LLI.

4.86E-07
1.80E~05
5.41E-05

1.83E-04
3.77E~05
1.11E-05

2.36E-05
2.10E-05
5.97E~08

2.27E~05
1.03E-04
7.11E-06

3.81E-05
2.8B3E-06
1.51E~06

2.73E~06
J.08E-~06
1.84E~06

2.62E-06
1.91E-06
2.05E-06

1.91iE-06
1.25E-06
5.58E-05

4.20E-05
5.19E-06
7.59E-07

9.77E-05
6.86E~05
2.48E-05

5.73E~08
1.71E-04
4.29E-05

4,93E-06
3.60E-05
3.69E~-05
2.87E-05



FORT CALHOUN STATION M a) /i
CHEMISTRY MANUAL PROCEDURE e

Parameter

~Symbol
f

£

FC/CMP/01

TABLE 15

RECOMMENDED VALUES FOR OTHER PARAMETERS

Page 1 of 2

Definition

PAGE 41 OF 42

CMP~6

Valves

Fraction of produce ingested grown in garden
of interest.

Fraction of leafy vegetables grown in garden
of interest,

Effective surface density of soil (assumes a
15 cm plow layer, expressed in dry weight)

Fraction of deposited activity retained on
crops, leafy vegetables, or pasture grass.

Attenuation factor accounting for shielding
provided by residential structures.

Period of long-term buildup for activity in
sediment or soil (nominally 15 yr).

Period of crop, leafy vegetable, or pasture
grass exposure during growing season.

Transport time from animal feed-milk-man
provided by residential structures.

Time delay between harvest of vegetation
or crops and ingestion.
i) For ingestion of forage by animals

RECOMMENLCD VALUES FOR OTHER PARAMETERS

051892

240 kg/m’

0.25

1.0 (for iodines)

0.2 {(for other
particulates)

0.7 (for mayimum
individuale)

0.5 (for general
population)

1.31 x 10' hr

720 hrs (30 days,
for grass-cow-
milk-man path=-
way)

1440 hrs (60 days
for crop/
vegetation-man
pathway)

2 days (for max.
individual)

4 days (for gen.
population)

Zero (for pasture
grass)

2160 hr (90 days
for stored
feed)
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Page 2 of 2

Parameter
By wl _ Pefinition Values

ii) For ingestio. of crops by man 24 hr (1 day, for
leafy vege~
tables & max.
individual)
feed)

1440 hr (60 days
for produce &
maximum in-
dividual)

136 hr (14 days
for general
population)

Environmental transit time, release to recep- 12 hr (for max.
tor (add time from release to exposure point individual)
to minimume shown for distribution) 24 hr (for gen.

population)

24 hr (for max.
individual)

168 hr (7 days
for population
sport fish
doses)

240 hr (10 days
for population
commercial
fish doses)

t, Average time from s.aughter of meat animal to 20 days
consumption.

Agricultural producitivity by unit area (mea~- 0.7 kg/m’ (for
sured in wet weight) grass-cew=-milk
man pathway)

|

l 2,0 kg/m’ (for
produce or
leafy vegeta-

} bles ingested

' by man)

\

|

r

|

A Rate constant for removal of activity on plant 0.0021 hr'

or leaf surfaces by weathering (cerresponds to
A l4-day half-life)

FC/CMP/01 051892



