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l.o

INTROCUCTION

This Semiannual Radioactive Effluent Release Report is for Union
Electric Company's Callaway Plant and is submitted in accordance
with the requirements of Technical Specificaticn 6.9.1.7. The
report covers the period from January 1, 1985 through June 30, 1985.

This report includes a summary of the quantities of radicactive
liquid and gaseous effluents and solid waste released from the
plant. The information is presented in accordance with the format
outlined in Appendix B of Iegulatory Guide 1.21, Revision i, June
1974.

All liquid and gaseous effluents discharged during this reporting
period were in compliance with the 1 mits of the Callaway Plant
Technical Specifications.
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2.0

2.1

2.1.1

2.1.2

SUPPLEMENTAL INFORMATION

Regulatory Limits

Specified as follows are the technical specification limits
applicable to the release of radioasctive material in liquid and
gaseous effluents.

Fission and Activation Gases (Noble Gases)

The dose rate due to radicactive noble gases released in gaseous
effluents from the site to areas at and beyond the site boundary
shall be limited to less than or equal to 500 mrem/yr to the total
body and less than or equal to 3000 mrem/yr to the skin.

The air dose due to noble gases released in gaseous effluents, from
each unit, to areas at and beyond the site boundary shall be limited
to the following:

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

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

Radiociodine, Tritium, and Particulates

The dose rate due to Iodine 131 and 133, tritium and all
radionuclides in particulate form with half lives greater than eight
(8) days released in gaseous effluents from the site to areas at and
beyond the site boundary shall be limited to less than or equal to
1500 mrem/yr to any organ.

The dose to a member of the public from Ilodine 131 and 133, tritium,
and all radionuclides in particulate form with half-lives greater
than eight (8) days in gaseous effluents released to areas at and
beyond the site boundary shall be limited to the following:

a. During any calendar quarter: Less than or equal to 7.5 mrem to
any organ and,

b. During any calendar vear: Less than or equal to |5 mrem to any
organ.
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2.2

2.2.1
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Liquid Effluents

The concentration of radicactive material released in liquid
effluents to wunrestricted areas shall be limited to the
concentrations specified in 10 CFR Part 20, Appendix B, Table II,
Column 2 for radionuclides other than dissolved or entrained noble
gases. For dissolved or entrained noble gases, the concentration
shall be limited to 2.0E-04 microcuries/ml total activity.

The dose or dose commitment to an Individual from radiocactive
materials in liquid effluents released to unrestricted areas shall
be limited:

& During any calendar quarter to less than or equal to 1.5 mrem
to the total body and less tham or equal to 5 mrem to any
organ, and

b. During any calendar vear to less than or equal to 3 mrem to the
whole body and to less than or equal to 10 mrem to any organ.

Uranium Fuel Cycle Sources

The annual (calendar year) dose or dose commitment to any member of
the public due to releases of radiocactivity and to radiation from
uranium fuel cycle sources shall be limited to less than or equal to
25 mrem to the total body or any organ, except the thyroid, which
shall be limited to less than or equal to 75 mrem.

Maximum Permissible Concentraticns

The maximum permissible concentration values specified in 10CFR20,
Appendix B, Table II, Column 2 are used to calculate release rates
and permissible concentrations of liquid radiocactive effluents at
the unrestricted area boundary. A value of 2.0E-4 microcuries/ml is
used as the MPC for dissolved and entrained noble gases in liquid
effluents. The concentration limit used to calculate the percent of
limit for mixed fission and activation products in Table 2A is
3.0E-7 microcuries/cc. A limit of 3.0E-3 microcuries/ml (i.e., H=]
MPC value) is utilized in the calculation of the percent of limit
for tricium in Table 2A.

For gaseous effluents, maximum permissible concentrations are not
directly used in release rate calculations since the applicable
limits are stated in terms of dose rate at the unrestricted area
boundary.

Average Energy

This is not applicable to the Callaway Plant's radiological effluent
technical specifications.




2.4

2.5

2.5.1

2.5.1.1
2.5.1.2
2.5.1.3
2.5.1.4
2.5:1.5

2.5.1.6

2.5.2

2.5.2.1
2.5.2.2
2.5.2.3

2.5.2.4

2.5'2'5

Measurements and Approximations of Total Radioactivity

The quantification of radiocactivity in liquid and gaseous effluents
was accomplished by performing the sampling and radiclogical
analysis of effluents in accordance with the requirements of Table
4,111 and Table 4.11-2 of the Callaway Plant Technical
Specifications (See attachments 1l and 2).

Gamma spectroscopy was the primary analysis technique used to
determine the radionuclide composition and concentration of liquid
and gaseous effluents. For Sr-89, Sr-90, and Fe-55 composite
samples were collected and analyses performed by a contract
laboratory. For these radionuclides the measured concentratiorns of
the previous composite analyses were used. Tritium and alpha were
measured for both liquid and gaseous effluents wusing liquid
scintillation <counting and gas flow proportional counting
techniques, respectively.

The measured total radicactivity in effluent releases was determined
from the measured concentrations of each radionuclide present and
the total volume of effluents discharged. GCross beta or gamma
radioactivity measurement techniques were not utilized to approxi-
mate the total radioactivity in effluents.

Batch Releases

Liquid

Number of batch releases: 453

Total time period for batch releases: 55173.0 minutes
Maximum time period for a batch release: 395.0 minutes
Average time period for batch releases: 121.8 minutes
Minimum time period for a batch release: 3.0 minutes

Average stream flow during periods of release of effluent into a
flowing stream: 69,000 cfs

Gaseous

Number of batch releases: 44

Total time period for batch releases: 15803.0 minutes
Maximum time period for a batch release: 4182.0 minutes
Average time period for batch releases: 359.2 minutes

Minimum time period for a batch release: 17.0 minutes
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2.6 Abnormal Releases

2.6.1 Liquid

2.6.1.1 Number of releases: 1

2.6.1.2 Total Activity released: 3.15E-2 Curies
2.6.2 Gaseous

2.6.2.1 Number of releases: 0

2.6.2.2 Total Activity released: 0

3.0 SUMMARY OF GASEOUS RADIOACTIVE EFFLUENTS

Jed The quantities of radiocactive material released in gasecus efflueats
are summarized in Table 1A and 1B. Note that for this repo-ting
period no gaseous effluents were considered as elevated release .

4.0 SUMMARY OF LIQUID RADIOACTIVE EFFLUENTS

4.1 The quantities of radiocactive material released in liquid effluents
are summarized in Table 2A and 2B.

N

5.0 SOLID WASTES

9.1 The quantities of radiocactive material released in shipments of
solid waste and irradiated fuel transported from the site during the
reporting period are summarized in Table 3.

6.0 RELATED INFORMATION

6.1 Unplanned Releases

6.1.1 On February 8, 1985, an unplanned release occurred from Secondary

Liquid Waste Monitor Tank B (TiF04B) which resulted in the discharge
of 170 gallons of waste water without an effluent release permit.

Effluent release permit CAL-85-L109 had been generated for the
discharge of Liquid Waste Monitor Tank B (THBO7B), however, due to
personnel error, release of Secondary Liquid Waste Monitor Tank B
was initiated instead of Liquid Waste Monitor Tank B. This
condition was recognized by persconnel in the Control Room and the
release was immediately terminated.

Samples had been collected from Secondary Liquid Waste Monitor Tank
B prior to the inadvertent release. These samples were analyzed and
a radiological assessment of the release was conducted in accordance
with the Callaway Plant Offsite Dose Calculation Manual. Results of
this evaluation are as follows:
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Radicactivity Concentrations H=3 4.90E-2 uci/ml

present in the tank: Xe~-133 7.80E-6 uci/ml
Xe=135 5.54E-8 uci/ml
Concentrations at unrestricted H=3 3.97E+4  uci/ml
area boundary: Xe~133 6.33E-8 uci/ml
Xe=135 4.49E-10 yci/ml

Percent of MPC (Total): 13.3%

Activity released: 3.15E-2 Curies

Total body Offsite Dose: 4.52E-8 mrem

Percent of quarterly total body dose limit: 3.0E-6X

No technical specifications or 10CFR20 limits were exceeded as a
result of this. release. Corrective actions have been taken ¢to
prevent recurrence.

6.2 Chaages to the Process Control Program

Revision 3, to the Callaway Process Control Program (PCP) was issued
March 1, 1985. This revision incorporated revised formulations for
the solidification of concentrated wastes (borated), revision to the
' boric acid binding agent (sodium metasilicate) addition chart, and
incorporation of a new solidification formulation chart for
non-borated concentrated wastes. Minor text wording changes were
N\ required due to these changes. Attachment 5 includes documentation
of the fact that the change has been reviewed and found acceptable
by the On-site Review Committee (ORC).

6.3 Changes to the QOffsite Dose Calculation Manual

Changes incorporated into revision 3 of the Callaway Plant Offsite
Dose Calculation Manual include:

1) Cleanup of typographical errors previously identified by an
errata transmitted by letter, ULNRC-803, dated April 17, 1984
from Mr. Donald F. Schnell, Vice President Nuclear, Union
Electric Company to Mr. Harold R. Denton, Director Office of
Nuclear Reactor Regulation, U.S. Nuclear Regulatory Commission.

2) Incorporation of changes resulting from the 1984 Land Use
Census.

k) Incorporate changes to environmental monitoring station
locations previously described in the above referenced letter.

Attachment 3 includes copies of the revised pages of the ODCM, a

detailed explanation of the changes and documentation of the review
and approval of the changes by the ORC.
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6.4 Major Change: to Radwaste Treatment Systems

During this reporting period, a modification to the liquid radwaste
treatment system was completed. This modification involved the

4 addition of two 100,000 gallon batch waste release tanks. These
tanks were required due to an increase ‘n the volume of secondary
liquid waste, specifically waste from condensate demineralizer
(polisher) regenerations.

Original design estimates of the volume of secondary liquid wastes
from regeneration of the condensate polishers was 17,000 gallons per
day. Plant operational data has shown waste volumes averaging
43,000 gallons per day. The addition of the two 100,000 gallonm
tanks was foreseen as a means of providing adequate storage volume
for this increase in wastes from regeneration of the condensate
polishers as well as to provide required sampling and analysis time
prior to discharge to the environment. On September 11, 1984, this
requested modification was approved by the On-site Review Committee.

An application was submitted to NRR on October 3, 1984, requesting a
revision to the Technical Specifications to allow the addition of
two 100,000 gallon tanks (a copy of this letter is shown as
Attachment 4). Based upon NRC approval granted on February 4, 1985,
(see Attachment 4), work commenced in implementing the subject

N\ modification with £final installation and acceptance of the
modification occurring during June 1985.

A detailed acscription of the subject modification is contained in
the Safety Evaluation and Significant Hazards Consideration
presented in Attacnwont 4, ULNRC-937. As stated therein, the
requested modification "does not involve a significant increase in
the probability or consequence of an accident or other adverse
condition over previous evaluations; or create the possibility of a
new or different kind of accident or condition over previous
evaluations; or involve a significant reduction in a margin of

safety".
.5 Land Use Census Changes
8 New critical receptor lccations for dose calculations as determined

by the most recent land use census are listed as follows:

Previous Location New Location
Nearest Cow 2575 meters W sector 5053 meters NW sector
Nearest Goat 3540 meters NNE sector 5052 meters NW sector
Nearest Vegetable 2736 meters NNW sector 2865 meters NNW sector
Garden
Nearest Residence 2736 meters NNW sector 2865 meters NNW sector
7
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6.6

Inoperability of Effluent Moni:orin;ﬁInstrumcntacion

This section of the report covers the inoperability of the Unit Vent
gaseous effluent monitor GT-RE-21B from 5/29/85 to 6/11/85. Details
of this incident are covered in Licensee Event Report 85-028-00. A
summary of the gaseous radicactive effluents released from the Unit
Vent during this time period is provided.

The activity released from the Aux/Fuel Building HVAC System from
5/29/95 to 6/11/85 as determined by performance of the routine
gaseous radioactive effluent 3smpling and analysis program (see
Section 2.4) was:

H=3 1.24E~1 Curies
Xe-~133 1.52E+] Curies
Xe~135 5.20E~1 Curies
I-131 6.35E-6 Curies
I-133 1.19E-6 Curies
Gross Alpha 1.64E~7 Curies

During this period three containment purges were conducted. During
each purge redundant particulate, radioiodine and gaseous
radicactivity monitors, GT-RE-22 and GT-RE-33, were operable and
provided continuous monitoring with alarm and isolation capability.
The total activity released from these three containment purges i3
presented as follows:

H=3 4,79E-1 Curies
Kr-85m 4,25E-2 Curies
Kr-85 1.50E O Curies
Kr-88 2.19E-2 Curies
Xe=131m 1.78E 0 Curies
Xe~133m 2.43E O Curies
Xe-133 2.12E+2 Curies
Xe-135 1.05E O Curies
Ar-41 2.10E-1 Curies

The offsite doses resulting from the effluents released from the
Unit Vent during this period were only a small fraction of Technical
Specification limits.
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TABLE 1B

SEMIANNUAL AIRBORNE CONTINUOUS AND BATCH RELEASES

GROUND LEVEL RELEASES
FISSION GASES, IODINES, AND PARTICULATES

QUARTERS | AND 2, 1985

CONTINUQUS RELEASES

BATCH RELEASES

NUCLIDE UNIT QUARTER 1 QUARTER 2 QUARTER | QUARTER 2
FISSION GASES
KR-85M CURIES 1.35E 00 3.24E-01 2.68E-01 6.67E-02
KR-85 CURIES 0.00E 00 0.00E 00 0.09E 00 L.57E 00
KR-87 CURIES 1.91E-01 0.00E 00 0.00E 00 0.00E 00
KR-38 CURIES 1.37E 00 4.06E-01 1.56E-01 2.63E-02
XE-131M CURIES 1.73E Q0 0.00E 00 8.90E-01 6.97E 00
XE-133M CURIES 2.81E-01 8.99E-02 2.74E 00 3.42E 00
XE-133 CURIES 7.15E 01 9.75E 01 2.10E 02 4.56E 02
XE-135M CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
XE-135 CURIES 5.60E 00 4.38E 00 5.73E 00 1.59E 00
11-138\ CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
AR=-41 CURIES 0.00E 00 0.00E 00 7.91E=-01 8.67E-01
TOTAL FOR PERIOD CURIES 8.20E 01 1.03E 02 2.21E 02 4.70E 02
IODINES
I-131 CURIES 5.09E-06 ) .86E-05 2.69E-07 1.53E-08
I-133 CURIES 0.00E 00 1.19E-06 J.00E 00 0.00E 00
I-135 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
TOTAL FOR PERICD CURIES 5.09E-06 1.98E-05 2.69E-07 1.53E-08
PARTICULATES
H=3 CURIES 3.71E-01 8.14E-01 1.88E-01 7.71E=01
NA-24 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
MN-54 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
FE-59 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
Co-58 CURIES 0.00E 00 1.23E-05 1.46E-07 0.00E 00
C0-60 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
IN-65 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
SR-89 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
MO-99 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
Cs-134 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
PAGE | of 2
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TABLE 1B

SEMIANNUAL AIRBORNE CONTINUOUS AND BATCH RELEASES
GROUND LEVEL RELEASES
FISSION GASES, IODINES, AND PARTICULATES
QUARTERS 1 AND 2, 1985

CONTINUOUS RELEASES BATCH RELEASES

NUCLIDE UNIT QUARTER 1 QUARTER 2 QUARTER 1 QUARTER 2
PARTICULATES CONTINUED

CS-137 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
BA-140 CURIES 0.00E 00 0.00E 00 0.0CE 00 0.00E 00
LA-140 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
CE-141 CURIES 0.CCE 00 0.00E 00 0.00E 00 0.00E 00
CE-144 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
SR-90 CURIES 0.00E 00 0.00E 00 0.00E 00 3.39E-08
G ALPHA CURIES 5.01E-07 1.68E-06 2.00E-08 2.04E-08
UNIDENTIFIED CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
TOTAL FOR PERIOD CURIES 3.71E-01 8.15E-01 1.88E-01 7.71E-01

PAGE 2 OF 2



TABLE 2A

SEMIANNUAL SUMMATION OF LIQUID RELEASES

ALL LIQUID EFFLUENTS

QUARTERS | AND 2, 1985

UNIT QUARTER 1 QUARTER 2 EST TOTAL
TYPE OF EFFLUENT ERROR 7
FISSION AND ACTIVATION PRODUCTS
TOTAL RELEASE (NOT INCLUDING
TRIT™'M, GASES, ALPHA) CURIES 1.39E-04 9.84E-04 2.50E 01
AVERAE DILUTED CONCENTRATION
DURING PERIOD UCI/ML 1.56E~10 1.87E-09
PERCENT OF APPLICABLE LIMIT p 4 5.20E-02 6.23E-01
TRITIUM
TOTAL RELEASE CURIES 1.55E 02 1.63E 02 2.50E 01
AVERAGE DILUTED CONCENTRATION
DURING PERIOD UCI/ML 1.74E-04 3.09E-04
PERCENT OF APPLICABLE LIMIT b4 5.80E 00 1.03E 01
F
DISSOLVED AND ENTRAINED GASES
%——TOTAL RELEASE CURIES 1.06E-01 1.17E=01 2.50E 01
— e
AVERAGE DILUTED CONCENTRATION
.~ DURING PERIOD uci/ML 1.19E-07 2.22E-Q7
~ PERCENT OF APPLICABLE LIMIT 4 5.95E-02 1.11E=01
GROSS ALPHA RADIOACTIVITY
——
TOTAL RELEASE CURIES 4,79E-04 2.87E-04 2.50E 01
-
WASTE VOL RELEASED (PRE-DILUTION) GAL 7.38E 06 5.34E 06 1.00E 01
VOLUME OF DILUTION WATER USED GAL 2.28E 08 1.34E 08 1.00E 01
PAGE | OF 1

e T L

AN

RIRT RIS UV AL R TPery Y T PY P TR LRI et i



TABLE 2B

SEMIANNUAL LIQUID CONTINUOUS AND BATCH RELEASES
TOTALS FOR EACH NUCLIDE RELEASED
QUARTER | AND 2, 1985

CONTINUOUS RELEASES BATCH RELEASES

NUCLIDE UNIT QUARTER 1 QUARTER 2 QUARTER 1 QUARTER 2
ALL NUCLIDES

H=-3 CURIES 0.00E 00 3.70E-02 1.55E 02 1.63E 02
NA-24 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
CR=-51 CURIES 0.00E 00 0.00E 00 0.00E 00 C.00E 00
MN-54 CURIES 0.00E 00 0.00E 00 0.00E 00 1.48E-06
FE-55 CURIES 0.00E 00 0.00E 00 0.00E 00 4.34E-04
FE-59 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
Co-58 CURIES 0.00E 00 9.98E-06 7.74E=-05 3.48E-04
Co-60 CURIES 0.00E 00 G.COE 00 0.00E 00 0.00E CO
IN-65 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
SR-89 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
IZN-95 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
NB-95 CURIES 0.00E 00 0.00E 00 1.35E=-06 0.00E 00
MO0-99 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
TC-99M CURIES 0.00E 00 0.00E 00 6.29E-06 0.00E 00
I-131 CURIES 0.00E 00 0.0CE 00 4.94E-05 1.19E-04
I-133 CURIES 0.00E 00 0.0CE 00 3.75E-06 5.19E-05
I-135 CURIES 0.00E 00 0.00E 00 0.00E 00 1.44E-05
Cs-134 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
Cs-137 CURIES 0.00E 00 0.00E 00 0.00E 00 1.57E-06
LA-140 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
CE-141 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
CE~-144 CURIES 0.00E 00 0.00E 00 0.00E 00 3.86E-06
W-187 CURIES 0.00E 00 0.00E 00 0.00E 20 0.00E 00
KR-85M CURIES 0.00E 00 0.00E 00 2.32E-07 0.00E 00
XE-131M CURIES 0.00E 00 0.00E 00 9.44E-04 7.43E-04
XE-133 CURIES 0.00E 00 0.00E 00 1.03E-01 1.13E-01
XE-133M CURIES 0.00E 00 0.00E 00 7.37E-04 1.11E-03
XE-135 CURIES 0.00E 00 0.00E 00 1.18E-03 1.63E-03
Xe~135M CURIES 0.00E 00 0.00E 00 4.87E-05 1.97E-04
Ba-140 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
SR-90 CURIES 0.00E 00 0.00E 00 0.00E 00 0.00E 00
G ALPHA CURIES 0.00E 00 0.00E 00 4.79E-04 2.87E-04
UNIDENTIFIED CURIES 0.00E 00 G.00E 00 0.00E 00 0.00E 00
TOTAL FOR PERIOD CURIES 0.0CE 00 3.70E-02 1.55E 02 1.63E 02

PAGE 1 OF 1
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TABLE 3
EFFLUENT AND WASTE DISPOSALY SEMIANNUAL REPORT

SOLID WASTE AND IRRADIATED FUEL SHIPMENTS
QUARTERS 1 AND 2, 1985

SOLID WASTE SHIPPED OFFSITE FOR DISPOSAL

WASTE TYPE SOLIDIFICATION AGENT CUBIC METERS WASTE CLASS TYPE OF CONTAINERS CURIES

Z ERROR (CI)

Spent Resins Cement 12.7 A LSA 3.6E-02

Estimates Of Major Nuclides By Waste Type

WASTE TYPE NUCLIDE ABUNDANCE CURIES
Spent Resins H-3 100% 3.6E-02

Solid Waste Disposition Summary

NUMBER OF SHIPMENTS MODE OF TRANSPORTATION DESTINATION

1 TRUCK RICHLAND, WA

IRRADIATED FUEL SHIPMENTS (DISPOSITION)'

NONE

PAGE 1 OF 1
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ATTACHMENT 1|

TABLE 4.11-1
RADICACTIVE LIQUID WASTE SAMPLING AND ANALYSIS P80GAAM

Amendment No. 2

LOWER LIMIT
MINIMUM OF DETECTION
LIQUID RELZASE SAMPLING ANALYSIS TYPE QF ACTIVITY (L)
TYPE FREQUENCY FREQUENCY ANALYSIS (uCi/ml)
1. Batch waste P - -7
Release gach Batzch Each Batch |Principal Gamma Sx10
Tanks(Z) Eai::crs(B)
I-131 10"
a. Waste
Monitar s
Tank B M Oissclved ande 1x10 5
Cne Batch/M Entrained Gases |
(Gamma Zmitters)
b. Seccndary
Liquid =
waste P M gylH3 1x10°°
Monitor Each Batch Composite ——
N Tank Gross Algha Ix10 °
c. Discharge B Q (4) Sr—89, Sr-30 s:;o’a
Moniter Each Batch Compesite’ —
Tank Fe-25 1x107°
2. Centinucus W Principal Gamma Sx::-7
4
Qoloasts(s) Dai1y‘5) Ccupositl(4) Eaittnrs<3)
Grab Samgle
1-131 1x10°°
Steam
Generater ] -k
81 owcown M M Oissolved ane | 1x10°°
Grabp Sample gEntrained Gases |
(Gamma Emit:nrs}:
ML K3 1x10°°
Dai1y(®) Composite ™) ' -
Grab Sample Gross Alpha ix10
B 0 qy| S88, S0 sx10°2
Daily Composite 3
Grab Sample . Fe-35 1x10
3/4 11-2

CALLAWAY - UNIT 1
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ATTACHMENT 1

TARLL 4. 11-1 (Continued)

TABLE NOTATIONS o S —_

(1)The LLD is defined, for purposes of these specifications, as the smailest

concentration of racdicactive material in a sample that will yield a net
count, above system background, that will be detected with 95X probapility
with only 5% probability of falsely concluding that a blank cbservation
represents a “real” signal.

For a particular measurement system, which may incluce raciochemical
separation:

4.66 Sy

LD =
E -V =+ 2,22 x10% - Y - exp (=Aat)

where:

LLD = the “a priori" lower limit of detection (microCuries per unit
mass or volume),

. the standard deviation of the background counting rate or of

the counting rate of a dlank sample as appropriate (counts per
minute),

E = the counting efficiency (counts per disintegration),

Y = the sample size (units of mass or volume),

2.22 x 10% = the number of disintegrations per minute per microCurie,
Y = the fractional radiochemical yield, when applfcable,

A = the radicactive decay constant for the particular radionuclide
(s='), and

At = the elapsed time between the midpoint of sample collection
and the time of counting (s).

Typical vaiues of E, V, Y, and At should be used in the calculation.

it should be recognized that the LLD is defined as an a priori (before
Lthe tact) limit representing the capability of a measurement system anc
not as an a posteriori (after the fact) limit for a particular measurement.

(2)A batch release is the discharge of liquid wastes of a discrete volume.
Prior Lo sampling for analyses, each batch shall be isolated, and

then Lhoroughly mixed by a method described in the OOCM to assure
renresentative sampling.

CALLOWAY = UNIT 1 3/4 11-3
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ATTACHMENT 1 REVIS|oN 1 -

TABLE 4 11-1 (Continued) ~

TABLE NOTATIONS (Continued)

(3)The principal gamma emitters for which the LLD specification applies
include the following radionuclides: Mn-54,6 Fe-59, Co-58, Co-60, In-65,
Mo=-99, Cs-134, Cs-137, Ce-141, and Ce-144. This list does not mean that
only these nuclides are to be considered. Other gamma peaks that are
identifiable, together with those of the above nuclides, shall also be
analyzed and reported in the Semiannual Radiocactive Effluent Release Report
pursuant to Specification 6.9.1.7, in the format outlined in Regulatory
Guicge 1.21, Appendix B, Revision 1, June 1974,

(4)A composite sample is one in which the gquantity of ligquid samplied is
proportional to the guantity of liquid waste discharged and in which the
method of sampling employed results in a specimen that is representative
of the liquids reieased. Prior to analysis, all samples taken for the
composite shall be thoroughly mixed in order for the composite samples
to be representative of the effluent release.

(S)A continuous release is the discharge of liquid wastes of a nondiscrete
volume, e.g., from a volume of a system that has an input flow during the
continuous release.

(6)Samples shall be taken at the initiation of effluent flow and at least once
y ber 24 hours thereafter while the release is occurring. To be representa-
tive of the liquid effluent, the sample volume shal)l te proportioned to the
effluent stream discharge volume. The ratio of sample volume to effluent
fischarge volume shall be maintained constant for al) samples taken for
the composite sample.

CALLAWAY - UNIT 1 3/4 11-4
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TABLE 4.1122

RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM

. A U MINIMM | LOWER_ LINIT, OF
SAMPLING ANALYSIS T1YPE OF DETECTION (.1D)
GASEOUS RELEASE IYPE - FREQUENCY FREQUENCY ACTIVITY ANALYSIS (pCi/ml)
: TP P ]
A, waste Gas Decay Ckach Tank Each Tank Principal Gamma i-iuers(z) Ix1C :
Tank Grab
| Sample 1 .
b s (1) i) (2) -4
F' Coauim’l Purge Each PURGE Each PURGE Principal Gamma Emitters 1x10
or Vent gwu 6 et
. M -3 (oxide) 1x10
1 Unit Vent : HU)‘(” u‘” Principal Gamma (-iuors(z) mo"
Grab T 2
Sample N L e H-3 (oxide) ix10
lo. spent Fuel Building w9 M Principal Ganma Emitters(?) a0
Exhaust Grab Sample %) 3
- 8- W H-3 (oxide) 1210
fs.  Radwaste Building M Principal Gamsa Emitters'?) 110!
Venl Grab Sample M
5. All Release Types Conlmuuus“) (8) H(” 1-131 l:lﬂ-‘z
as listed in 1, Charvcoal -10 I
2..3%3.4., d = - Sample 1 1-333 1x10 :
5. dhove cont inuous'®) (&) W Principal Gamma Emitters'?) T
Particulate
[E— T L[ — r—
Cuntimaous‘“ (8) M Gross Alpha mo'”
Composite
Particulatle
e e I e ————————
Contioman' ™ (93 qQ Sr-89, Sr-90 AL
Composite
Particulate
Samp le S ——

I NOIsiAzy
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ATTACHMENT 2 REVISION 1 -

TABLF 4 11-2 (Continued)

TABLE NOTATIONS

(1)Ihe (TD Ts definec, for purposes of these specifications, as the smallest
concentration of radicactive material in a sample that will yield a net
count, Above system background, that will be detected with 95% prodbability
with only 5% probability of falsely concluding that a blank observation
represents a “real" signal.

fur a particular measurement system, which may include radiochemical
separation:

4 66 Sy

Ll = .
E + V + 2.22 x 10% - ¥ - exp (-AAt)

where:

(LU = the "a priori” lower limit of detection (microCuries per unit
mass or volume),

e the standard deviation of the background counting rate or of

the counting rate of a blank sample as appropriate (counts per
minute),

£ = the counting efficiency (counts per disintegration),

v = the sample size (units of mass or volume),

2 22 x 10% = the number of disintegrations per minute per microCurie,

Y * the fractional radiochemica) yield, when applicable,

A = the radiocactive decay constant for the particular radionuc) ide
(s='), and

At = the elapsed time Detween the midpoint of sample collection ang
the time of counting (s).

Typical values of E, V, Y, and At should De used in the calculation.
[L should be recognized that the LLD is gefined as an a priori (before

Ihe fact) limit representing the capability of a measurement system and
not as an a posteriori (after the fact) limit for a particular measurement.

CALIAWAY = UNLT | 3/4 11-10
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ATTACHMENT 2

REVISIoN 1 - —
TABLE & 11-2 (Continued)

TABLE NOTATIONS (Continued)

(2)The principal gamma emitters for which the LLD specification applies
include Lhe following radionuclides: Kr=87, Kr-88, Xe=131,
Xe-133m, Xe-135, anc Xe=138 in noble gas releases and Mn=-54, Fe=-59,
Co-58, Co-60, In-65, Mo-99, 1-131, Cs-134, Cs~=137, Ce-141, ana Ce=-144 in
jodine and particulate releases. This list does not mean that only these
nuc|ides are to be considered. Other gamma peaks that are identifiable,
togelher with those of the above nuclides, shal)l alsc be analyzed and
reported in the Semiannual Radicactive Effluent Release Report pursuant
to specification 6.9.1.7, in the format outlined in Regulatory Guice 1.21,
Appendix B, Revision 1, June 1974,

(1)Sempling and analysis shall also be performed following shutdown, startup,
or 1 [HERMAL POWER change exceeding 15% of RATED THERMAL POWER within i
hour period.

(4)Tritium grab samples shall be taken and analyzed at least once per 24 hours
when the refueling canal is flooded.

(§)Tritium grab samples shall be taken and analyzed at least once per 7 gavs
N trom the ventilation exhaust from the spent fuel poo! area, whenever sgent
fuel is in the spent fuel ponl. Grab samples need o D= taken cnly when
spent fuel is in the spent fuel pool.

(8)The ratio of the sampie flow rate to the sampled stream flow rate snall
be known for the time pericd covered by each dose or dose rate calculatien
made in accordance with Specifications 3.11.2.1, 3.11.2.2, ana 3.11.2.3.

(7)Sampiws shall be changed at least once per 7 days and analyses shall ce
completed w thin 48 nours after changing, or after removal from sampler.
for unit vent, sampling shall also be performed at least once per 2& nours
tur AL least / days following each shutdown, STARTUP or THERMAL POWER cnange
excevding |5% of RATED THERMAL PQWER within a l-nour periog anc analyses
shall be compleLed within 48 hours of changing. when samples collected
tur 28 hours are analyzed, the corresponding LLOs may De increasad Dy a
tactor of L0, This requirement does not apply 1f: (1) anmalysis shows
that the DOSE EQUIVALENT [-131 concentration in the reactor coolant nhas
not increased more tham a factu= of 1, ana (2) the noble gas moniter
shows that effluent activity has not increased more “han a factor af 3

(8)Continuous sampling of the spent fuel Building exhaust needs tc Ce performec
gnly when spent ‘uel is in the spent fuel pool.

CAlL LAWAY = UNIT | /e 1l-11
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ATTACHMENT 3

OFFSITE DOSE CALCULATION MANUAL CHANGES

This Attachment contains the following:

Description of Changes to the ODCM
page | through 3

Callaway Plant ORC Meetinz Minutes
page 1 through 2

ODCM Procedure Request Form Package
page | through 8

ODCM Rev. 3 Page Changes

Pages: title page, list of effective pages, i, ii, iii, iv, v,
vi, vii, viidi, 11, 13, 17, 18, 19, 21, 33, 38, 39, 40, 41, 46,

T, 51, 52, 53, 54, 55, 56, 57, 58, 59, 72, 74, 76, 78, 80, 81,
83, Figure 5.1A, Figure 5.1B, Figure 5.3, 90, 91, %2, 93, 95,
96, 97, 98, 99, 100, 101, 102



ATTACHMENT 3

Description of Changes To The ODCM

The following presents justification for the changes to the ODCM. A copy of
the revised pages and documentation of ORC approval is included.

Pnle 11

Minor typographical error.

Page 13

Changes "Iadividual" to "Member of the Public". Removed the term "from
each unit" as the Callaway Plant is a single unit site. This is
sonsistent with the wording of Callaway Plant Technical specificationms.

Page 17

The former wordirg, "nuclides which are below the LLD for the analyses
are reported as '"less than" the nuclides Minimum Detecable Activity (MDA
.« + +.," was somewhat confusing and ambiguous. The revised wording
provides clarification with respect to the use of the MDA for nuclides
shat are not detected.

Pages 18 & 19 (Table 1)

Added Ingestion Dose Commitment Factor values for Br-85, Y-93, Te-10l,
Ba-14., Ba~l42, and La-l142.

Pa.c 21

Removed the term "from each unit", as the Callaway Plant is a single unit
site.

Page 33

The former derinition indicated that Qi was applicable only to
radicicdines., The new definition clearly applies to all radionuclides.

Page 38

Removed the term "from each urit".

Pages 39 & 40

Revised "Individual" to "Member of the Public". Removed the term "from
each unit",

Page 41

Revised to allow application of D/Q values at or beyond the Site
Boundary, as appropriate, in accordance with Tech Spec 3.11.2.3.

PAGE 1 OF 3
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Revised to read Tc-99m instead

Skin dose factor Te-13]l was revised from 3.45E7 to 3.4

value was miscalculated due to an apparent typographical

L Pi

Guide 1.109.

Pages 51,

2N

#20. Corrected error

tual station locations.
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ORC Meeting #433s

ORC OPEN ITEMS LIST

JTG Punchlist items:

#351 - At the first refueling outage: Normal exhaust fans, Aux.
Bldg, didn't meet Acceptance Criteria 2.3 in slow speed; need
CMR 84~0271A prior to work.

Physical Security Plan Change Notice #235 held open pending
clarification of documentation on security boundaries.

TR 85-036 held open (status change) pending PM performance
(MPE-ZZ-QS005) indicates no problems found. Action assigned Asst,
Manager O&M.

APA-ZZ-00748, Rev. 0, held open pending further review of procedure
by Industrial Relations. APN has action. Due date July 19, 1985.

IR 85-0235 held open pending further Operation and Rad Waste

discussion to prevent further occurrance. GLR has action. Due date
June 28, 1985.

This is page _2_ of _2 of the minutes for this meeting



PROCEDURE REQUEST FORM

! Proécdun Number N /A Revision Number &

Procedure Ticle O;;ur( Nos € Cm.c»u.qru.l Mm-lub..

New Procedurs RLequest G Lemoving Deficisacies O Procedure Delsction
K Procedurs levisios, New Levisico Mumber K 4

[) Temperary Procsdure Change, affective uatil
imcorporated iats sast revisiocs. T

c Oue Time Temporary Procsdure Change, affactive frow
o , T

New Procedure/Change Summary
Procedure Page Numdars Alfeczed by Proposed Change . L
Mucr 26, As QEsiGNATXD Ay Kev 3

Description of New Procedurs/Chasges Deficiencies lasoved
TucomDonnTes EeRATA 45 'DENTIZIED 8Y WLNRL 303 Descrifles cual6es
To IHE (hfcusnrs AccounmTARICITY 724&3 LS T /NG FEoun REvucry JF
11 54 Laug HUse WSt ¢ CijAw &S TR e EnNIRON MENT A AMON T IRING STATIING
L OCATIUAS ( UNRC O3 . AetacumenTy | {z ye & ATTAcYED, TH Twis Feem)
Use additiona. pages ! required. )
Reascn for New Procedure/Change Deficiency Removal

Q»A;gtz é{guuggn putuua,vf' T2 JEem A 5,'..-<.:r,cArer 6.4

\wb8 88211500l pages LI reguired..

\

Prepared by L L Snitdhn /\lw.ueoi S evsn ri 8T o/24)08
Signacture Title Date

Qualified Review (Check appropriate boxes)

Crase Discizlizary Reviev Reguires’ NO O vee B (1f Yas, complets &.& delow.)

ORC Review Recu | Yes

Reviewed by e _&& HW‘? 2 -
ignature - Title lg“l
e & o, /i

Czess Disciplisa "u Regquired Sigoature/Dacer Jate Jue - ey,
EL:‘ | / Orss // X vt < M‘é& Z o lr i
:'n.r / T mazia-5 / Owat'ls /
:lf‘- / O rrng. / D Adein-s /
- Ches. / :Su. / : t s c /
T oms / Ccomp. / - 4/
Crane. / 3 outages /' - /

Responsible Departzent Head (Check appropriate box and sign):

A —— -~
QI ZAIES

ge Preliminary Approvdl (SLgna:Jre/Da:e)

T asproved for lseus
5 R Approved for OAC Review

/Tmpotary Procedure

Memser Managemest Scalf /
Senior Reaciar Oparacor /
Manager, Callaway Plant /

Temporary Procedure Change Final Approval (Signature/Date; required within 14 davs
of Preliminary Approval.) J

Responsidle Dept. Haad . /
Manager, Callavay Plant /

Procedure Approval (Signature/Date)

Q 4 o-
< CC:?D

CA-433

Lan 7 a4 4 05/31/85
Teta, T pPeges P APA-22-00101

7
(1) Applicadie for sev procedures end procedure revisions onl
(1) Appiicabie for Temportary Procedure changes only, 00t al) signatures are requicred
A8 these sections. See APA-11-00101 Section 3.1 for spproval requirementcs.

Nasager, Co. lovay .x..,ﬁw?-ﬂ;,ffd% , 7-2- 3y
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CALLAWAY PLANT
WUCLEAR SAFETY CYALUATION CHECKLIST
(10 CFRS0.39- APPLICASILITY OETERMINATION)
w0 - N / (Y

oucriST APICALE TO: (eI TE Dese Cacugaren Masws ser. 3 o

L0CFRS0. §9 APSLICABILITY OETERNIRATION

™e orecadure, grocadurs revigion or change, oF sodification to which thts evaluation iy app!icanie

regresants

@an w-__ . __:A change to the plant 4s dascrided in the FIAR tncluding the AERP ane Security Plan?
(2.2) ves ____ "% _Z_ A chanye ts precedures is descrited In RO FSAR tncluding the RERP ung Security *lan?
(2.3) Yes ____ % __7 A test or exparimeat sot described in the FSAR including the REAP ane Security ?lan?
(2.6) ves ___%e _ A chesge t3 he Techntcal Soect ficactoms?

(2.5) ves ____ % _ A change ta plant structires. tyttams, or CopOMents.

[f any quastion above '3 answersd *ves®, this Checkiist shall de forwarded ta the Sugerintandent, Engineering,
fsr complation of a “wclear Safety Evaluation (CA=el041) per APA-12-00140.

for dasign chamges or tSROOTArY sodifications to derwanent olant equioment, sravide sdgttional justification
oelow (using ZA-#815 as guidel ines) as t3 wAy the change does net canstiture 4 satential unreviewed safety
guestion. Provide 4 description of the propased change(s) or refer 3 the 4ooreort ata design change record
whica *uily descrides the change.

faviowed ¥y

flesponsible Deot. “esd

p-2 CA-#133
05/28/85
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UNION ELECTRIC COMPANY
190! GRATIOT STREET
ST. LOUIS, MISSQUR!

MAILING ACORNESS

= O sox ‘a9

oa':.::oo....?::::ﬂ.~ Aprll l?r 198 4 ST LOUIS MISSOUM A)ise

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washingten, D.C. 20555

Dear Mr. Denton: ULNRC-803
DOCKET NUMBER 50-483

CALLAWAY PLANT, UNIT 1
OFFSITE DOSE CALCULATION MANUAL, REV. 2 ERRATA

Reference: ULNRC-760 dated March 8, 1984

The referenced letter transmitted Revision 2 of the Callaway
Offsite Dose Calculation Manual (ODCM). As a result of a phone
callybetween Mr. E4 Branagan (NR) and M:. C. Shafer (UE) on April
16, 1984, the following additional info-mation is submitted:

1) Errata to Callaway ODCM, Revis.ion 2.

2) Change page 73 and Figure 5.1B indicating monitoring
station A-9 is the "community «f Raform" and adding
station B-3.

"Comparison of Callaway Plant Offsite Dose Calculations
for Routine Effluenis" performed by Bechtel Powe'
Corporation dated 3/22/84.

The corrections and additions from items 1 and 2 will be
made in the initial Semi-Annual Radiocac+ive Effluent Release
Report.

Ve y t:uly yours,
/’ \

\ Miﬂ v UL“J?:Y‘“"
Donald F./Schnell

DS/1w

cc: J. Holonich w/a
E. Branagan w/a

0.5
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STATE OF MISSQURI )
) S S
CITY OF ST. LOUIS )

Robert J. Schukai, of lawful age, being first duly sworn

upon oath says that he is General Manager-Engineering (Nuclear) for
Union Electric Company; that he has read the foregoing document and
knows the content thereof; that he has executed the same for and on
behalf of said company with full power and authority to do so; and
that the facts therein stated are true and correct to the best of his
knowledge, information and belief.

Robert J. Sthukai
Gener ager-Engineering

Nuclear

SUBSCRIBED and sworn to before me this //7?Zday of é§a444£, 19844

~ /;
/ //- /
aARsAR;_Z’. ':::.F-Z ¢ j
33

NOTARY PUBLIC, STATE OF MISSCUAI
JAY COMMISSIQi EXPIRES APRIL 22, 1353
SL. LOUIS COUNTY




cc: Glenn L. Koester
Vice President
QOperations
Kansas Gas & CElectric
P.0. Box 208
Wichita, Kansas 67201

Donald T. McPhee

Vice President

Kansas City Power and Light Company
1330 Baltimore Avenue

Kansas City, Missouri 64141

Gerald Charnoff, Esq.

Shaw, Pittman, Potts & Trowbridge
1800 M. Street, N.W.

Washington, D.C. 20036

Nicholas A. Petrick
Executive Director

SNUPPS

5 Choke Cherry Road
Rockville, Maryland 20850

John H. Neisler
Callaway Resident Office
N U.S. Nuclear Regulatory Commission
RR%#1
Steedman, Missouri 65077

William Forney

Division of Projects and

Resident Programs, Chief, Section 1lA
U.S. Nuclear Regulatory Commission
Region III

799 Roosevelt Road

Glen Ellyn, Illinois 60137

Bruce Little
Callaway Resident Office
U.S. Nuclear Regulatory “ommission

RR#1
Steedman, M’ ssouri 65077

P-S
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Page
51
51
51
51
51
51
51
51
51
52
52
53
54
55
55
56
56
57
58
58
59
91

92

Errata to Callaway ODCM Revision 2

Column

NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
NUCLIDE
LIVER

NUCLIDE
NUCLIDE

NUCLIDE

TOTAL BODY

GI-LLI

TOTAL BODY

GI-LLI

KIDNEY

Line

6

@ 3

o

16
17
18
22
25
13
14

13
14

16
25
25

Change

Change
Change
Change
Change
Change
Change
Change
Change
Change
Change
Change
Change
Change
Change
Change
Chanqge
Change
Change
Change
Change
Change

Change

labeled "X/Q -
Decayed/Undepleted” and "X/Q -

"*Mu® to
*Mu" to
"fe" to
"fe" to
"Zn-60"
"BR" to
"BR" to
"RB" to
"SR" to
"Rn" to

"Rn" to

"Cs=-134" to
"4.37E10" to

"Rn" to
"Rn" to
*"T~131"

"6.10El

"9.11E4"
"6.38ES" to
"S.79ES" to

"1.70ES" to

-Mn'

.Mn-

.Fe.

'reﬂ

to

"Zn-69"

.Br-

.Bt.

.Rb.

-sr.

ﬂRu-

'Ru.

*Cs~-136"
"4.37E9"

'Ru.

lauﬂ

to

to

o

*I-132°

"6.10E-1"
"9.11E-4"
"6.3BES"
"5.79ES"
"1.70E5"

units for columns

Decsycd/ncpletcd" fro

"(m

/sec)"™ to "(sec/m’)".

Same change as on page 91.




Rev. 2

TABLE 6 (Continued)
&

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

isotopic analyslsd

on those samples

for which the gross
beta activity is > 10
times the yearly ‘
mean of control

samples. Perform

gamma isotopic analyat"
on composite samples

(by location) at least
once per 92 days.

Station
Code Sector Site Description Location
P
A-1 D Primary Meteorological Tower 1.3 mi, @ 760 ENE S
A-8 B County Road 448, 0.9 mi. .9 mi. @ 20° NNE
South of Highway O
B-3 A 0.6 mile east of Highway O 1.9 mi. @ 355° N
and CC Junction
On> sample from the community
with the highest D/Q
A-9 R community of Reform 1.7 mi. @ 336" NNW

One sample from a control location,
as for example 15-30 km distant
and in the least prevalent wind
direction.

A-7 Q C. Bartley Farm . 9.5 mi. @ 312° NW
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This document contains the following:

Pages
Tables
Figures

Rev.

1 - through 102

3

1 through

12

4.1, S.1A, 5.1B, 5.2A, 5.2B, 5.3
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Table of Contents (continued)
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2.9.3.3 Calculation of Dose Contributions 13
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Effluents 15
2.5.4 Summary, Determination of Individ-
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2.6 LIQUID RADWASTE TREATMENT SYSTEM 21
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Treatment System 21
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c =A 3(C_), _pCi
i gs al (Refer to Note

Following)

wWhere:

A= Adjustment factor which will allow the set-
point to be established in a practical manner
for convenience and to prevent spurious
alarms.

A= (Refer to Note
%p Following)

If A > l:Calculate ¢ and determine the maximum value
for the actual monitor setpoint (uCi/ml).

If A €< 1:No release may be made. This condition must
be flagged and the operator instructed to re-
evaluate F and F £ (1.e., reduce effluent
flow rate 99 returfl fadwauto for
reprocessing).

I1£f F, < 1, no further dilution is required and the
reledse may be made without regard to available dilu-
tion or to other releases made simultanecusly. How-
ever, it 1s necessary to establish a monitor setpoint
which will provide alarm should the release concentra-
tion inadvertently exceed Radiological Effluent Techni-
cal Specification 3.11.1.1 limits. This can be accom-
plished by establishing the adjustment factor as
follows:

A= g

d

e i1 -

(2.9)

(2.10)

(2.11)
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Dose contributions from liguids discharged as conti=~
nuous releases are determined by utilizing the last
measured values of samples required in accordance with
Radiological Effluent Technical Specifications

Table 4.11-1.

2.5 vi se Due to Li ‘ : uents

The dose or dose commitment to a MEMBER OF THE PUBLIC
from radicactive materials in liquid effluents
released, to UNRESTRICTED AREAS shall be limited:

a. During any calendar quarter to less than or equal
to 1.5 mrem to the whole body and less than or
equal to 5 mrem to any organ, and

b. During any calendar year to less than or equal to
3 mrem to the total body and to less than or equal
tc 10 mrem to any organ.

2.5.2 The Maximum Exposed Individual

The cumulative dose determination considers the dose
contributions from the maximum exposed individual's
consumpticon of fish and potable water, as appropriate.
Normally, the adult is considered to be the maximum ex-
posed individual. (Ref. 9.8.3, 9.8.4)

The Callaway Plant's liquid effluents are discharged to
the Missouri River. As there are no potable water in-
takes within 50 miles of the discharge point (Ref.
9.7.1, 9.6.6), this pathway does not require routine
evaluation. Therefore, the dose contribution from fish
consumption is expected to account for more than 95% of
the total man-rem dose from discharges to the Missourl
River. Dose from recreational activities is expected
to contribute the additional 5%, which is considered to
be negligible. (Ref. 9.6.7)

Thus, the maximum exposed individual is an adult,
receiving 95% of the total dose from eating fish and 5%
of the total dose from recreational activities.

ontributi

2.5.3.1 Calculation of Dose Contributions

The dose contributions for the total time period

-13-
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Inserting the appropriate usage factors from Regulatory
Guide 1.109 into Egquation (2.14) yvields the following
expression:

Ait = 1.14E0S (21!'1)01'i

or Ait = 2.39E06 x "1 x D’i

2.5.4 ' ion © vidu e

The dose contribution for the total time period

m
At
g=1"
is determined by calculation at least once per 31 days
and a cumulative summation of the ta.al body and organ
doses is maintained for each calendar guarter. The
projected dose contribution from batch releases for
which radionuclide concentrations are determined by
periodic composite and grab sample analysis, as stated
in Table 4.11~1 of the Radiological Effluent Technical
Specifications, may be approximated by using the last
measured value. However, for reporting purposes, the
calculated dose contribution from those radionuclides
is based on actual composite/grab sample analysis.

Dose contributions are determined for all radionuclides
identified in liquid effluents released to UNRESTRICTED
! AREAS. Nuclides which are not detected in the analyses
are reported as "less than" the nuclide's Minimum
Detectable Activity (MDA) and are not reported as being
present at the LLD level for that nuclide. The "less
than" values are not used in the required dose
calculations.

o 17 o
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INGESTION DOSE

TABLE 1

Rev. 3

COMMITMENT FACTOR (Axt) FOR ADULT AGE GROUP

(mrem-hr per uyci-ml)

! 1 ] T Tctal | ] ; ] !
'Nuclide! Bone ! Liver ! Body ! Thyroid ! Kidney ! Lung ! GI-LLI !
H-3 ‘No Data !2.26E-01 '2.26E-01!'2.26E-01 '2.26E-01!2.26E-01!2.26E~0O1!
Ce=14 '3.13E+04!6.26E+03 '6.26E+03'6.26E+03 !6.26E+03!6.26E+03!6.26E+03!
Na=24 !'4.07E+02'4.07E+02 '4.07E+02'4.07E+02 !'4.07E+02!4.07E+02'4.07E+02"!
P-32 '4.62E+07!2.87E+06 !1.78E+06!No Data !No Data !No Data !'5.19E+06!
Cr-S1 'No Data !No Data '1.27E+00!7.62E-01 !2.81-01 !'1.69E+00!3.2-E+02!
Mn-54 !No Data !4.38E+03 '8.35E+02!No Data !'1.30E+03!'No Data !'l.34E+04!
Mn-56 !No Data !'1.10E+02 '1.95E+01!'No Data !1.40E+02!No Data !3.52E+03!
Fe=55 !6.57E+02'4.54E+02 '1.06E+02'!'No Data !No Data '2.53E+02!'2.61E+02!
Fe-59 !1.04E+0312.44E+03 '9.34E+02!'No Data !'Noc Data '6.81lE+02!8.13E+03!
Co=-58 'No Data '!'8.94E+01 !2.00E+02!'No Data !No Data !No Data '1.B8lE+03!
Co=60 !No Data !'2.57E+02 !S.66E+02!No Data !No Data !'No Data !4.82E+03!
Ni=63 !3.11E+04'!'2.1SE+03 !1.04E+03!No Data !No Data !No Data !'4.4%2E+02'
Ni=65 '1.26E+02'1.64E+01 !7.48E+00!No Data !'No Data 'No Data !4.16E+02!
Cu=64 'NO Data !1.00E+01 '4.69E+00!No Data '!'2.52E+01l!No Data '8.S52E+02!
Zn-8 12.32E+04!7.38E+04 '3.33E+04!Nn Data !4.93E+04!No Data '!4.6S5E+0s!
2n=69 !'4.93E+01'9.44E+0]1 '6.56E+00!No Data '6.13E+0O1!No Data !'1.42E+0Ll'
Br-83 !N¢o Data !No Data '4.04E+0Ol1!No Data !No Data !'No Data !5.8lE+Q0.l'
Br-84 !No Data 'Nc Data !5.26E+Q0l!No Data !No Data !No Data '4.13E-0&!
Br-85 !No Data !'No Data '2.15E+0Q00!No Data !N¢o Data !'No Data ! 0 !
Rb=86 !No Data '1.01E+0S !4.71E+04!No Data !No Data !No Data !'1.99E+0='
Rb-88 'No Data !2.90E+02 '1.S54E+02!No Data !No Data 'No Data '4.00E-0%"
Rb=89 !No Data '!'1.%92E+02 '!'1.35E+02!No Data !No Data !'Noc Data '1.12E-l1.'!
Sr-89 !2.21E+04!Noc Data !'6.3SE+02'No Data !No Data 'Neoc Data !3.SSE+0:!
Sr-90 !5.44E+0S!No Data !1.34E+05!No Data !'No Data 'Nc Data !1.57E+0«!
Sr-91 !4.07E+02!Nc Data !'1.64E+01!No Data 'No Data 'No Data !1.94E+0:'
Sr-92 !1.54E+02!'Noc Data '!'6.6BE+Q0!No Data 'No Data 'No Data !3.06E+02'
Y=-90 'S.75E~0l1!No Data !'1.54E-02!'No Data !No Data 'No Data !6.10E+0Q2!
Y=-91M !S.44E-03!'No Data !2.10E-04!No Data 'No Data !'No Data !'1.60E-QZ'
Y-91 !8.43E+00'No Data !2.25E-Ql1l!No Data !No Data !No Data '4.64E+02"
Y=-92 !5.0SE-02!'Noc Data '1.48E-03!'No Data !'No Data 'No Data '8.8SE+0Z%!
¥Y-93 !1.60E~0Ol!No Data '4.42E-03!No Data 'No Data !'No Data 'S.QBE+Q:'
2r=95 '2.40E-01!7.70E-02 !'5.21E-02!'No Data !1.21E-0l!No Data '2.44E+02!
2r-97 !'1.33E-02'!'2.68E-03 !1.22E-03!No Data '4.04E~-03'No Data !'8.30E+~02"
Nb=95 !4.47E+02'2.48E+02 '1.34E+02!'No Data !'2.46E+Q2'No Data !1.S1lE+0&"
Mo=99 !No Data '1.03E+02 '1.96E+0l1!'No Data !'2.33E+02'No Data !2.39E+0%!
Tc-99M!'8.87E-03'2.51E~-02 !'3.19E-01'No Data !'3.81E~01'1.23E-0211.48E+0Q_"
Tc=-101'9.11E-0311.31E-02 '1.29E-01'No Data !2.36E-01'6.70E-013" 0 !
Ru=10314.42E+00'No Data !1.90E+00!No Data '1.69E+0l'No Data 'S.17E+0%"’
Ru=105'3.68E-01l!No Data !'1.45E-01'No Data '4.76E+Q00'No Data !2.28E+0<"
Ru~106!6.57E+01l!Noc Data !'8.32E+00'No Data !'1.27E+Q2!No Data '4.25E+Q2!

- 18 -
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TABLE 1 (Continued)

Rev. 3

INGESTION DOSE COMMITMENT FACTOR (Axt) FOR ADULT AGE GROUP

(mrem-hr per pci-ml)

! ! !
!Nuclide! Bone !  Liver

}

| !Te~-125M
| !T.‘127'
| Te-127
{ !Te=-129M
| 'Te-129

. 1Te-131M

| !20-131

. !'Te-1l32

. 11-130
11-131

- 11=-132
{ '1=-133
1 I=13
. '11=-135
!Cs~134

. 1Cs~136
' 1Cs=137
 1Cs=-138
~ 'Ba=139

'Ba=140

1 !Ba~14l
! 'Ba=142
'La~140
'La~-142
'Ce=~141

g

'Ce=143

'Ce=-144

'Pr-143
. INd-147
IW=187

INp=239

B ol L

12.57E+03!9.
16.47E+03!2.
11.08E+02!3.
11.10E+04!4.
13.01E+01'1.

11.66E+03!8.
11.89E+01!7.
12.41E+03!'1.
12.71E+01!8.
11.49E+02!2.

17.29E+00!1.
!5.10E+01!8.
13.81E+00!1.
11.59E+01!4.
12.98E+05!7.

13.12E+04!1.
13.82E+05!5.
12.64E+02!'5.
19.29E-0116.
'1.94E+02'2.

14.50E-01'3.
12.04E~-01!2.
11.50E=-01'7.
17.65E-03113.
12.24E-02"'1.

13.94E-0312.
'1.17E+00!4.
'S.50E-01!2.
13.76E-01'4.
'2 96E+02'2.

12.84E-02!'2.

30E+02
32E+03
78E+01
11E+03
13E+01

09E+02
88E+00
S6E+03
01E+01
14E+02

9SE+01
87E+01
03E+0O1
16E+01
09E+0S

23E+0S
22E+0S
22E+02
62E-04
44E-01

40E-04
09E-04
S3E-02
48E-03
S1E-02

92E+00
88E~-01
21E-Q1
3SE-Q1
47E+02

80E-03

[ ] '
! Lung ! GI-LLI !

I Total | ]

! Body ! Thyroid ! Kidney
'13.44E+02'7.72E+02 !'1.04E+04!No
!17.90E+02!'1.66E+03 !2.63E+04!'No
12.28E+01!7.80E+Q1 '4.29E+02!No
'1.74E+03!3.78E+03 '!'4.60E+04!'No
17.33E+00!2.31E+01 '1.26E+02!No
'6.75E+02'!'1.2BE+03 '8.21E+03!'No
!15.96E+00!1.55E+01 !8.25E+0l!No
'1.47E+03!1.72E+03 !1.50E+04!No
13.16E+01!'6.79E+03 '!'1.25E+02'No
11.22E+02!7.00E+04 !3.65E+02!'No
'16.82E+00!6.82E+02 !3.11E+0i'Ne
'12.70E+01'1.30E+04 !'1.55E+02!No
13.70E+00!1.79E+02 !'1.64E+01'No
'1.54E+01!2.7SE+03 '6.68E+01'No
'5.80E+0S5!No Data 12.29E+05!7.
'8.86E+04!No Data '6.85E+04'9.
'3.42E+05!No Data '1.77E+05!5,
'12.59E+02!No Data '3.84E+02'3.
'2.72E-02!No Data '6.19E-04'3.
'1.27E+01!No Data '8.31E-02'1.
'1.52E-02!'No Data !'3.1cE-04'1l.
'1.28E-02'No Data '1.77E-04!'1.
'1.99E-Q2!'No Data !'No Data 'No
'8.66E-04!No Data !'No Data !No
'1.72E-Q3!'No Data '7.03E-03'No
'3.23E~04!'No Data 'l.28BE-03'No
'6.26E-02'No Data !2.89E-0l1'No
'2.73E~02!No Data !'1.27E-01!No
'2.60E~02'No Data !2.54E~0)1'No
'8.64E+01!'No Data 'No Data !'Mo
'1.54E~03!No Data '!8.72E-03!No

- 19 =
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Data
Data
Data
Data
Data

Data
Data
Data
Data
Data

Data
Data
Data
Data

62E+04!'1l.

39E+03!1.
89E+04!'1l.
79E+01'2.
76E=-04'1l.
40E-01'4.

93E-04'2.
19E-04! 0 !

Data
Data
Data

Data
Data
Data
Data
Data

Data

'1.02E+04!
17E+04!
30E+03!
S4E+04!
27E+01!

ra.
8.
3.
12.

QIE+04!
67E+QC!
3BE+04!
89E+01'
64E+01!

‘8.
12.
17.
16.
'S,

13,
17.
19.
‘4.

66E+0C!
97E+01!
OlE=-Q3!
TOE+QL'
24E+Cs!

40E+Q%!
QlE+0«<'
<3E-0Z!
6SE+QC!
J0E+QS!

13E=10
SIE+03 !

S4E+0L’
78E+0%!

19.
12.
'1S.

tl.
13,
12.
2.
'8.

O9E+0s!
94E+CZ!
41lE+Q2"
Q9E+C2!
Q9E+0%!

15.74E+02"
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2.6 LIQUID RADWASTE TREATMENT SYSTEM

2.6.1 Radiological Effluent Technical Specification
e

The LIQUID RADWASTE TREATMENT SYSTEM Shall be OPERABLE
and appropriate portions of the system shall be used to
reduce releases of radioactivty when the projected
doses due to the liquid effluent, to UNRESTRICTED
AREAS, would exceed 0.06 mrem to the total body or 0.2
mrem t> any organ in a 31 day period.

2.6.2 scription Of The LIQUID WASTE TREATMENT
smfg rm‘LL_L_JL"_L" -BARVASTE TREATNE

2.6.3 OQOPERABILITY Of The LIQUID RADWASTE TREATMENT SYSTEM

The LIQUID RADWASTE TREATMENT SYSTEM 1is capable of
varying treatment, depending on waste type and product
desired. It is capable of concentrating, gas strip-
ping, and distillation of liquid wastes thiough the use
of the evaporator system. The demineralization system
is capable of removing radiocactive ions from solutions
to be reused as makeup water. Filtration is performed
on certa.in liquid wastes and it may, in some cases, be
the only required treatment prior to release. The sys-
ten has the ability to absorb halides through the use
of charcoal filters prior to their release.

The des:gn and operation requirements of the LIQUID
RADWASTE TREATMENT SYSTEM provide assurance that
releases of radiocactive materials in liquid effluents
will be kept "As Low As Reasonably Achievable" (ALARA).

The OPERABILITY of the LIQUID RADWASTE TREATMENT SYSTEM
ensure~ this system will be available for use when
ligquids require treatment prior to their release to the
environment. OPERABILITY 1s demonstrated through com-
pliance with Radiological Effluent Technical Specifica-
ticns 3.11.1.1 and 3.11.1.2.

- 21 -
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D, = £ Pi[(m)Qi] < 1500 mrem/yr (3.7)
&

wWhere:
b & Dose rate to any critical organ, in (mrem/yr).
P. = Dose parameter for radionuclides other than
- noble gases for the inhalation pathway for the
child, based on the critical organ, in
(mrem/yr) per (puCi/m3). (Table 4)
! Q.= The release rate of radionuclide, i, in
. gasenus effluents. from all vent releases, in
(uCi/sec). . 1s calculated as the product of

the ventzlatz&n path design flow rate and the
measured activity of the effluent stream as
determined by grab sampling. Flow rates for
the ventilation pathways can be found in ref-
erences 9.6.21, 9.6.22, 9.6.23, and 9.6.24.

(X/Q) is as previously defined.

The dose paraneter (P.) includes the internal dosimetry
of radionuclide, 1, d the receptor's breathing rate,
which are functlons of the receptor's age. Therefore
the child age group has been selected as the limiting
age group.

For the child exposure, separate values of P, are tabu-
lated in Table 4 for the inhalation pathway. * These
values were calculated according to (Ref. 9.8.9):

Pi = K' (BR) DFAi (3.8
Where:
K' = Units conversion factor: luCi = 1E06 pCi.
33 =«
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3.5.2 1Individual Dose Due To Gaseous Effluents

3.5.2.1 Radiological Effluent Technical Specification
. %5 5 I

|

\
The air dose due to noble gases released in gasecus ef- i

' fluents, to areas at and beyond the SITE BCUNDARY shall l
be limited to the fcllowing:

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

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

3.5.2.1.1 Noble Gases

The air dose a% the SITE BOUNDARY due to noble gases
released from the site is determined according to the
following methodology (Ref. 9.8.10):

During any calendar quarter, for gamma radiation:
D. = 3.17 E=-08 i (M, {((X/Q) Q; * (X/q) q;}] <5 mrad (3.9)
During any calendar quarter, for beta radiation:
D, = 3.17 E-08 i (N, {(X/Q) Q; + (X/q) q;}] < 10 mrad (3.10)

During any calendar year, for gamma radiation:

Dg = 3.17 E-08 Z [Mi {(X/Q) Qi + (X/q) qi}] < 10 mrad {3.11;
i

During any calendar year, for beta radiation:

Db = 3.17 E-08 Z [Ni {(X/Q) Qi + (X/q) qi}] < 20 mrad (3.12;

1

o 38 -




Air donse from gamma radiation due to noble
gases released in gaseous effluent.

Alr dose from beta radiation due to noble
gases released in gaseous effluents.

(X/g) = The relative concentration for areas at or
beyond the SITE BOUNDARY for short-term
releases (equal to or less than 500 hrs/year).
Refer to Tables 9, 10, 11, and 12.

q; = The average release of noble gas radionu-
clides, i, in gaseous effluents from all vent
releases for short-term releases (equal to or
less than 500 hrs/year), in (pCi). Releases
are cumulative over the calendar guarter or
year, as appropriate.

Ni = The air dose factor due to beta emissions for
each identified noble gas radionuclide, i, in
(mrad/yr) per (puCi/m3). (Table 3)

Qi = The average release of noble gas radionu-

clides, 1, in gaseous effluents from all vent
\ releases for long-term releases (greater than
S00 hrs/year), in (uCi). Releases are cumula-
tive over the calendar gquarter or year, as
appropriate.

(X/Q) = The highest calculated annual average relative
concentration for areas at or beyond the
SITE BOUNDARY for long-term releases
(greater than 500 hrs/yr). Refer to Tables
9, 10, and 12.

3.17E-08 = The inverse of the number of seconds per year.

Mi is as previously defined. (Refer to Section 3.4.1.2)

3.5.2.2 Radiological Effluent Technical Specification
. 3:.52.2.3

! The dose to a MEMBER OF THE PUBLIC from Iodine-131 and
133, tritium, 2and all radiocnuclides in particulate form
with half-lives greater than 8 days in gasecus ef-

! fluents released, to areas at and beyond the SITE BOUN-
DARY shall be limited to the following (Ref. 9.8.10):

a. During any calendar quarter: Less than or
equal to 7.5 mrem to any organ and,

- 39 =
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b. During any calendar year: Less than or equal
to 15 mrem to any organ.

3.5.2.2.1 Radionuclides Other Than Noble Gases

! The dose to a MEMBER OF THE PUBLIC from Iodine-131 and

133, tritium, and all radionuclides in particulate form

with half-lives greater than 8 days in gaseous ef-

¢ fluents released, to areas at and beyond the SITE BOUN~-
DARY, is determined according to the following

expressions:

During any calendar gquarter:

D. = 3.17E-08 Z R, [WQ. +w g.,] €< 7.5 mrem £3.13)
i § 3 i i
During any calendar year:

D. = 3.17E-08 Z Ri (W Qi + W qi] 15 mrem (3.14)

- i

A

! D. = Dose to a MEMBER OF THE PUBLIC from radionu-

clides other than noble gases.

Q. = The releases of radionuclides, radioactive
materials in particulate form, and radionu-
clides other than noble gases, i1, in gaseous
effluents, for all vent releases for long-term
releases (greater than 50C hrs/yr), in (upCi).
Releases are cumulative over the calendar
quarter or year as appropriate.

The releases cf radionuclides, radicactive
materials in particulate form and radionu-
clides cther than noble gases, 1, in gaseous
effluents for all vent releases for short-term
releases (equal to or less than 5C0 hrs/yr),
in (pCi). Releases are cumulative over the
calendar quarter or year as appropriate.

Qa
'J.
i

R, = The dose factor for each identified radionu-
clide, i, in m?(mrem/yr) per (uCi/sec) or
(mrem/yr) per (uCi/m3). (Table S)
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W = The dispersion parameter for estimating the
dose to an individual at the controlling loca-
tion for long-term releases (greater than 500
hrs/yr):

- (X/Q) for the inhalation and tritium patnways,

in(sec/m3).

w = (D/Q) for the food and ground plane
pathways, in(meters 2).
Refer to Tables 9, 10, and 12.
w = The dispersion parameter for estimating the

dose to an individual at the controlling loca-
tion for short-term releases (equal to or less
than S00 hrs/yr):

w = (X/q) for the inhalation pathway,
in(sec/m3)

w = (D/q) for the food and ground plane pathway,
in (meters 2). Refer to Tables 9, 10,
11, and 12.

3.17 E-08 = The inverse of the number
of seconds per year.

(D/Q) = the average relative deposition of the ef-
fluent at or beyond the SITE BOUNDARY, consid-
ering depletion of the plume during transport,
for long term releases (greater than
S00 hrs/yr), in (meters 2).

(D/g) = the relative deposition of the effluent at or

beyond the SITE BOUNDARY, considering deple-
tion of the plume during transport, for short
term releases (less than or equal to

S00 hrs/yr), in (meters 2).

Note: For the direction sectors with existing pathways
within 5 miles frcm the site, the appropriate R. values
are used. If no real pachway exists within S miles
from the center of the building complex, the cow-milk
R. value is used, and it 1s assumed that this pathway
eRists at the 4.5 to 5.0 mile distance in the limiting-
case sector. 1If the R; for an existing pathway within
S miles is less than a“cew-milk R, at 4.5 tec 5.0 miles,
then the value of the cow-milk R, at 4.5 to 5.0 miles
is used. (Rev. 9.8.10.) -

Although the annual average relative concentration
(X/Q) and tne average relative deposition rate (D/Q)

- §1 =
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TABLE 5 (Contd.)

PATHWAY DOSE FACTORS (Ri) FOR RADIONUCI.IDES OTHER THAN NOBLE GASES

Nuclide

Na-24
Cr-51
Mn-54
Mn-56
Fe-59

Co-58
Co=-60
Ni-65
Cu-64
2n-65

Br-83
Br-84
Rb-86
N Rb-838
Rb-89

Sr-89
Sr-91
Sr-92
¥Y-90

Y-91m

Y-91
Y-92
Y-93
2r-95
Z2r-97

Nb-35
Mo-99
! Tc-99m
Tc-101
Ru-~103

Ru-105
Ru-~106
Ag-110m
Te-125m
Te-127m

Ground Plane Pathway

Total Body

(M2 mrem/yr) per (uCi/sec)

NN HBUINN HWORNE ~NONNW NS

DIHWER OO N W

.19E7
.65E6
.39E9
.03ES5
.72E8

.79E8
.15E1C
.97ES
.07ES
.47ES8

.87E3
.03E5
.99E6
.31E4
.23E5

.16E4
.15E6
.77ES
.49E3
.00ES

.07E6
.80ES
.83ES
.45E8
.96E6

.37E8
.9BE6
.84ES
.04E4
.08E8

.36ES
.22E8
.44ES
.5SE6
.16E4
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TABLE S (Contd.)

Ground Plane Pathway

(M2 mrem/yr) per (uCi/sec)

Nuclide Total Body sSkin
Te-127 2.98E3 3.28E3
Te-129m 1.98E7 2.3187
Te-129 2.62E4 3.10E4
Te-131lm 8.03E6 9.46E6
Te-131 2.92E4 3.45E4
Te-132 4.23E6 4.98E6
I-130 . 5.51E6 6.69E6
I-131 1.72E7 2.09E7
I-132 1.23E6 1.45E6
I-133 2.45E6 2.98E6
I-134 4.47ES 5.30ES
I-135 2.51E6 2.93E6
Cs-134 6.86E9 8.00ES
Cs=-136 1.53E8 1.74E®
Cs=137 1.03E10 1.20E10

N Cs-138 3.59E5 4.10ES
Ba-~139 1.06ES 1.19E5
Ba-140 2.05E7 2.35E7
Ba-141 4.15E4 4.73E4
Ba-~142 4.44E4 5.06E4
La-140 1.92E7 2.18E7
La-142 7.40ES 8.89ES
Ce-141 . 1.37E7 1.54E7
Ce-143 2.31E6 2.63E6
Ce~144 6.96E7 8.04E7
Pr-144 1.84E3 2:.2383
Nd-147 8.41E6 1.01E7
W=187 2.36E8 2.74E86
Np=-239 1.71E6 1.98E6

o &7 =

B T L I ) tumcﬂmmMNJW»n Ww-;w‘*ﬁ_”» T —— G



TABLE 5 (Contd.)

Rev. 3

PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES

Grass-Cow-Milk Pathway

(m2 mrem/yr) per (uCi/sec)

! 1 [ T Total ! ] 1 '
INuclide! Bone ! Liver ! Body ! Thyroid ! Kidney ! Lung ! GI-LLI
! H=3 ! ND 11.57E3 11.57E3 11.5783 11.57E3 13.857E3 11.57E3
! C=-14 !1.19E9 12.39E8 12.39E8 12.39E8 12.39E8 12.39E8 '!'2.39E8
! Na-24 '!'8.89Eé6 '8.89E6 18.89E6 '8.89E6 '8.89E6 '8.89E6 !8.89Eé6
! P=32 '7.77E10 !3.64ES 13.00E® ! ND ! ND ! ND 12.15E9
!t Cr=51 ! ND ! ND 11.03ES t5.65E4 11.56E4 !1.04ES 'S.40E6
! Mn-54 ! ND 12.10E7 15.59E6 ! ND !5.88E6 ! ND '1.76E7
! Mn-56 ! ND 11.29E-2 12.90E-3 ! ND '1.56E-2 ! ND '1.86E0
! Fe=-55 !'1.12E8 1S.93E7 !1.84E7 ! ND 't ND '3.35E7 11.10E7
! Fe-=59 !1.20E8 '1.94E8 19 .6S8E7 ! ND ! ND !'S.64E7 12.02E8
! Co=-58 ! ND t1.21E7 13.71E7 ! ND ! ND ! ND t7.07E7
! Co=-60 ! ND '4.32E7 '1.27E8 ! ND ' ND ! ND 12.39E8
! Ni-98 !2.69El10 !1.59E9 '1.01ES% ! ND ! ND ! ND '1.07E8
! Ni1i-65 !'1.66E0Q '1.56E-1 '9.01E-2 ! ND ! ND ! ND 11.21E1
! Cu-64 ! ND 17 .46E4 '4.51E4 ' ND '1.80E5 ! ND t3.50E6
! 2n=-65 !'4.13E9 11.10E10 '6.85E9 ! ND '6.94E9 ! ND '1.93E9
! 2n-69 ! 0 ! 0 ! 0 ! ND ! 0 ! ND 11.12E=¢
! Br-83 ! ND ! ND ! ND ! ND ! ND ! ND ! ND

! Br-84 ! ND ! ND ! ND ! ND ! ND ! ND ! ND

! Br-85 ! ND ! ND ! ND ! ND ! ND ! ND ! ND

! Rb-86 ! ND !'8.80E9 'S.41E9 ! ND ! ND ! ND !'S.66E8
! Rb-88 ! ND ! 0 ! 0 ! ND ! ND ! ND ! 0

! Rb-89 ! ND ! 0 ! 0 ! ND ! ND ! ND ! 0

! Sr-89 !6.62E9 ! ND '!1.89E8 ! ND ! ND ! ND '2.56ES8
! Sr-90 !'1.12E11 ! ND 12.83E10 ' ND !t ND ! ND '1.51E9
! Sr-91 !'1.30ES ' ND 14.92E3 ! ND ! ND ! ND t2 EBES
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TABLE 5 (Contd.)

PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES

Grass~-Cow=Milk Pathway

(m2 mrem/yr) per (pCi/sec)

! ! ! T Total ! ] ] ]
{Nuclide! Bone ! Liver ! Body ! Thyroid ' Kidney ! Lung ' GI-LLI
! Sr-92 !'2.18E0 ! ND '18.75E=-2 ! ND ! ND ! ND '4.13E1
! Y-90 !13.22E2 ! ND '8.62E0 ! ND ! ND ! ND 19.17ES
! Y-91m ! 0 ! ND ! 0 ! ND ! ND ! ND ! 0

! Y-81 !'!3.90E4 ! ND '1.04E3 ! ND ! ND ! ND 15.20E8
! Y-92 !2.5S3E-4 ! ND 17.24E-6 ! ND !t ND ' ND 17.31E0
! Y-93 '!'1.05E0 ! ND 12.90E-2 ! ND ! ND ! ND t1.57E4
! 2r-95 !'3.83E3 !8.42E2 17.50E2 ! ND '1.21E3 ! ND 18.79ES
! 2r-97 '1.%2E0 !2.77E-1 !1.64E-1 ! ND 13.98E~-1 ! ND 14,.20E4
! Nb=-95 !3.18E5 !1.24ES '8.84E4 ! ND 11.16ES ! ND 12.29E8
! Mo=-99 ! ND 18.14E7 12.01E7 ! ND 11.74E8 ! ND '6.72E7
! Tc-99m!1.32E1 !2.59El 14.29E2 ! ND 13.76E2 '1.32E1 !'1.47E4
! Tc-191! 0 ! 0 ! 0 ! ND ! 0 ! 0 ! 0

! Ru-103!'4.28E3 ! ND '1.65E3 ! ND '1.08E4 ! ND 11.11E5
! Ru-105!3.82E-3 ! ND '11.39E-3 ! ND 13.36E-2 ! ND 12.429E0
' Ru-106'9.24E4 ! ND '1.15E4 ! ND 11.2SE5 ! ND 11.44E6
'Ag-110m!2.09E8 !'1.41ES8 '1.13E8 ! ND '2.63E8 ! ND 11.68E10
1Te-125m!7.38E7 !'2.00E7 '19.84E6 !2.07E7 ! ND ! ND 17.12E7
'Te-127m!2.08E8 !S5.60E7 12.47E7 !'4.97E7 'S.93E8 ! ND '1.68E8
tTe-127 !'3.0SE3 18.22E2 '16.54E2 !'2.11E3 18.67E3 ! ND 11.19ES5
'Te-129m!2.71E8 !7.57E7 14.21E7 '8.74E7 '7.96E8 ! ND 13.21E8
!Te-129 ! 0 ! 0 ! 0 ! 0 '12.90E-9 ! ND '6.17E=8
'Te-131m!'1.60E6 !5.53ES 'S.89E5 !1.14E6 'S.35E6 ! ND 12.24E7
'Te-131 ! 0 ! 0 ! C ! 0 ! 0 ! ND ' 0
'Te-132 !'1.02E7 '!'4.52E6 '5.46E6 !6.58E6 '4.20E7 ! ND 14.55E7
17-130 '1.73E6 !3.49E6 '11.80E6 !3.84ES8 'S.22E6 ' ND '1.83E6

- 8] -
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PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES

Grass~-Cow-Milk Pathway

(m2 mrem/yr) per (uCi/sec)

! ! ] 1 Total | 1 1 [
!Nuclide! Bone ! Liver ! Body ! Thyroid ! Kidney ! Lung ! GI-LLI
1I-131 !1.30E9 !1.31E9 '17.45E8 !'4.33E11 !2.15E9 ! ND '1.17E8
1I1-132 !'6.02E-1 !1.11E0 'S.08E-1 !5.13E1 '1.69E0 ! ND '1.30E0
1I-133 !'1.74E7 !'2.1SE7 '8.13E6 !'3.99E9S !13.58E7 ! ND !18.66E6
1I1-134 ! 0 ! 0 ! 0 ! 0 ! 0 ! ND ! 0
1I-135 !5.40E4 !9.72E4 '14.60E4 !8.61E6 t1.49ES5 ! ND '7.40E4
!1Cs-134 !2.26E10 !3.72E10 !7.84E9 ! ND '1.15E10 !'4.13ES !2.00E8
'ICs=-136 !'1.01E9 !2.77E9 t1.79E9 ' ND '11.48E9 !2.20E8 '9,74E7
!1Cs-=137 !3.22E10 !3.09E10 !4.56E9 ! ND '1.01E10 !3.62E9 !1.93E8
!ICs-138 ! 0 ! 0 ! 0 ! ND ! 0 ! 0 ! (v}
!Ba-139 !1.89%9E-7 ! 0 !1S.48E-9 ! ND ! 0 ! 0 11.09E-5
'Ba-140 '1.17E8 !1.03ES '6.84E6 ! ND '3.34E4 !'6.12E4 !5.93E7
'Ba-14 ! 0 ! 0 ! 0 ! ND ! 0 ! 0 ! 0
'Ba-142 ! 0 ! 0 ' 0 ! ND ! 0 ! 0 ! 0
'La=-140 !1.95E1 16.80E0Q 12.29E0 ! ND ! ND ! ND t1.90E5
'La-142 ! 0 ! 0 ! 0 ! ND !' ND ! ND 12.90E-6
!Ce-141 !2.13E4 !'1.09%E4 11.62E3 ! ND '14.78E3 ! ND *'1.36E7
!Ce~143 !'1.87E2 '!'1.02ES '1.47E1 ! ND '14.26E1 ! ND '1.49E6
!Ce-144 !1.62E6 !S.0SES !18.66E4 ! ND 12.82E5 ! ND 11.33E8
'Pr-143 !'7.19E2 12.16E2 t3.57E1 ! ND 't1.17E2 ! ND 17 .75ES
'Pr-144 ! 0 ! 0 ! 0 ! ND ! 0 ! ND ! C
!Nd-147 !4.45E2 !13.61E2 t2.79E1 ! ND '1.98E2 ! ND 1S.71E5S
'W-187 !'2.91E4 !1.73E4 17.73E3 ! ND ! ND ! ND 12.42E6
!Np=-239 !1.72E1 !1.23E0 !8.68E-1 ' ND 13.57E0 ' ND '9.14E4
= $3 -
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PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES

TABLE 5 (Contd.)

Rev. 3

Grass-Goat-Milk Pathway

(m2 mrem/yr) per (uCi/sec)

! [ 1 T Total ! ] ] !

INuclide! Bone ! Liver ! Body ! Thyroid ! Kidney ! Lung ! GI-LLI
H-3 't ND 13.20E3 13.20E3 !3.20E3 t3.20E3 !'3.20E3 !3.20E3
Cc=-14 !1.19E9 t2.39E8 12.39E8 '2.39E8 12.39E8 !'2.39E8 12.39E8
Na-24 !1.07E6 !1.07Eé6 '1.07E6 11.07E6 t1.07E6 !'1.07E6 '1.07E6
P=-32 '9.33E10 !'4.37E9 13.60ES ' ND ! ND ! ND 12.58E9
Cr-51 ! ND ! ND '1.23E4 16.78E3 '1.87E3 11.25E4 '6.48ES
Mn-54 ! ND 12.52E6 '6.70E5 ! ND t7.06E5 ! ND 12.11E6
Mni-56 ! ND '1.54E-3 13.4%E-4 ! ND t1.87E-3 ! ND 12.24E-1
Fe-=55 !1.45E6 17.71ES 12.39ES ! ND ! ND 14.36E5 '1.43E5S
Fe-59 !1.56E6 12.53E6 '11.26E6 ! ND ! ND 17.33E5 12.63E6
Co=-58 ! ND 11.45E6 '4 .45E6 ! ND ! ND !t ND '8.45E6
Co-60 ! ND !5.18E6 '1.53E7 ! ND ! ND ! ND t2.87E7
Ni-83 !3.56E9 11.90E8 '1.21E8 ! ND ! ND ! ND '!1.28E7
Ni-65 !1.99E-1 !1.87E=-2 '1.09E-2 ! ND ! ND ! ND 12.29E0
Cu-64 ! ND '8.31E3 15.02E3 ! ND t12.01E4 ! ND '3.90ES
Zn-65 !4.96ES8 '1.32E9 '8.22E8 ! ND '8.33E8 ' ND 12.32E8
Z2n-69 ! 0 ! ¢ ! 0 ! ND ! 0 ! ND '1.35E-1C
Br-83 ! ND ! ND ! ND ! ND ! ND ! ND ! ND
Br-84 ! ND ! ND ! ND ! ND ! ND ! ND ! ND
Br-85 ! ND ! ND ! ND ! ND ! ND ' ND ! ND
Rb-86 ! ND t1.06E9 '6.50E8 ! ND ! ND ! ND '6.80E7
Rb=-88 ! ND ! 0 ! 0 ! ND ! ND ! ND ' 0
Rb-8% ! ND ! 0 ! 0 ! ND ! ND ! ND ! 0
Sr-89 !'1.39E10 ! ND 13.97E8 ! ND ' ND ' ND 'S5.38E8
Sr-90 !'2.35E11 ! ND 1S.95E10 ! ND ! ND ! ND 't3.16E9
Sr-91 !2.74ES5 ! ND '1.03E4 ! ND ! ND ' ND '6.04ES
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TABLE 5 (Contd.)

FATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES

Grass-Goat-Milk Pathway

(m2 mrem/yr) per (uCi/sec)

! ! ] 1 Total ! ] ! ]
INuclide! Bone ! Liver ! Body ! Thyroid ! Kidney ! Lung ! GI-LLI
! Sr-92 !'4.58E0 ! ND '1.84E-1 ! ND ! ND ! ND '8.68E1
! Y-90 !3.87E1 ' ND '1.03E0 ! ND ! ND ! ND '1.10ES
! Y=-91m ! 0 !t ND ! 0 ! ND ! ND ! ND ! 0
! Y-91 !4.6B8E3 ! ND 11.25E2 ! ND ! ND ! ND 16.24E-5
! Y-92 1!3.04E-5 ! ND '8.6%E-7 ! ND ! ND ! ND 18.77E-1
! Y=-93 !1.27E-1 ! ND '3.48E-3 ! ND ! ND ! ND 11.89E3
! 2r-95 '4.60E2 '1.01E2 '9.00E1 ! ND '_.45E2 ! ND 11.05ES
t 2r-97 !'2.30E-1 !3.33E-2 '1.96E-2 ! ND '4.78E-2 ! ND !5.04E3
! Nb-95 !3.81lE4 !'1.48E4 '1.06E4 ! ND '1.39E4 ! ND 12.75E7
! Mo-99 ! ND '9.76E6 12.42E6 ! ND 12.09E7 ! ND 18.08E6
! Tc-99m!1.59E0 '3.11E0 !1S.15E1 ! ND '4.52E1 '1.58E0 '1.77E3
! Te=-d01! 0 ! 0 ! 0 ! ND H 0 ! C ! 0

! ! Ru-103!5.14E2 ! ND 11.98E2 ! ND '1.29E3 ! ND '1.33E4

! ' Ru-~105'4.58E-4¢ ! ND !1.66E-4 ! ND '14.03E-3 ! ND 12.99E-1
! Ru-106!1.11E4 ! ND '!1.38E3 ! ND '1.S0E4 ! ND 11.72ES
'Ag=110m!2.51E7 !11.69E7 '1.35E7 ' ND 13.15E7 ! ND 12.01E¢S
'Te-125m!8.85E6 '2.40E6 '1.18E6 !2.48E6 ! ND ! ND '8.54E¢6
'Te-127m!2.5S0E7 !'6.72E6 '12.96E6 !5.97E6 '7.12E7 ! ND 12.02E7
!Te-127 !'3.66E2 '9.86E1 t7.85E1 !2.53E2 11.04E3 ! ND '1.43E43
{Te-129m!3.25E7 '9.0%E6 'S.05E6 !'1.05E7 19.S5E7 ! ND 13.97E7
! Te-129 ! ) ! 0 ! 0 ! 0 ! 0 ! ND 17.40E-9
'Te-131m!1.92ES5 !'6.64E4 '7.07E4 '1.37ES '6.43ES ! ND 12.69E%5
!Te-131 ! 0 ! 0 ! 0 ! Q ! 0 ! ND ! 0
!Te-132 '1.23E6 '5.42ES '6.55ES5 !7.90ES tS.04E6 ! ND '5.46ES8
'I-130 !2.07E6 '4.19E6 t2.16E6 '4.51E8 '6,26E6 ! ND '1.96E5

-
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TABLE 5 (Contd.)

PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES

Grass-Goat-Milk Pathway

(m2 mrem/yr) per (uCi/sec)

! i ] T Total ! ! ' ' !
'Nuclide! Bone ! Liver ! Body ! Thyroid ! Kidney ! Lung ! GI-LLI !
1I-131 !'1.56E9 !1.57E9 '8.94E8 !5.20El11l '2.58E9 ! ND '1.40E8 !
! 1I-132 !7.22E-1 !1.33E0 '6.10E-1 !6.15E1 12.03E0 ! ND '1.56E0 !
1I-133 !2.09E7 !2.58E7 !19.76E6 '4.79ES9 '14.30E7 ! ND 11.04E7 !
'I-134 ! 0 ! 0 ! (o} ! 0 ! 0 ! ND ! 0 !
'I-135 1!6.48E4 !1.17E5 !15.52E4 !1.03E7 11.79ES ! ND '8.88E4 !

|
)
! ‘
'!3.02E10 !1.09E10 !S5.80E8 !
!
!

'Cs-134 '6.79E10 !1.11E11 !2.35E10 ! ND '3.45E10 !'1.24E10 '6.01E8
1Cs=-136 !3.03E9 !8.32ES '5S.38E9 ! ND '4.43E9 !'6.61E8 '2.92E8
'Cs=-137 !9.67E10 !9.26E10 !1.37E10 ! ND

'1Cs=-138 ! 0 ! 0 ! 0 ! ND ! 0 ! 0 ! 0
'Ba-139 !2.27E-8 ! 0 ! 0 ! ND ! 0 ! 0 11.31E-6
'Ba=~140 '1.41E7 !'1.23E4 '8.20E5 ! ND '4.01E3 '7.34E3 !'7.12E6 !
'Ba-14n ! 0 ! 0 ! 0 ! ND ! 0 ! 0 ! 0 '
'Ba=-142 ! 0 ! 0 ! 0 ! ND ! 0 ! 0 ! 0 '
'La=-140 !2.34E0 !8.17E-1 !2.75E-1 ! ND ! ND ! ND 12.28E4
'La=-142 ! 0 ! 0 ! 0 ! ND ' ND ! ND 13.49E-7
'Ce-141 !2.62E3 !1.31E3 '1.94E2 ! ND 1S.74E2 ! ND '1.63E6 !
'Ce=143 !12.25E1 !1.22E4 '1.77E0 ! ND 1S.12E0 ! ND t1.79E5 !
'Ce~144 '!'1.95ES5 '!'6.11E4 '1.04E4 ! ND 13.38E4 ! ND '1.59E7 !
'Pr-143 !8.82E1 !2.5%E1l '4.28E0 ! ND '1.40E1 ! ND '9.30E4 !
'Pr-144 ! 0 ' 0 ! 0 ! ND ! 0 ! ND ' 0 '
INd-147 !S.34E1 !4.33E1 13.35E0 ! ND 't12.37E1 ! ND '6.85E&8 !
IW=187 !3.4%E3 !2.07E3 '9.27E2 ' ND ! ND ! ND 12.90ES !
'Np-239 !'2.06E0 !1.48E-1 !1.04E-1 ! ND '4.28E-1 ! ND '1.10E¢ !
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TABLE S (Contd.)

PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES

Vegetation Pathway

(m2 mrem/yr) per (pCi/sec)

! ] ! T Total ! 1 ]
'Nuclide! ! Liver ! Body ! Thyroid ! Kidney !

H-3 ! ND '4.01E3 '4.01E3 '!'4.01E3 '4.01E3 !4.01E3 '4.01E3 !
C-14 !8.89E8 !1.78ES8 '1.78E8 !1.78ES8 '1.78E8 !1.78E8 !'1.78E8 !
Na-24 !3.75ES !3.7SES 13.75E5 !'3.75ES 13.7585 13.75ES 13.75E% !

pP-32 !3.37E® !1.57E8 !1.30E8 ! ND ! ND ! ND 19.30E7
Cr-S51 ! ND ! ND '1.17E5 !6.50E4 !1.78E4 !1.19E5 16.21E6
! Mn-54 ! ND '6.65E8 !1.77EE ! ND 11.86E8 ! ND !5.58E8 !
! Mn-56 ! ND '1.88E1 '4.24E0 ! ND 12.27E1 ! ND 12.72E3 !
! Fe-55 !8.01E8 14.25E8 !'1.32E8 ! ND ! ND 12.40E8 !7.87E7 !
! Fe-S59 !3.97E8 16.43E8 !3.20E8 ! ND ! ND '11.86E8 !6.69E8 !
! Co-58 ! ND 16.44E7 !1.97E8 ! ND ! ND { ND '13.76E8 !
! Co-60 ! ND '3.78E8 !1.12E9 ! ND ' ND ! ND 12.10E9
! Ni-@3 !3.95E10 !'2.11E9 !1.34E9 ! ND ! ND t ND 11.42E8
! Ni-65 !1.0SE2 1!9.89E0 !5.77E0 ! ND ! ND ! ND 11.21E3
! Cu-64 ! ND '1.10E4 '6.64E3 ! ND 12.66E4 ! ND 15.16E5
! 2n-65 !8.12E8 !2.16E9 !1.35E9 ! ND '1.36E9 ! ND '3.80E2
! ' 2n-69 !1.09E-5 !1.57E=5 !1.45E-6 ! ND 19.52E-6 ! ND 19.11E-4
' Br-83 ! ND ! ND 'S.37E0 ! ND ! ND ! ND t0
{ Br-84 ! ND ! ND t0 ! ND t ND ! ND r0 '
! Br-85 ! ND ! ND 0 ! ND ! ND ! ND t 0 '
! Rb-86 ! ND '4.58E8 '2.82E8 ! ND ! ND ! ND 12.94E7
! Rb=-28 ! ND ! 0 ! 0 ! ND ! ND ! ND ! 0 !
! Rb=-89 ! ND ! 0 ! 0 ! ND ! ND ! ND ! 0 !
! Sr-89 !'3.59E10 ! ND 11.03E9 ! ND ! ND ! ND 1.39E9
! Sr-90 !'1.24E12 ! ND '3.15E11 ! ND ' ND t{ ND 11.67E10
! Sr-91 !5.24ES ! ND '1.98E4 ! ND ! NP ! ND 11.16E6
\
\
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TABLE 5 (Contd.)

Rev. 3

PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES

Vegetation Pathway

(m2 mrem/yr) per (uCi/sec)

! 1 1 I Total ! ! ] '
INuclide! Bone ! Liver ! Body ! Thyrcid ! Kidney ! Lung ! GI-LLI
! Sr-92 !'7.28E2 ! ND 12.92E1 ! ND ! ND ! ND '1.38E4
! Y-90 !2.31E4 ! ND '6.18E2 ! ND ! ND ! ND '6.57E7
! Y-91m !'5.87E-9 ! ND 13.23E-10! ND ! ND ! ND '1.74E-5
! Y=-91 !'1.86E7 ! ND 14 .99ES ! ND ! ND ! ND '12.48E9
! Y-92 1!1.58E0 ! ND 14.53E-2 ! ND ! ND ' ND '4.58E4
! Y-93 !3.01E2 ! ND '18.25E0 ! ND ! ND ! ND '4.48E6
! Z2r-95 !3.86E6 !'6.45ES 17.55E5 ! ND '1.21E6 ! ND '18.84E8
t 2r-97 !S.70E2 !8.24El '4.86E1 ! ND '1.18E2 ! ND 11.25E7
! Nb=-95 14.10E5 !1.59ES '1.14ES ! ND 11.50ES ! ND t2.95E8
! Mo-9¢ ! ND 17.71E6 !11.91E6 ! ND '1.65E7 ! ND '6.38E6
! Tc-99m!4.71E0 !9.24E0 11.53E2 ! ND '1.34E2 !4.6%E0 15.26E3
! Tc-191! 0 ! 0 ! 0 ! ND ! ) ! 0 ! 0
! Ru-103!1.54E7 ! ND 'S.90E6 ! ND 13.87E7 ! ND 13.97E8
! Ru-105!9.16E1 ! ND t3.32E1 ! ND '18.05E2 ! ND 'S5 .98E4
! Ru-106!7.45E8 t ND '9.30E7 ! ND '11.01E9 ! ND 11.16E10
'Ag-110m!3.22E7 !'2.17E7 '1.74E7 ! ND '4.0SE7 ' ND 12.5BE9
1 Te-125m!3.51E8 !9.5S0E7 '4.67E7 '9.84E7 ! ND ! ND !3.38E8
'Te-127m!1.32E9 !3.56E8 '1.57E8 !13.16E8 t13.77E9 ! ND 11.07E9
'Te-127 !'1.00E4 '2.69E3 12.14E3 '6.91E3 '2.84E4 ! ND 13.90ES
!Te-129m!8.38E8 12.34E8 '1.30E8 12.70E8 12.46E9 ! ND 11.02E9
'Te-129 !'1.16E-3 !3.23E-4 !2.75E-4 !'8.26E-4 !3.3%9E-3 ! ND 17.20E=2
!Te-131m!1.54E6 15.33ES !S.68ES '1.10E6 '5.16E6 ! ND 12.16E7
1Te-131 ! 0 ! 0 ! 0 ! 0 ! 0 ! ND ! 0
!Te-132 !'6.38E6 !13.C9E6 '3.73E6 '4.5CEé6 12.87E7 { ND 13.21E7
+ !1-130 !'6.16E5 !1.24E6 '6.38ES !1.37E8 '11.86E6 ! ND 1S.79ES
\
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TABLE S (Contd.)

PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES

Vegetation Pathway

(m2 mrem‘yr) per (pCi/sec)

! ] ] ! Total ! ] 1 1 !
tNuclide! Bone ! Liver ! Body ! Thyroid ! Kidney ! Lung ! GI-LLI !
tI-131 !'1.43E8 !'1.44E8 t18.17E7 !4.75E10 !2.36E8 ND 11.28E7
tI-132 !8.58E1 !'1.58E2 17.25E1 17.31E3 12.41E2 ND '1.86E2

'
'

'I-133 !3.56E6 !4.40Eé6 '1.67E6 !8.18E8 '7.34E6 ! ND 11.77E6

11-134 !1.55E-4 !2.88E-4 !1.32E-4 !6.62E-3 !4.40E-4 ! ND 11.91E~-4

11-135 !6.62E4 !1.13ES !S.33E4 !9.97E6 '1.70E5 ! ND '!8.58E4

- S sem see s

'Cs-134 !'1.60E10 !'2.63E10 !5.55E9 ! ND !8.15E9 !2.93E9 '1.42E8 !
!1Cs-136 !8.17E7 !2.25E8 '1.45E8 ! ND '11.20E8 !1.78E7 !7.90E6 !
!1Cs=-137 !2.39E10 !2.29E10 !3.38BE2 ! ND '7.46E9 !2.68E9 !1.43E8 !
!Cs~-138 ! 0 ! 0 ! 0 ! ND ! 0 ! 0 ! 0 !
'Ba-139 !'4.80E-2 !2.56E-5 !1.39E-3 ! ND 12.24E-5 !'1.51E-5 !2.77E0 !
'Ba-140 !'2.77E8 !2.42ES '11.62E7 ! ND '7.89E4 !1.45ES5 !'1.40E8 !
!Ba=-14l ! 0 ! 0 ! 0 ! ND ! 0 ! 0 ! 0 !
‘Ba-142 ! 0 ! 0 ! 0 ! ND ! 0 ! 0 ! 0 ;
'La-140 '3.25E3 !1.14E3 !3.83E2. ! ND ! ND ! ND '3.17E7

'La~142 !2.50E-4 !7.98E-5 !2.50E-5 ! ND ! ND ! ND '1.58E1

tCe-141 !'6.56E5 !3.27ES '4.86E4 ! ND '11.43ES ! ND '4.08E8

'Ce-143 '1.72E3 !9.31ES '1.35E2 ! ND '3.91E2 ! ND 11.36E7 !
!Ce-144 !'1.27E8 !3.98E7 '6.78E6 ! ND 12.21E7 ! ND '1.04E10 !
'Pr-143 !1.46E5 !4.38E4 17.25E3 ! ND '12.37E4 ! ND '1.58E8 !
'Pr-144 ! 0 ! 0 ! 0 ! ND ! 0 ! ND ! 0 !
*!Nd-147 !'7.17E4 !'S.8lE4 '4.50E3 ! ND '3.19E4 ! ND 19.20E7 !
'W-187 !6.47E4 !3.83E4 '1.72E4 ! ND ! ND ! ND 15.3686 !
'Np-239 !2.55E3 !'1.83E2 '1.29E2 ! ND 'S.30E2 ! ND 11.36E7 !
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TABLE 6 (Continued)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

s
Station

Code Sector Site Description Location
40 P Callaway Electric Cooperative Utility 4.2 mi. @ 291° WNW

Pole No. 18145
39 Q Callaway Electric Cooperative Utility 5.4 mi. @ 312 ° NW

Pole No. 17516
38 R Callaway Electric Cooperative Utility 4.5 mi. @ 334° "NW

Pole No. 34708

Eight Stations to be placed in

special interest areas such as

population centers, nearby resi-

dences, schools, and in 1 or 2

areas Lo serve as control stations.
33 City of Hams Prairie 7.3 mi. @ 271° W
31 City of Mokane 7.6 mi. @ 218° SW
26 Town of Americus 12.1 mi. @ 82° E
27 Town of Bluffton 9.5 mi. @ 112° ESE
35 City of Teledo 5.8 mi. @ 340° NNW
23 City of Yucatan 6.7 mi. @ 14° NNE
11 City of Portiand 5.0 mi. @ 136° SE
20 City of Readsvilie ) 4.8 mi. @ 45° NE
34 (P-Contrel) 2.5 Miles South of 0 and C 9.5 mi. @ 291° WNW

Junction
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Station
Code

! A-9

'
~J
>

U

! A-7

3. Waterborne
a. Surface

S01

Sector

TABLE 6 (Continued)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Site Description

County Road 448, 0.9 mi.

South ot Highway 0

s

0.6 mile east of Highway 0

and CC Junction

One sample from the community
with the highest D/Q

Community of Reform

One sample from a control location,
as for example 15-30 km distant
and in the least prevalent wind
direction.

C. Bartley Farm

One sample upstream

84 feet upstream of discharge,

north bank

One sample downstream

Location

.9 mi. @ 20° NNE

1.9 mi. @ 355° NNV

1.7 mi. @ 336° NNW

9.5 mi. @ 312° NW

) f
Composite sample over a
period of less than or
equal to 31 days.

4.8 mi. @ 144° SE

G : . . d
amma isotopic analysis
of each sample. Tritium
analysis of composite
sample at least orc-e per
92 days.



TABLE 6 (Continued)

RADTOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

.
Station
—Code Sector  Site Description Location
c G 1.0 river mile downstream 5.1 mi. @ 135° SE
of discharge, north bank
4. Ingestion
a. Milk Samples from milking animals Semimonthly when Gamma isotopic (@ and I-131
in three location within animals are on analysis semimonthly when
5 km distance having the pasture, monthly at animals are on pasture;
! highest dose potential g. 1If other times. monthly at other times.

thers are ncne, then one
sample from milking animals
in each of Lhree areas
between 5 to 8 km distant
where doses are calculated
to be greater than 1 mrem
per year

-9‘-

One sampie trom milking animals
at a control location, 15 te

30 km distant and in the least
prevalent wind direction.

Due to a lack of milk animals which satisfy these requirements, the milk pathway is currently not
included as a part of the Callaway Plant Radiological Environmental Monitoring Program. Should
the Annual Land Use Census ident.fy the existence of milking animals in locations which satisfy
these requirements, then the program will be revised to include this pathway.



TABLE 6 (Continued)

Station
Code Sector  Site Rescription Location

Samples of three Monthly when available Gamma Isotopic(d) and 1-131

P I

e

e B T

- o

- - —

— T A

' V-6

! V-7

-QL-

V-3

diffecent kinds of

broad leaf vegetation

growa nearest each of two
difierent offsite locations
of highest predicted annual
average ground-level D/Q

if milk sampling is not
periormed.

Becker Farm
Meehan Farm

One sample of each of
the similar broad leaf
vegetation grown 15 to
30 km distaat in the
least prevalent wind
direction if milk
sampiing 1s not
performed.

Hazlett Farm

analysis.

1.8 mi. @ 344° NNW
1.8 mi. @ 356° N

Monthly when available Gamma isotopic
analysis.

15 mi. @ 224° SW

(d)
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TABLE 7

s
Reporting Levels

Water Airborne Particulate Fish Milk Food Product
'Analysis (pCi/l) or Gases (pCi/r?) (pCi/kg), wet (pCi/1)  (pCi/kg, wet)
: H-3 20,000 * A (R T
: Mn-54 1,000 30,000
: Fe-59 400 10,000
: Co-58 1,000 30,000
: Co-60 300 10,000
: Zr-Nb-95 400 =%
: I-131 2 0.9 3 100
: Cs-134 30 10 1,000 60 1,000
: Cs-137 50 20 2,000 70 2,000
: Ba-La-140 200 ** = 300%*

% For drinking wate: sampies.

|
et T e

** Total activity, parent plus daughter activity.

For surface water samples a value of 30,000 pCi/l is used.

e,



LY

TR Yt W IS R 2 T
{ i

T W Ly T e T, Tl GV e R o Pl [N R ¢

.

TABLE 8

MAXIMUM VALUES FOR THE LOWER LIMITS OF DETECTION (LLD)' b’f
1 - o x
! Water Airborne Particulate Fish Milk Food Product Sediment
tAnalysis (pCi/1) or Gases (pCi/m?) (pCi/kg), wet (pCi/1)  (pCi/kg, wet) (pCi/Kg, dry)
:Gtoas Beta 4 o i ke A . B
: H-3 2000 *
: Fe-54 15 130
: Fe-59 30 260
: Co-58,60 15 130
: Zc-Nb-95 15 **
: 1-131 i(d) .07 1 60
: Cs-134 15 .05 130 15 60 150
: Cs-137 15 .06 150 18 80 180
: Ba-La-140 15 0 § 15%*

—-n-—‘—----nn--.-—-‘_—

| #* Total activity, parent plus daughter activily.

\ * For surface water samples, a value of 3000 pCi/l 1s used.
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At = the elapsed time between sample collection
(or errd of the smaple collection period)
and time of counting (for environmental
samples, not plant effluent samples).

Typical values of E, V, Y and At shall be used in the
calculations.

It should be recognized that the LLD is defined as a a
riori (before the fact) limit representing the capa-
bility of a measurement system and not as an a
posteriori (after the fact) limit for a particular
measurement. Analyses are performed in such a manner
that the stated LLDs are achieved under routine
cenditions. Occassionally background fluctuations,
unavoidable small sample sizes, the presence of inter-
fering nuclides, or other uncontrollable circumstances
may render these LLDs unachievable. In such cases, the
contributing factors shall be identified and described
in the Annual Radiological Environmental Operating
Report.

(b) This list does not mean that only these nu-
clides are to be considered. Other peaks that
are identifiable, together with those of the
above nuclides, shall also be anlayzed and
reported in the Annual Radiological Environ=-
mental Operating Report.

(¢) Required detection capabilities for thermolu-
minescent dosimeters used for environmental
measurements shall be i1n accordance with the
reccommendations of Regulatory Guide 4.13,
Revision 1, July 1977.
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Rev. 3

Values of the slope factor (S), are presented in TABLE
s 5

Short term dispersion estimates are applicable to short
term releases which are not sufficiently random in both
time of day and duration (e.g., the short term release
periods are not dependent solely on atmospheric condi-
tions or time of day) to be represented by the annual
average dispersion conditions. (Ref. 9.8.12.)

6.1.2.1 The Determination of the Slope Factor (S).

The general approach employed by subroutine PURGE of
¥OQDOQ (Ref. 9.17.4) was utilized to produce values of
the slope of the (X/Q) curves (Slope Factor (S)) for
both the Radwaste Building Vent and the Unit Vent.
However, instead of using approximat.on procedures to
produce the 15 precentile (X/Q) values, the 15 percen-
tile (X/Q) value for each release and at each location
was determined by ranking all the l-hour (X/Q), values
for that release and at the location in descen&ing
order. The (x,/Q)1 value which corresponded toc the 15
percentile of all“the calculated (X/Q) values within a
sector was extracted for use in the intermittent
release (X/Q) calculation.

The intermittent release (X/Q) curve was constriucted
using the calculated l-hour 15 percentile (X/Q), and
its corresponding annual average (X/Q).. A graphic re-
presentation, of how the computational procedure works
is 1llustrated by Figure 4.8 of reference 9.17.4. The
straight line connecting these pcints represents (X/Q).
values for intermittent releases, ranging in duration .
from one (1) hour to 8760 hours. The slope (S) of the
curve 1s expressed as:

-log ( (X/Q ) L(X/Q) )

log (Ta/Tl)

S =

or

=(log (X/Q)., = log (X/2),)
log Ta = log T

S =
1

v 90 -

(6.8)

(6.9)
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LOCATION (b)

SITE BOUNDARY
Nearest Cow (cC)
Nearest Goat (c)
Nearest Meat Animal

Nearest Vegtable (c)
Garden

Nearest Residence(c)

Boundary, Area Closed
to Public Use (c)

HIGHEST ANNUAL AVERAGE ATMOSPHERIC DISPERSION PARAMETERS (a)

TABLE 9

-
RADWASTE BUILDING VENT

X/Q
Decayed/Depleted D/Q

DISTANCE X/Q
SECTOR (METERS) X/Q Decayed/Undepleted
(sec/m?) (sec/m3)

s 1300 1.3E-6 1.3E-6
Hw 5053 4.3E-7 3 .2E-7
NW 5053 4.3E-7 4.2E-7
NNW 2736 7.6E-7 7.6E-7
NNW 2865 8.2E-7 8.1E-7
NNW 2865 8.2E-7 8.1E-7
NwW 1154 4.0E-6 4.0E-6

(a) Values given are from FSAR, Table

(b) Data from 1984 Land Use Census

2.3-84, and Table 2.3-

86

(sec/m3)

1
3

.2E-6
+3E=~7
.3E-7

.4E-8

.8E-7

.8E~-7

.5E-6

(m™2)

4

(c) Values derived from FSAR, Table 2.3-81, using the methodology presented in Equation (6.2)

Building Shape Parameter (C) = 0.5 (Ref. 9.5.4)
vertical Height of Highest Adjacent Building (V) = 19.96 meters (Ref. 9.5.4)

.4E-9
1E-9
.1E-9

.4E-9

.SE~9

.5E~9

.4E-8
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TABLE 10

HIGHEST ANNUAL AVERAGE ATMOSPHERIC DISPERSION PARAMETERS (a)
rs

SR R Y

UNIT VENT
i
. DISTANCE X/Q X/Q |
é LOCATION (b) SECTOR (METERS) X/Q Decayed/Undepleted Decayed/Depleted D/Q
1 (sec/m3) (sec/m3) (sec/m3) (m™2)
# SITE BOUNDARY S 1300 9.9E-7 9.8E-~7 8.8BE-7 4 .4E-9
t ! Nearest Juw (c) Nw 5053 3.6E-7 3.6E-7 2.8BE-7 1.1E-9
W ! Nearest Goat (c) NW 5053 3.6E-7 3.6E-7 2.8E-7 1.1E-9
% Nearest Meat Animal NNW 2736 5.9E-7 5.9E-7 5.0E-7 2.4E-9
; 1 ! Nearest Vegtable (c)
{ ?! Garden NNW 2865 6.4E-7 6.3E-7 5.3E-7 2.5E-9
? ! Nearest Residence(c) NNW 2865 6.4E-7 6.3E-7 5.3E-7 2.5E-9
i
4 Boundary, Area Closed
g to Public Use (c) NW 1154 2.8E-6 2.8E-6 2.5E-6 1.4E-8
]
|
/

(a) Values given are from FSAR, Table 2.3-82, and Table 2.3-85

\ ! (b) Data from 1984 Land Use Census
(c) Values derived from FSAR, Table 2.3-83, using the methodology presented in Equation (6.2)

Building Shape Parameter (C) = 0.5 (Ref. 9.5.4)
. Vertical Height of Highest Adjacent Building (V) = 66.45 meters (Ref. 9.5.4)
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TABLE 11

SHORT TERM DISPERSION PARAMETERS (a) (c)

Slope Factor(S)

Location (b) Sector Distance Unit Vent Radwaste
(meters) Building
Vent
Site Boundary S 1300 -.328 -.320
! Nearest Cow NwW 5053 -.263 -.266
! Nearest Goat NW 5053 -.263 -.266
! Nearest Meat NNW 2736 -.262 -.268
Animal
Nearest Vegetable NNW 2865 -.264 -.268
Garden
! Nearest Residence NNW 2865 -.264 -.2€8

N

(a) Reference 9.5.4
(b) Data from 1984 Land Use Census
(¢) Recirculation Factor = 1.0

- 99 =
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7.0 SEMI-ANNUAL RADIOACTIVE EFFLUENT RELEASE
REPORT

Routine Radioactive Effluent Release Reports covering
the operation of the unit during the previous 6 months
of operation are submitted within 60 days after January
1 and July 1 of each year. The period of the first
report begins with the date of initial criticality.

The Radiocactive Effluent Release Reports include a sum-
mary of the quantities of radioactive liquid and
gasaous effluents and solid waste released from the
unit as outlined in Regulatory Guide 1.21, "Measuring,
Evaluating, and Reporting Radiocactivity in Solid Wastes
and Releases of Radiocactive Materials 1in Liguid and
Gaseous Effluents from Light-water-Cooled Nuclear Power
lants," Revision 1, June 1974, with data summarized on
a qQuarterly basis following the format of Appendix B
thereof. For solid wastes, the format for Table 3 in
Appendix B is supplemented with three additional
categories: class of solid waste (as defined by 10 CFR
! Part 61), type of container (e.g., LSA, Type A, Type B,
! Large Quantity), and SOLIDIFICATION agent or absorbent
! (e.g., cement, urea formaldehyde).

The Radiocactive Effluent Release Report to be submitted
witin 60 days after January 1 of each year includes an
annual summary of hourly meteorological data collected
over the previous year which may be either in the form
of an hour-by-hour listing on magnetic tape cf wind
speed, wind direction, atmospheric stability, and pre-
cipitation, or in the form of joint frequency distribu-
tions of wind speed wind direction, and atmospheric
stability.* This same report includes an assessment of
the radiation doses due to the radioactive liquid and
gaseous effluents released from the unit or station
during the previous calendar year. This same report
also includes, the asessment of the radiation doses
from radicactive liquid and gaseocus effluents to MEM-
BERS OF THE PUBLIC due to their activities inside the
SITE BOUNDARY during the report period. All assump-
tions used in making these assessments, i.e., specific
activity, exposure time and location, is included in

! these reports. Acceptable methods for calculating the

! dose contributions from liquid and gaseous effluents

! are given in Regulatory Guide 1.109, and the ODCM.

The Radiocactive Effluent Release Report to be submitted
60 days after January 1 of each year also includes, as
required by Technical Specification 3.11.4, an assess-
ment of radition doses to the likely most exposed MEM-
BER OF THE PUBLIC from Reactor releases and other
nearby uranium fuel cycle sources, including doses from
primary effluent pathways and direct radiation, for the

- 95 -
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previous calender year to show conformance with 40 CFR
Part 150, "Environmental Radiation Protection Standards
for Nuclear Power Operation".

The Radicactive Effluent Release Reports include a list
and description of unplanned releases from the site to
UNRESTRICTED AREAS of radioactive materials in gaseous
and liquid effluents made during the reporting period.

The Radiocactive Effluent Release Reports include any
changes made during the reporting period to the PROCESS
CONTROL PROGRAM and to the ODCM, pursuant to Specifica-
tion 6.13 and 6.14, respectively, as well as any major
change to Liguid, Gaseous, or Solid Radwaste Treatment
System, pursuant to Specification 6.15. It also in-
cludes a listing of new locations for dose calculations
and or environmental monitoring identified by the Land
Use Census pursuant to Specification 3.12.2.

The Radicactive Effluent Release Reports also inciliude
the following information: An explanation as to why
the inoperability of liquid or gaseous effluent moni-
toring instrumentation was not corrected within the
time specified in Specification 3.3.3.10 or 3.3.3.11,
respectively; and descriptio. of the events leading to
liquid holdup tanks or gas storage tanks exceeding the
limdts of Specification 2.11.1.4 or 3.11.2.5,
respectively.

*In lieu of submission, the Union Electric Company has
the option of retaining this summary of required
meteorological data on site in a file that shall be
provided to the NRC upon request.

(Ref.9.4)
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8.0 IMPLEMENTATION OF ODCM METHODOLOGY

The ODCM provides the mathematical relationships used
to implement the Radiological Effluent Technical
Specifications.

For routine effluent release and dose assessment, com=-
puter codes are utilized to implement the ODCM
methodologies. These codes have been evaluated by a
qualified independent reviewer to ensure that they pro-
duce results consistent with the methodologies pre-
sented in the ODCM. (Ref. 9.5.5)
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ment Printing Office, Washington, D.C. 20402.
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Government Printing Office, Washington, D.C.
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Callaway Technical Specifications, Section
3:3.3.9, 2.3.3.10, 3/4.11, 3/4.)2, and 6.9.1.7
as submitted to the U.S. Nuclear Regulatory
Commisssion, August 1983.

Communications

Letter NEO-54, D.W. Capone to S.E. Milten-
berger, dated January 5, 1983; Union Electric
Company correspondence.

Letter BLUE 1285, "Callaway Annual Average X/Q
and D/Q Values", J. H. Smith (Bechtel Power
Corporation), to D. W. Capone (Union Electric
Co.), dated February 27, 1984.

Letter BLUE 1159, J. H. Smith (Bechtel Power
Corporation) to D. W. Capone (Union Electric
Company), dated January 18, 1984.

Letter BLUE 1232, "Callaway Annual Average X,/Q
Values and "S" Values", J. H. Smith (Bechtel
Power Corporation) to D. W. Capone (Union
Elecctric Co.), dated February 9, 1984.

Letter BLUE 1358, "Comparison of Callaway
Plant Offsite Dose Calculations for Routine
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Union Electric Company Callaway Plant, Unit 1,
Final Safety Analysis Report.
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Section 9.2.6

Section
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Section 6.3.2.2

Table 11.1-6

Table 9
Table 9
Table 9
Table 9
Table 2
Table 2

Union Electric Company Callaway Plant Environ-
mental Report, Operating License Stage.
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.3-66

.3-68
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ing Atmospheric Transport And Dispersion of
Gaseous Effluents In Routine Releases From
Light-water-Cooled Reactors", Revision 1, U.S.
Nuclear Regulatory Commission, Washington,
D.C. 20555, July, 1977.

Section c.1.b

Figures 3 through 6

Figures 7 through 10

(Reference Deleted)

Section c.4

Regulatory Guide 1.109, "Calculation of Annual
Doses to Man From Routine Releases Of Reactor
Effluents For the Purpose Of Evaluating Com-
pliance With 10 CFR Part 50, Appendix I",
RevisZon 1, U.S. Nuclear Regulatory Commis-
sion, Washington, D.C. 20555, October 1977.
Appendix C, Section 3.a

Appendix E, Table E-15

Appendix C, Section 1l

U.S. Nuclear Regulatory Commission, "Methods
for Demonstrating LWR Compliance with the EPA
Uranium Fuel Cycle Standard (40 CFR Part
180)", USNRC NUREG-0543, washington, D.C.
20555, January 1980.

Section I, Page 2

Section IV, Page 8

Section IV, Page 9

Section II1I, Page 6

U.S. Nuclear Regulatory Commission, "Standard
Radiological Effluent Technical Specifications
for Pressurized Water Reactors", USNRC
NUREG-0472, Draft Revision 3, Washington, D.C.
20555, January 1983.

Definition 1.7, Page 1=-2
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Management Agreement for the Public Use of
Lands, Union Electric Company and the State of
Missouri Department of Conservation, December
21, 1982.

Exhibit A

wildlife Code of Missouri, Rules of the Con-
servation Commission, Issued January 1, 1983.

Miscellanecus References

Drawing Number M-109-0007-06, Revision 5.

U.S. Nuclear Regulatory Commission, "X0QDOQ:
Computer Program for the Meterological Evalua-
tion of Routine Effluent Releases at Nuclear
Power Stations"”, USNRC NUREG/CR-2929, Septem-
ber, 1982, Washington, D.C. 20555.

Section 4.1, "Subroutine ANNUAL", pages 23-25.
Section 4.1, "Subroutine ANNUAL", page 25.
Section 4., "Subroutine DEPOS", page 26.

Section 4, "Subroutine PURGE", pages 27 and
28.
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DESCRIPTION OF RADWASTE TREATMENT SYSTEM CHANGES

This Attachment contains the following:

) §8 ULNRC-937, Mr. Donald F. Schnell to Mr. Harold R. Denton, dated
October 3, 1984.

page 1 through 10

2. Letter Mr. B. J. Youngblood to Mr. D. F. Schnell, Subject: Callaway
Plant, Unit | - Amendment No. 2 to License NPF-30.

page | through 9
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STATE OF MISSOURI )

o
CITY OF 37. LOUIS )

samald 7. Schnell, of lawful age, being first duly sworn
ugen catx says that he is Vice sreasidens-Nuclear and an cfficec of
Gnion Slac:cic Cemgany; that he nas cead the fog23oing documant and
kncws -ae content ta2reof; that he bas executed the sama for and on
Sehalf of said company with full sewar and authority to Jdo s0; and
that th ‘3c s t“e:ezn stated are true and correct to the best of nis
kxnowiedge, information and belietf.

ALY
By /Q/’" A "‘//.///6

Donaia F. bcnnefI
Yice President
Nuclear

SUBSCRIZED and sworn to before'me this j%z«i day of d&zidéu/, L9864
N\

p o7 'J,.‘.A/'/ ;é“f

N o
BASEARA 1. PRasel/
NOTARY PLGUIC, STATE QF M:S500R)
Y SIS0 TAMAES APRIL 22, 1V
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// ATTACHMENT 4

— o~ >
Safety Svaluation

izion of Tecanical

rais ameadmans caguest i3 for fav :
goacificazicn Tagla 4.11-L RO iacioda two addittronal Batch Waste
Ja-2332 TINe3. Thas: we 130,3C2 zallen tanks ace teguiced LoC
gzscase and ac fizshasgae due T AR Lago2ase 1a the volume of
sacandasy Liguid wazte; apecilicalliy wast2 from condensate
:em;:e:zi-:e: s¥3janasazions. Sriziaaily, the volume of waste
2.am cesasazaticn of the concansat2 damineralizers was astimated
as 17,3900 31..9%3 ez day. R2cens ograting ixpesience nas 3hawn
w3323 7oL =23 avazaging 43,000 z2l.sas pas day. Waste watec fuom
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or Technical Specification limits. If a primary to seccadary
leak shoulé occur, this waste stceam would be g:o;cssed through a

a

filter, the secondary liguid waste evaporatoc, an
demineralizer for discharge or for recycle.

The tanks will be located near the southwest corner of the
te building and will be protacted by a conccete dike built
sank volume in the 2vent of a tank failure. Tank
be piped directly ko the diked area sump. The
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to contain oOne
overflows will

dischargaed fzom the tanks
dovwnstrean of this monitos

P L

signal which will termipate

drain from this sump will be directed to the Dirty Radwaste
Equipment and Flocc Drain system Hign level alarims on tne tanks
will immediately signal valvas to cleos2 on the tank fill lines
and to trigc off the system's transfer pumps which will terminate
flow gcing to the tanks. A radiation monitor imcated inside the
radwaste suilding will continuously monitor waste wates being

T

i
to the discharge line. A valve located
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s e
L0737/ 3%
Baviionmines, Evalua€tion
rats amandsent rezuest is for cevision of Technical .

Specificazizn Tabla 4.11-1 to iaclude two additional 3atch Waste
Release Tinxs. ‘The two 100,000 galinn tanks arce caguired for
storaje and/or <discharse due2 te an increase in tha estimataed
yolumse 0f izcondary ligquid waste; szecifically w2ste {rom
co-densaze dz2mineralizer rojencsations Althougn watar can 3iiso
be routed to these tanks fron liguid vadwaste and 3t23m jernerator
blowdown, =he volume of waste frca tn2se sources is rot a2xpacted
to significantly increase from that civen in tne Iaviconmental
Raport. A greater volum2 of waist2 water will oe dischacrged than
originally estimated; nowever, cecause the activity of the

secondary Liguid waste system is small, the amount of
cradicactivity released to the anvironment will not increase
significantly and will not approach the activities for liquid
effluents given in the Envircamental Report. Therefore, the
cnange dces not constitute an unreviewed environmental question.

In additien, the tarks are located in the southwest corner
of thg radvaste building (cutside). During the original
constructicon of the plant, this area underwant significant impact
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T S /

P UNITED STATES L) Fd, %
P w A NUCLEAR REGULATORY COMMISSION oy
— F 3T _C. 20888 ;

M .gg WASHINGTON O ,U,'..., |
Pl &
. Mgt FER ¢+ 1985

ket No.: STV 50-483
Mp. 0. F. Schnell
Vice President - Nuc'lear
Union Elecsric Company
p. 0. Box 149
st. Louis, M0 63166
Dear Mr. Schnell:
Subject: Callaway Plant, Unit 1| - Amendment No. 2 to License NPF-30
The Commission has issued she anclosea Amendment No. 2 to Operating License
NPE.10 for the Callaway Plant, Unit 1. The amendment consists of a chance
en *nd Technical Specification in response to your applicaticn dated
Netober 3, 1984, as supplementag December 5, 1984 and Oecember 27, 1984,
which recuested the addition of *wo 100,000 callon tanks in order to provide
sufficient storage sime for secondarv efflyent €0 allow sample analysis and £o
show accept2pility af the water grior tc release to the envircnment.
The amencment modifies Table 4.11-1 of the Callaway Technical Specifications
#a include TwC additional Batch <aste Release Tanks.
A copy of the ~alatec Safety Svaluation is anclosed. The notice of issuance
will be ‘ncluced in the Commission’'s next reqular monthly Federal Register
Notice.

Sincerely, .

/n, " C -

A (.4—4"\(/‘, AMNCL

. thungblood ,/Chief

Licénsing 8ranch No. 1

Divisian of Licensing
Enclosures:
1. Amendment No. 2 to NPF-10
7. Safety Evaluation Repore
ce:  Gee next page

RECE/VED

D FE3 B 1523

D. F. SCHNELL

“ Fit R et e
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My 0. 7. iznnel!

Vice Pres-zant - Nuclaar
Unicr flzc:='c Company
Post OfF<ize dox (49

St. Louis, Yissouri 63166

‘ece: Mr. Vicholas A, Petrick

Executive Oirector - SNUPPS
§ Choxe Cherry Road
Rockville, Maryland 20850

seraid Charnoff, Esq.

Thomas A. Saxter, £sq.

Shaw, Pittman, Potts & Trowbridge
180C M Street, N. W.

wasnington, 0. C. 20036

Mr. J. E. Birk

Assistant to the General Counsel
Union Electric Company

Post Office 8ox 149

S¢. Louis, Missouri 63166

vy John Neisler

y. §. Muclear Regulatory Commission

fes‘cent [nspectors Office

L

Seeecman, Missouri 65077

wr. Jonald 4. Capone, Manager

Nuc!ear Engineering

Jnion Electric Company

Sest Office Jox 149

§t. Louis, Missouri 63166

A. Scott Cauger, Esq.

dss'stant General Counse! for the
Missouri Public Service Comm.

Post Office Box 160

Jefferson City, Missouri 65101

v, Mariorie Reilly

Energy Chairman of the League of
women Yoters of Univ, City, MO

7065 Pershing Avenue

University City, Missouri 63130

we. Donald 80ilinger, Member
vissourians for Sa‘e Energy
(267 Delmar Boulevard

University City, Missouri 63130

L

Mayor Howard Steffen
Chamois, Missouri 65024

Professor William H. Miller

Missouri Kansas Section, American
Nuclear Society

Department of Nuclear Engineering

1026 Engineering Building

University of Missourt

Columbia, Missouri 65211

Mr. Robert G. Wright

Assoc. Judge, Eastern District

County Court, Callaway County,
Missouri

Route #1

Fulton, Missouri 65251

Lewis C. Green, £sa.

Green, Hennings 4 Henry

Attorney for Joint [ntervencrs

314 N. Broadway, Suite 1830

St. Louis, Missouri 63102

Mr. Ear! Brown

School District Superintendent

Post Office Box 9

Kingdom City, Missouri 635262

Mr. Yarold Lottman

Presiding Judge, Dasconade County

Route 1

Owensville, Missouri 65066

Mr. John G. Reed

Route #1

Kingdom City, Missouri 65262

Mr. Nan [, Bolef, President

Kav Orey, Representative

Board of Directors Coa'ition
for the Environment

St. Louis Region

6257 Nelmar Boulevard

Uriversity City, Missouri 63130

cunter e oAb g il g8 R Whaist - -
4 L e =
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Reqtamal Administrator

U. 5. NRC, Region [II

"32 oosevelt Road

Gian Ellyn, [1linois 60137

Mr. Ronald A. Xucera, Deputvy Director
Decartment of Natural Resources

P. 0. Box 176

Jefferson City, Missouri 65102

Mr. Glenn L. Koester

Yice President - Nuclear

Kansas Gas and Electric Company
201 North Market Street

Post Office Box 208

wichita, Kansas 67201

Eric A, Eisen, Zsqg.

8irch, Horton, Bittner and Mocore
Suite 1100

1140 Connecticut Avenue, N. W.
washington, 0. C. 10036




Attachment 4
UNITED STATES

NUCLEAR REGLLATCRY COMMISSION
NASHINGTON O, C. 20953

UNION ELECTRIC COMPANY

DOCKET NO. 50-483

CALLAWAY PLANT, UNIT 1

AMENDMENT TQ FACILITY OPERATING LICENSE

Amendment No. 2
License No. NPF-30

The Vuclear Regulatory Commission /the Commission) has found that:

A. The application for amendment by Union Electric Company (the Ticensee),
dated October 3, 1984, as supplemented Oecember 6, 1984 and
December 27, 1984, complies with the standards and requirements of
the Atomic Energy Act of 1954, as amended (the Act), and the Commission’s
miles and regulations set forch in 10 CFR Chapter [;

The facility will operate in conformity with the application, the
srovisions of the Ac®, and the rules and requiations of the Commission;

T™here is reasonable assurance (i) that the activities authorized
3y this amendment can be conducted without endangering the health
and safety of the public; and (i) that such activities will be
conducted in compliance with the Commission’'s regulatiors;

The issuance of this amendment will not be inimical to the common
sefense and security or %o the health and safety of the public; ang

The issuance of this amendment is in accordance with 10 CF® Par® 51
of the Commission's requlations and all applicable requirements
have been satisfied.

Accordingly, the license is amended by a change to the Technical Specifi-
cations as indicated in the attachment to this license amendment and
Paragraph 2.C.(2) of Operating License No. NPF-30 is hereby amended

to read as follows:

(2) Technical Speci’ cations and Environmental Protection Plan

The Technica! Specificatinns contained in Appendix A, as revised
through Amendment No. 2, and the Envirnnmental Profectian Plan
contained in Appendix R, bath of which are at*ached herato, are
hersbv incorporated intn this license, UE shall operate the facility
in accordarce with the Technical Specifications and the Environmental
Protection Plan.
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e

This 'icense amendment 1$ affactive as of the date of its issuance.

oungblgdod, Chief
ng 8rdanch No. 1
Oivigion of Licensing

FOR NUCLEAR REGULATORY COMMISSTON
7
f jlff‘os
- \
B. J.
Licengi

Attachment:
Change tc the Technical

Specifications

Date of [ssuance: February 4, 1985
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TTACHMEN™ ™0 LICENSE AMEMOMLNT MO,

LeaiVou - s

QPERATING LICENSE NO. NPF-2O

DOCKET NO. STN 50-483

Revise Acpendix A, as follaws:

REMCYE [NSERT
3/8 11-2 J/4 11-2
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4

TABLE 4 11-1
RADIQACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

LOWER LIMIT

MINIMUM QF DETECTI»‘H \
| LIQUID RELIASE | SAMPLING ANALYSIS | TYPE OF ACTIVITY (LLD)®
TYPE FREQUENCY FREQUENCY ANALYSIS (yCi/m1)
1. Batzch w#aste P - -7
Relaase Each 8atch Each Batch |[Principal Gamma Sx10
Tmu(Z) Em'turs(”
1-131 1x10°°
a. wWaste
Monitor =)
Tank P M Qissolved and 1x10
Une 3atch/M Entrained Gases
(Gamma Emitters)
b. Seccndary
Liquid -5 |
waste p ™ (4) H=3 1x10
Meaitor Each Batch Composite ogeens
Tank Gross Alpha 1x10
B
c. Oischarge P Q (4) Sr-89, Sr-90 5x10°° i
Monitar + Each Batch | Composite” - ;
Tank Fe=55 1x10 |
. Ccn:inuat;ls W Principal Gamma leOJ ;
Rciuns“s) Daily(s) Ccaposiu“) Em'turs(z)
Grab Sample
I-131 x107° ;
Steam |
Generater .5 |
871awdown L] M Oissolved and 1x10 |
Grab Sample Entrained Gases |
(Gamma Emitters) |
“ H-1 1x10"°
Daﬂy(s) Comosiu(‘) -
Grab Sample Gross Alpha 1x10
- Q4| 5789, Sr-30 5x10°>
Daily Cempasite r
Grab Sanple Fe-55 1x10 '
i |
CALLAWAY = UNIT 1 3/4 11-2
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UNION ZLECTRIC COMPANY
1901 Gratiot Street. St. Louis

Donald F Schnell August 29, 1985
Vice President

PRICRITY ROUTING

x Al
> ¢ n4[
I3

Mr. James G. Keppler

Regional Administrator

Office of Inspection & Enforcement
U. S. Nuclear Regulatory Commission
Region III

799 Roosevelt Road

Glen Ellyn, IL 60137

ULNRC~-1163
Dear Mr. Keppler:

DOCKET NUMBER 50-483
CALLAWAY PLANT UNIT 1
FACILITY OPERATING LICENSE NPF-30
SEMI-ANNUAL RADIOACTIVE EFFLUENT REPORT

The enclosed Semi-Annual Effluent Report for the
first half of 1985 is submitted pursuant to section 6.9.1.7
of the Callaway Unit 1 Technical Specifications.

Very truly yours,

Donald F. Schnell

SEP 91985

Mailing Address: PO. Box 149, St. Louis, MO 63164



ce distribution for ULNRC-1163

with enclosures

Director, Resource Management
U. S. Nuclear Regulatory Commission
Washington, DC 20555

Director

Office of Inspection & Enforcement
U. S. Nuclear Regulatory Commission
Washington, DC 20555

Mr. Bill Kesler

Regional Administrator
Jefferson City Regicnal Office
Department of Natural Resources
P. O. Box 1368

Jefferson City, MO 65102

NRC Resident Inspector

Document Control Desk

U.S. Nuclear Regulatory Commission
Washington, DC 20555 (18 enclosures)
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