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1.0

INTRODUCT ION

Thie Semiannual Radioactive Effluent Release Report is for Union
Electric Company's Callaway Plant and is submitted in accordance
with the requirements of Technical Specification 6.9.1.7. The
report covers the period from July 1, 1987 through December 31,
1987.

This report includes a summary of the quantities of radioactive
1iquid and gaseous effluents and solid waste released from the
plant, The information is presented in accordance with the format
outlined in Appendix B of Regulatory Guide 1.21, Revision 1, June
1974,

All liquid and gaseous effluents discharged during this reporting
period were ir compliance with the limits of the Callaway Plant
Technical Specifications.



SUPPLEMENTAL INFORMATION

Regulatory Limits

Specified as follows are the technical specification limits
applicable to the release of radioactive 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 urit. 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,

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,

Radioiodine, Tritium, and Particulates

The dose rate due to lodine 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 Iodine 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,

During any calendar year: Less than or equal to 15 mrem to any
organ.
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Liquid Effluents

The concentration of radioactive material released in 1liquid
effluents to unrestricted 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:

a, During any calendar quarter to less than or equal to 1.5 mrem
to the total 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
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 radicactivity and to radiation from
uranium fuel cvcle 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 Concentrations

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 radioactive effluents at
the unrestricted area boundary. A value of 2,0F-4 microcuries/ml is
used as the MPC for dissolved and entrained noble gases in liquid
effluents.

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 Ene:gi

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

Measurements and Approximations of Total Radicactivity

The quantification of radiocactivity in liquid and gaseous effluents
was accomplished by performing the sampling and radiological
analysis of effluents in accordance with the requirements of Table
4,11-.1 and Table 4,11-2 of the Callaway Plant Technical
Specifications (See NUREG-1058, "Technical Specifications, Callaway
Plant, Unit No. 1" (October, 1984)),



Gamma spectroscopy was the primary analysis technique used to
determine the radionuclide composition and conceatration of liquid
and gaseous effluents. Composite samples were analyzed for Sr-89,
Sr-90, and Fe-55 by an independent laboratory. Tritium and alpha
were measured for both liquid and gaseous effluents using liquid
scintillation counting and gas flow proportional counting
techniques, respectively.

The total radiocactivity in effluent releases was determined from the
measured concentrations of each radionuclide present and the tntal
volume of effluents discharged. Gross beta or gamma radiocactivity
measurement techniques were not utilized to approximate the total
radiocactivity in effluents.

2:3 Batch Releases

2:.3.1 Liquid
Number of batch releases: 124
Total time period for batch releases: 3.774E4 minutes
Maximum time period for a batch release: 1151 minutes
Average time period for batch releases: 304 minutes
Minimum time period for a batch release: 15 minutes
Average stream flow during periods of release of effluent into a
flowing stream: 76,957 cfs*

*Letter, L. A. Waite (US Gevlogical Survey) to C, C. Graham (Union
Electric Co.) dated 1-4-88,

4% Gaseous
Total for the Non=Outage
Reporting Period Related
Number of batch releases 65 55
Total time period for batch releases €7,220 minutes 11,104 minutes
Maximum time period for a batch release 24,836 minutes 791 minutes
Average time period of batch releases 1,034 minutes 202 minutes
Minimum time period for a batch release 9 minutes 60 minutes
2.6 Abnormal Releases

2.6.1 Liquid

Number of releases: 0

Total Activity released: O




2.6'2

3.0

3.1

4.0

4.1

5.0

5.1

6.0

6.1

Gaseous
Number of releases: 1
Total Activity released: 1,54 E-4 Ci

SUMMARY OF GASEOUS RADIOACTIVE EFFLUENTS

The quantities of radiocactive material released in gaseous effluents
are summarized in Table 1A and 1B, Note that for this reporting
period no gaseous effluents were considered as elevated releases.

SUMMARY OF LIQUID RADIOACTIVE EFFLUENTS

The gquantities of radioactive material released in liquid effluents
are summarized in Table 2A and 2B.

SOLID WASTE

The quantities of radioactive material released in shipments of
solid waste and irradiated fuel transported from the site during the
reporting period are summarized in Table 3. The activity and
fractional abundance of each nuclide was determined for each waste
type by an independent laboratory based upon radiochemical analysis
of samples of that waste type. The curie amount of each nuclide
listed in Table 3 was determined as the product of the fractional
abundance and the total curies shipped. Those nuclides which
comprise at least 17 of the total activity for a particular waste
type are presented in Table 3. Additionally, as noted in the "Solid
Waste Disposition" section of Table 3, nine total shipments were
released with eventual disposal at the Beatty, NV disposal facility.
Two of these shipments are listed separately due to their being
consigned initially tn a waste processor for supercompaction prior
to disposal. A third shipment was also released to the waste
processor during the reporting period. None of the waste from this
third shipment was disposed of in a burial facility during this
period. This volume will be accounted for during the next reporting
period.

RELATED INFORMATION

Unplanned Releases

Unplanned releases are inadvertant or unanticipated releases of
radioactive material, or releases of radiocactive material via normal
pathways without a release permit or proper authorization, or
without proper sampling and analysis, or releases which are
conducted in such a manner as to result in significant deviation
‘rom the requirements of the release permit,

There was one unplanned release during the reporting period.




On 9-22-87, I-131 activity was ideatified in an Auxiliary Boiler
sample at a concentration of 3,8E-7 uCi/ml, Administrative controls
had previously been placed on this system to ensure that boiler
blowdown and drains would be routed to 1liquid radwaste if
contaminated., These controls were verified and operation of the
Auxiliary Boiler was continued.

On 10-14-87 it was discovered that the Auxiliary Boiler was being
continuously vented to atmosphere to prevent tripping the boiler on
low load, The boiler had been operated in this mode for
approximately 23 days. Operation of the boiler was immediately
secured and samples were taken for analysis. The concentration of
1-131 was found to be 3.6E-7 uCi/ml, The boiler was drained to
liquid radwaste, filled, and resampled to ensure that no activity
was present,

On 10-17-87 the Auxiliary Boiler was started up and at 0937 activity
was again detected at a concentration of 1E=7 uCi/ml I-131, Boiler
operation was continued but without venting steam to atmosphere.
The activity was determined to be coming from the Secondary Liquid
Waste Evaporator Vent Gas Cooler drains and the steam trap,
Secondary Liquid Waste Evaporator density cell wash. Recycle of
Radwaste Building steam loads to the Auv Boiler was secured and
redirected to Radwaste systems for processing/discharge.

Identified corrective actions are: 1) Until the source of the
contamination can be corrected, the Auxiliary Boiler will be sampled
daily when operating; 2) [f activity is present in the Auxiliary
Boiler, it will be operated without blowdown or venting of steam; 3)
The possibility of a leak in the Secondary Liquid Waste Evaporator
has been investigated and a design change has been initiated to
redirect the two identified sources of contamination to contaminated
radwaste drains, and, when repaired, will return to normal sytem
lineup of the Auxiliary Steam System.

The dose at the SITE BOUNDARY was calculated to be 9.6E-~5 mrem from
the release of approximately 1.54E-4 Ci of 1-131., The calculated
dose represents a small fraction (1E-3Z) of the quarterly limit of
Technical Specification 3,11.2.2. This event did not adversely
affect or endanger the health or safety of the public.

This event is documented by Incident Report 87-223, and a Safety
Evaluation has been performed in accordance with 10CFR50.59.

Changes to the Process Control Program

Revision 8 to the Callaway Process Control Program (PCP) was issued
October 14, 1987, This revision .incorporated revised boundary
conditions/ratios used in the development of batch solidification
formulations, revised acceptance criteria for determining structural
stability, and addition of full scale (55 gallon) test
solidification., Minor text revisions were required due to these
changes, Attachment 1 includes documentation of the fact that the
change has been reviewed and found acceptable by the On-Site Review
Committee (ORC).
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6.4

Changes to the Offsite Dose Calculation Manual

Revision 4 to the Callaway Plant's Offsite Dose Calculation Manual
(ODCM) was 1issued February 23, 1987, but was inadvertently not
described in the previous Semiannual Radioactive Effluent Release
Report, and is therefore being reported herein., A completa copy of
the ODCM (Rev. 4) is included with this report as Attachment 1,
There were no changes to the ODCM during the period July 1 -
December 31, 1987.

There were several minor clarifications which were incorporated into
Rev, 4; however, these did not change the methodology, parameters,
or intent, and are not further enumerated.

Pages 7 & 13: The definition of C_ and C_ were revised to delete
the reference to a "monthly composife sample'", Although the minimum
sampling frequency is defined by Technical Specification 3.11.1.1 as
monthly, more frequent sampling may be performed.

Page 23: Added methodology for performing the 3l-day dose
projection required by Technical Specification 3,11,1.3. This was
not previously described in the ODCM,

Page 24: Rev. 3 erroneously stated that radiation monitor setpoints
were based on the "instantaneous concentration limits of 10CFR20,
Appendix B, Table II, Column 1". This has been revised to properly
state that the setpoints are based on the instantaneous dose limits
of Technical Specification 3,11.2.1. It should be noted that there
were no changes to the methodology or equations.

Page 65: Added methodology for performing the 3l-day dose
projection required by Technical Specification 3.11.2.4, This was
not previously described in the ODCM,

Pages 67,68,71,& 72: Revised the following to reflect current
information regarding the use of areas within the SITE BOUNDARY: (1)
The description of the MEMBER OF THE PUBLIC; (2) The description of
the wutilization of areas within the SITE BOUNDARY; (3) The
description of the dose pathways for the MEMBER OF THE PUBLIC; (4)
Location for assessment of direct radiation dose from outdoor
storage tanks and from the operation of the unit,

Major Changes to Radwaste Treatment Systems

There were no major changes to Radwaste Treatment Systems during the
reporting period.



6.5

6.6

7.0

8.0
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8.2

Land Use Census Changes

There were no changes in critical receptor locations for dose
calculations during the reporting period.

Inoperat {1ity of Effluent Monitoring Instrumentation

A'l effluent monitoring instrumentation was OPERABLE within the
i1imity specified by Specifications 3,3.3.9 and 3.3.3.10 during the
reporting period.

METEOROLCGICAL DATA

M.ceoroleygical data for the year 1is presented in Table 4 as
Cumulative Joint Frequency Distributions for both 10 and 60 meter
elevations

ASSESSMENT OF DOSES

The asssessment of doses to the maximum exposed individual from
vasec*” and Liquia effluents was performed for locations
reprenzating the maximum dose. In all cases, doses were well below
Technic'l 3jpecification limits.

vose at tke SITE BOUNDAR. and Nearest Residence From Gaseous
E;?luengg

A> assessment of doses from gaseous effluents was performed in
serordance witi the Callaway Plant ODCM for the maximum exposed
ir§ 'vidnal at .he SITE BOUNDARY and Nearest Residence location with
the »>{.hest ground level concentration of radioactive material,
b.sed vuin actur]l meteorological conditions existing during the
*war, DNosez were assessed at each location considering the noble
pax exposurs, inhalation, ground plane, and ingestion pathways. The
ingestion jatws e considered were the produce, vegetable, goat's
m’l%, cow' 8 m'lk, and meat pathways. This assessment was performed
for eact ige yroup, vith t.e Child age group receiving the highest
dose,

fhe resu’ts of the aszessment for the Child age group are presented
in Tatrle 5. Tt musy 2¢ noted that the calculations for the SITE
£ 4BY location conservatively assume a hypothetical maximum
esprsed iny (vidual, vhile the calculations for Nearest Residence are
for a4 re.l {irdividual, 1. 4s conservatively assumed that each
ingestion pathway exists at the «~i*= boundary and the Nearest
Regjdence lucat®as..

Do.« to the MEMBER OF THe PUPLTU from Activities Within the SITE
BOUNGARY

The &§:.:sment 0i (3e to the «EMiER ~F THE ..BLIC from activities
within the SI.E BOUNDARY wa: performed in sccorcanrce with Chapter &
of the Cullawar Plant ODCM, The drse to th. MEMbuR ~F THE PURLIC
from ¥.tiv’ ‘ies within che S{7E  UND’~Y {is presented in Table £.



8.3

8.4

Total Dose Due to the Uranium Fuel Cycle

Since there are no other uranium fuel cycle facilities within 8 km
of the Callaway Plant, the total dose to the most likely exposed
MEMBER OF THE PUBLIC results from direct radiation and radioactive
effluents from the Callaway Plant., The methodology for assessing
this dose is described in Chapter 4 of the Callaway Plant ODCM,

The Total Dose from the Uranium Fuel Cycle was evaluated for tie
MEMBER OF THE PUBLIC who may uee portions of the area within the
SITE BOUNDARY for purposes not associated with plant operations, and
for the Nearest Resident, who is assumed to receive an insignificant
dose from activities within the SITE BOUNDARY.

The Total Dose to the MEMBER OF THE PUBLIC is from the dose due to
activities within the SITE BOUNDARY (Table 6) and the dose due to
gaseous effluents at his residence. The food ingestion pathways ac
not exist at the residence location,

The Total Dose at the Nearest Residence is due to the dose from
gaseous effluents, assuming that each food ingestion pathway exists
at this location (Table 5).

In each case, the whole body gamma dose from Noble Gases and ground
plane exposure is added to the organ dose from the inhalation and
ingestion pathways.

The Total Dose from the Uranium Fuel Cycle is presented in Table 7.

Dose Due to Liquid Effluents

The total dose to the maximum exposed Individual from 1liquid
effluents released from the Callaway Plant during the year is
presented in Table (.



TABLE 1A

SEMIANNUAL SUMMATION OF GASEOUS RELEASES
ALL AIRBORNE EFFLUENTS
QUARTERS 3 AND 4, 1987

UNIT QUARTER 3 QUARTER 4  EST TOTAL
TYPE OF EFFLUENT ERROR %

A. FISSION AND ACTIVATION GASES

l. TOTAL RELEASE T CURIES  9.382  1.1462 20
2.  AVERAGE RELEASE RATE FOR PERIOD  UCL/SEC  1.1882  L.43g1 :
3. PERCENT OF TECH-;PEC LIMIT --------------;-------;T;;;:;---—----;-;ZE-; ..............
B, RADIOIODINES

1. tomaL opmNe-1:1 CURTES  5.50E-5  6.368-5 23
2. AVERAGE RELFASE RATE FOR PERIOD  UCI/SEC  6.926-3 8.008-6
3. PERCENT OF TECH SPEC LIMIT % 6.59E-3  7.628-6 e

C. PARTICULATES

R ———————————————— PSP e e g

) 8 PARTICULATES (HALF-LIVES > 8 DAYS) CURIES 1.54E~5 1,41E-6 30
2.  AVERAGE RELEASE RATE FOR PERIOD GCI/SEC | 1.04E-6 10787
3. PERCENT OF TECH SPEC LMIT % 1.268-7  1.1s8-8
4.  GROSS ALPHA RADIOACTIVITY CURTES  2.456-6  1.278-6
| D. TRITIUM
1 tom mmest CURIES  6.0480 6.9980 14
3. AVERAGE RELEASE RATE FOR PERIOD UCL/SEC  7.60E-1 B9kl
3. PERCENT OF TECH SPEC LIMIT : S.008-5  5.79-s

PAGE 1 of 1



TABLE 1R

SEMIANNUAL AIRBORNE CONTINUOUS AND BATCH RELEASES
GROUND LEVEL RELEASES
FISSION GASES, IODINES, AND PARTICULATES
QUAKTERS 3 AND 4, 1987

CONTINUOUS RELEASES BATCH RELEASES

NUCLIDE UNIT QUARTER 3 QUARTER 4 QUARTER 3 OUARTER 4
1. FISSION GASES

Kr~85M CURIES 3.49E0 6.86E-2 1.41E-2 4,97E-5

Kr-85 CURIES 0 0 4.59E0 1.75E1

Kr-87 CURIES 4,76E-2 0 0 0

Kr-88 CURIES 3.65E0 0 0 0

Xe-131M CURIES 0 0 4.66E0 1.38E1

Xe~133M CURIES 3.11E0 0 2.38E0 3,43E-3

Xe-133 CURLES 4.12E2 3.00E1 4,56E2 4.89E1

Xe-135M CURIES 3.70E-2 0 0 0

Xe~-135 CURIES 4.35E1 3.32E0 1.54E~1 1.73E-2

Xe-138 CURIES 0 0 0 0

Ar-41 CURIES 0 0 6.48E~1 5.80E-2

TOTAL FOR PERIOD CURIES 4.66E2 3.34E1 4.68E2 8.03E1
2, IODINES

1-131 CURIES 1.96E-6 1.14E-5 5.30E~5 5.,22E=-5

1-133 CURIES 0 0 0 8.58E-10

I-135 CURIES 0 0 3.88E~-7 0

TOTAL FOR PERIOD CURIES 1.96E-6 1.14E-5 5.34E-5 5.22E-5
3. PARTICULATES

H-3 CURIES 4,52E0 5.06E0 1.52E0 1.93E0

Co=-58 CURIES 9.45E~6 1.44FE-7 0 9.93E-10

Co=-60 CURIES 8.47E~7 0 0 0

Rb-88 CURIES 7.94E-6 0 4,64E-4 1.96E-6

Sr-89 CURIES 0 0 0 0

Cs~-134 CURIES 1.24E-6 0 0 0

Cs=137 CURIES 1.41E-6 0 0 0

Cs-138 CURIES 0 0 1.00E-4 0

Sr-90 CURIES 0 0 0 0

G ALPHA CURIES 6.19E-7 1.03E-6 1.83E-6 2.39E-7

TOTAL FOR PERIOD CURIES 4.52E0 5.06E0 1.52E0 1.93EC

PAGE 1 OF 1




TABLE 2A

SEMIANNUAL SUMMATION OF LIQUID RELEASES
ALL LIQUID EFFLUENTS
QUARTERS 3 AND 4, 1987

UNIT QUARTER 3 QUARTER 4 EST TOTAL
TYPE OF EFFLUENT ERROR 2

A, FISSION AND ACTIVATION PRODUCTS

1. TOTAL RELEASE (NOT INCLUDING B 5 L e
TRITIUM, GASES, ALPHA) CURIES 9.75E-2 3.61E-1 20

2.  AVERAGE DILUTED CONCENTRATION
DURING PERIOD UCI/ML 1,.50E=-7 9.37E=-7

3. PERCENT OF APPLICABLE LIMIT g TR T AR SR

B. TRITIUM

\. TOTAL RELEASE CURIES  l.1282 3,661 14

2. AVERAGE DILUTED CONCENTRATION s il
DURING PERIOD UCI/ML 1.73E=-4 9.66E~5

3. PERCENT OF APPLICABLE LT % s.o6 a2

C. DISSOLVED AND ENTRAINED GASES

1. ToTAL RELEASE CURIES  2.66E0  l.az8-2 21

2. AVERAGE DILUTED CONCENTRATION
DURING PERIOD UCI/ML 4,10E-6 2,96E-8

3. PERCENT OF APPLICABLE LOMIT % 2.05 1.4%-2

D. GROSS ALPHA RADIOACTIVITY

I, TOTAL RELEASE CURIES | 5.64E-4  6.94E-4 29

E: WASTE VOL RELEASED (PRE-DILUTION) GAl 6.15E6 4.99E6 10

F. VOLUME OF DILUTION WATER USED AL 1.65e8 95187 10

- - . . - -

PAGE 1 OF 1



TABLE 2B

SEMIANNUAL LIQUID CONTINUOUS AND BATCH RFLEASES
TOTALS FOR EACH NUCLIDE RELEASED
QUARTER 3 AND 4, 1987

CONTINUOUS RELEASES BATCH RELEASES
NUCLIDE UNIT QUARTER 3 QUARTER 4  QUARTER 3  QUARTER &
ALL NUCLIDES
-3 CURIES 0 0 1.12E2 3.66E1
Cr-51 CURIES 0 0 1.61E-3 4,81E=2
Mn-54 CURIES 0 0 2.79E-3 1.10E-2
Fe-55 CURIES 0 0 6.03E-4 9.96F-3
Fe-59 CURIES 0 0 1.80E-4 3.83E-3
Co-57 CURIES O 0 0 6.11E-4
Co-58 CURIES 0 0 6.55E=2 1.63E-1
Co=-60 CURIES 0 0 7.32E-3 4,86E=2
Rb-88 CURIES 0 0 3,22E-4 0
Sr-89 CURIES © 0 0 1.77E-3
Zr-95 CURIES 0 0 4.04E-4 7.44E=3
Nb-95 CURIES 0 0 7.18E-4 1.31E-2
Mo-99 CURIES 0 0 9.47E~4 0
Tc-99M CURIES 0 0 1.09F-3 0
Ru-103 CURIES 0 0 0 6.38E-4
Ag-110M CURIES 0 0 1.54E=4 0
Sb-124 CURTES 0 0 0 7.76E=5
Sb-125 CURIES 0 0 0 1.82E-3
Sn-113 CURIES 0 0 0 7.20E-4
1-131 CURIES 0O 0 8.78E-3 1.53E-3
1-133 CURIES 0 0 6.23E-5 0
Cs~-134 CURIES 0 0 1.75E-3 1.98E-2
Cs-136 CURIES 0 0 1.12E-4 0
Ce-137 CURIES 0 0 1,79E-3 2.57E-2
Ce-138 CURIES O 0 4.53E-4 0
Ba-140 CURIES 0 0 1.70E-3 5,28E-5
La-140 CURIES 0 0 1.12E-4 8.37E-6
Ce-144 CURIES © 0 2.90F-4 3,69E-3
Kr-85 CURIES 0 0 1,25E-3 0
Kr-85M CURIES 0 0 2.91E-4 0
Xe-131M CURIES 0 0 2, 40F=2 4,64E=4
Xe-133 CURIES O 0 2,560 1.06E=2
Xe-133M CURIES O 0 3.80E-2 0
Xe-135 CURIES 0 0 3.96E-2 2.07E=-4
Sr-90 CURIES 0 0 0 1.28E-3
G ALPHA CURIES 0 0 5,64E-4 6.94E~4
TOTAL FOR PERIOD CURIES 0 0 1.15E2 3.69E1

R ——————————————— S e

PAGE 1 OF 1



TABLE 3 |

SOLID WASTE & IRRADIATED FUEL SHIPMENTS
QUARTERS 3 & 4, 1987

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

Page | of 2

TYPE OF WASTE 6~MONTH EST. TOTAL
PERIOD ERROR (7T)
a. Spent resins, filter sludges 65.1 m® +/= 25%
evaporator bottoms, etc. 2.74E401C14
Co-58 232 6.21E+00 Ci
Cs~137 162 4,27E+00 Ci
Fe-55 15% 4,14E400 Ci
Cs=-134 11% 3.07E4+00 Ci
Co=60 102 2.73E4+00 Ci
Ni-63 87 2,15E+00 C1i
8§b=-125 77 1.97E400 Ci
H=-3 5% 1.47E+4C0 Ci
Mn=-54 27 6.,20E-01 Ci
Sb-124 22 4,73E-01 Ci
b. Dry compressible waste, 113.1 n® +/=- 252
contaminated equipment., etc. 7.46E0 Ci
Cr-51 30% 2.26E+00 Ci
Co=58 197 1.43E400 Ci
Nb=-95 1272 8.83E-01 Ci
Fe-55 127 8.60E-01 Ci
C=14 87 5.94E-01 Ci
Zr-95 6% 4,40E-01 C4
Co=60 47 3.30E-01 Ci
Ni-63 % 2.40E-01 Ci
Mn=-54 3z 2.15E-01 Ci
Ce~144 17 1.06E-01 Ci
e, Irradiated components, control 0 m?
rods, etc. 0 Ci
d. Other 0 m?
| 0 ci
| Solid Waste Disposition
l Number of Mode of Class of Solid Tvpe of
! Shipments Transportation Destination Waste Shipped Container
’ 7 truck Richland, WA A LSA
7 truck Beatty, NV A LSA
L 2 truck Beatty, NV (via SEG) A LSA
|
l




TABLE 3 (cont.)

Solidification Agent

n_n

Cement (applicable to waste type "a" only)

B. IRRADIATED FUEL SHIPMENTS (DISPOSITION)

Number of Shipments Mode of Transportation

0 N/A

Destination

N/A



REFORT CATEGORY

*
PERIOD OF RECORD :
REFORT START TIME :
REFORT END TIME :
STABILITY CLASS :
ELEVATION !

WIND SPEED(MPH)

METEROLOGICAL DATA.

HIC

EACH WIND SFEED AND OIRECTION

QUARTER #
0:i00 HRS =

A
10 METERS

12

12100AM JANUARY 1»
4343159 HRS = 11:!59PM JUNE 30,

10 METER LEVEL

- e e A e S O W e S e e e e S e S e M e e WS R S S W S e e e S e e e e .

FAGE L1 OF 7

QUARTERLY TOTALS OF HOURS AT

1987
1987

Sy N D S AL S ——————————————————— e e R R R R R

- e e G e S e W e e S S e R S e e e e e e e e e e S S e e e -

RN R S SR — S ————————————————————— e

RN S —————— b e e
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- e e G e s b e e e e e B G A e e e e e e R S

-

- SN A e e e e e A S e e M S e G S e A W e G - - - -

0.00E-01

- e e e e e S A e U e e -

e S e e -

e . S e s e s . e G S e e o e - -

N B S S RS S SRS NN SR ———————— SRR e e ettt L

S S o S A e e s e T S e e e e

FERIODS OF CALM(HOURS)! 0.000E-01
HOURS OF INVALID DATA ¢ 0.000E-01

AFPROVED BY! & &G MWA—

TITLE:

SUAN TS

oaTE: 20|88




TABLE 4

HIC FAGE 2 OF 7

REFORT CATEGORY

METEROLOGICAL DATA., QUARTERLY TOTALS OF HOURS AT
EACH WIND SFEED AND DIRECTION
QUARTER #% 12
0100 HRS = 12100AM JANUARY 1,
6343159 HRS = 11159FM JUNE 30»
B

10 METERS

!

!

PERIOD OF RECORD :

REFORT START TIME ' 1987

REFORT END TIME : 1787
STABILITY CLASS :

~ ELEVATION H

SPEED(MPH) AT 10 METER LEVEL

. e A e e G S R e e e R e e e R W S e e e e S S R e e -

- et R e e s e S e e e R S e e e A e e D e R e LT R TR W e e e e e e G e e e
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0.00€E-01 ¢ 4.00E 7.00E 00 ! 0,00E-01 ¢! 0.00E~-0O1 0.,00E-01 ¢ 1.,10E 01
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TITLE: Buey »eTs
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: TABLE 4
;" MIC PAGE 3 OF 7
. REPORT CATEGORY ! METEROLOGICAL DATA. QUARTERLY TOTALS OF HOURS AT
! EACH WIND SFEED AND OIRECTION
~ PERIO0D OF RECORD ! QUARTER & 12
REPORT START TIME ! 0100 HRS = 12:00AM JANUARY 1, 1987
REFORT END TIME ! 4343159 HRS = 11:159FN JUNE 30, 1987
STABILITY CLASS ' C
ELEVATION { 10 METERS
]
WIND SPEED(MPH) AT 10 WETER LEVEL
§ . 1-3 1 4-7 T 8-12 % 13-18 1  19-24 &  >24 ! TOTAL ¢
M 1 0.00E~01 1 0.00E-01 § 0+00E-01 ! 2.00E 00 & 0+00E-01 ! 0.00E-21 ! 2.00F 003
NNE! 0.00E-01 : 4.00E 00 ! 3.00E 00 : 0.00E-01 ¢ 0.00E-01 ! 0.00E-01 ! 9.00€ 00}
NE i 0.00E-01 ! 4.00E 00 i 3.00E 00 ! 0.00E-01 ! 0.00E-01 i 0.00E-01 : 7.00E 003

ESE: 1.,00E 00 ¢ 1,00E 00 ¢ 2.00E 00 ¢! 0,00E-01 ! 0.00E-01 ! 0.00E-01 ! 4,00E 003

- ———— - - — e S S - -
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-
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‘ ———————————————————————————————————————————————————————————————————————————————
|
‘i --------------------------------------------------------------------------------
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FERIODS OF CALM(HOURS)? 0.,000E-01
MOURS OF INVALID DATA t 1.000E 00

l APPROVED BY! CLO MaAe— TITLE ! SuPN wPTS oate: 2|l 08




TABLE 4

MIC FAGE 4 OF 7

REFORT CATECORY HETEROLOGICAL DATA. QUARTERLY TOTALS OF HOURS AT

.-

EACH WIND SFEED AND DIRECTION

FERIOD OF RECCRD ! QUARTER & 12

REFORT START TIME t 0100 HRS = 1Z2:!00AM JANUARY 1y 1987

REFPORT END TIME ! 4343:5%9 HRS = 11:15S9FPM JUNE 30, 1987

STABILITY CLASS ¢+ D

ELEVATION ! 10 METERS
. WIND SFFED(MFH) AT 10 METER LEVEL

i 1-3 : 4-7 : 8-12 ' 13-18 ¢ 19-24 ¢ »29 ! TOTAL :

f N ! 2.00E 00 % 4.00E 00 ¢ 2.,00E O1 ! 4.00E 00 ! O0.Q00E-01 ! 0.00E-01 ¢ 3,20E O1:
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APPROVED BY! .20 Nt A TITLE: GuéN Hers oaTE: 2files




REPORT CATEGORY

TABLE 4

HMIC FAGE S5 OF 7

METEROLOGICAL DATA., QUARTERLY TOTALS OF HOURS AT
EACH WIND SFEED AND OIRECTION

QUARTER ¢ 12

0100 HRS = 12100AM JANUARY 1y 1987

4343:59%9 HRS = 11159FM JUNE 30+ 1987

PERIOD OF RECORD
REFPORT START TIME
REPORT END TIME

B e e A ey e

STABILITY CLASS E
- ELEVATION 10 METERS
WIND SPEED(MPH) AT 10 HETER LEVEL
! 1-3 $ 4-7 : 8-12 13-13 $ 19-24 ¢ 24 { TOTAL {

N ¢ S,00E 00 I 2.00E 01 v 1.50E 01 : 1,Q0E Q0 § 0.00E~-01 ! 0.00E~ 01 t 4.10E 01

- —— - -~ — - - ., - S . - — - -

e e . W e A e e e e e e e e e ——— - ——— -

————————————————————————————————————————————————————————————————————————————————
--------------------------------------------------------------------------------
————————————————————————————————————————————————————————————————————————————————
--------------------------------------------------------------------------------
————————————————————————————————————————————————————————————————————————————————
——————————————————————————————————————————————————————————————————————————————————
----------------------------------------------------------------------------------
...................................................................................
——————————————————————————————————————————————————————————————————————————————————
...................................................................................
...................................................................................
___________________________________________________________________________________

TOT: 1.83E 02 ¢ 7.42E 02 ! 4.8B9E 02 ¢ B.90E 01 ! 4.,00E 00 ! 1,00E 00 { 1.53E 03¢

e S G R R W PR S N S p————————————— b R e e

FERIODS OF CALM(HOURS)! 9.000E 00
HOURE OF INVALID DATA ! 2.,000E 00

APFROVED BY! &GO A4l TITLE! SuPV wEeTs paTE: 2l 88




MIC FAGE & OF 7
REPORT CATEGORY ! METEROLOGICAL DATA. QUARTERLY TOTALE OF HOURS AT
‘ ! EACH WIND SPEED AND DIRECTION
PERIOD OF RECORD ¢! QUARTER & 12
REPORT START TIME ¢! 0100 HRS = 12100AM JANUARY 1, 1987
REFORT END TIME ¢ 4343159 HRS = 11:159FN JUNE 30, 1987
STABILITY CLASS ¢ F
ELEVATION t 10 METERS
WIND SFEED(MPH) AT 10 METER LEVEL

: 1-3 ' 4-7 : 8-12 : 13-18 ¢ 19-24 ¢ »24 ¢ TOTAL :

N ! 3,00E 00 ¢! 7,00€ 00 : 0.00E~-01 ! 1,00E 00 % 0.00E-01 ! 0.00E-Q01 ! 1.10E 01:

- —— - W e e e - -

- ——— - . e e A A e G e e S e e e e e T e
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——————————————————————————————————————————————————————————————————————————————————
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PSRRI F - ————————— S e e e T ol
.......................................................................................

S S S S e o Se e W e e e W S N e W e e e S S e A S R S A o - — - -

FERIODS OF CALMCIOURS)! 7.Q000E 00
HOURS OF INVALID DATA ¢t 4.000E 00

AFFROVED BY! & CGMab TITLE: SuPV pers pate: 20 lee
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TABLE 4
J MIC FAGE 7 OF 7
~ REPORT CATEGORY i METEROLOGICAL DATA, OUARTERLY TOTALS OF HOURS AT
! EACH WIND SFEED AND DIRECTION
PERIOD OF RECORD ! QUARTER ¢ 12
REFORT START TIME ! 0100 HRS = 12100AM JANUARY 1, 1987
REFORT END TIME t 4343159 HRS = 11159PM JUNE 30, 1987
STABILITY CLASS 16
ELEVATION ! 10 METERS
WIND SPEED(MFH) AT 10 METER LEVEL
¢ 1-3  t &-7 1 8-12 3 13-18 % 19-24 1t 24 i TOL.L ¢

- S A A e e -

. e e W RS e S S e e e e e e R R M SR R e e S G R R e S e e e e e e

e W ——— — — f —— - — -] -

- — - — - — - e . - — - —— - - -

e g . S e -

. . - - W - —— - - - - -

.-
-
-

! TOT: 1.235E 02 § 1.91E 02 ! B.00E Q0 3.00E Q0 0.,00E~-01 0.00E-01 ! 2.87E Q2%

Sy e S A S e S e T -

! PERIODS OF CALM(HOURS): 2.000€ 00
HOURS OF INVALID DATA : 2.000E 00
’ HOURS OF GOOD DATA ! A4.261E 03 = 98.1% OF TOTAL HOURS

APFROVED BY: CCC NN — TITLED SuPy wers pates 2zhlee




il T ol < R Rl e e R A ,__,_",,__-___,_.,__._,__,__‘.__._w_,....,—_.??‘
€ 'I 4 L — r "‘ : 1
TABLE 4

HID PAGE 1 OF 7

R S,

-

~ REPORT CATEGORY HETEROLOGICAL DATA, GQUARTERLY TOTALS OF HOURS AT |

& ! EACH WIND SPEED AND DIRECTION
PERIOD OF RECORD ! QUARTER ¢ 12 '
REPORT START TIME t 0100 HRS = [2!100AM JANUARY 1, 1987
~ REPORT END TINME ! 4343159 HRS = 11:159FM JUNE 30, 1987 I
~ STABILITY CLASS ! A -
 ELEVATION !t 40 METFRS .
WIND SPEED(MRPH) AT 80 HMETER LEVEL i
3 1-3 ¢ 4-7 t  8~-12 ! 13-18 ¢ 19-24 ¢ »24 ¢ TOTAL Py
» N ! 0.00E-01 : 0.00E-01 ¢ o 00E~01 ¢ 0.00E-01 ¢ 0.,002-01 ¢ 0.00E-Q1 : 0. oas 011t E
M S W W —— - — A —— .- - :
NNE: 0,00E-01 : 1.,00E 00 3 0,00E-01 ¢ 0.00E-01 ! 0.00E-01 ! 0.,00E-01 ! 1. oos 004
NE ! 0.00E-01 { 0.00E-01 { 0.00E=01 t 0.00E~01 ! 0.00E-01 ¢ 0.,00E-01 : 0. oo:-ox:
ENE! 0.00E-01 ¢ 0.00E-01 ! 0. ooc 01 ¢ 0.00E-01 ¢ O0.00E-01 ! 0.00E-01 ! 0.00E- oxs |

E ! 0.00E-01 ! O0,00E-01 ! 0.00E-01 ! 0.00E-O1 ¢! 0,00E-01 ! 0.00E-01 i 0.00E-0O1:

- - - ————— - ——— - — - —_——— -

e

————————————————————————————————————————————————————————————————————————————————
————————————————————————————————————————————————————————————————————————————————
.................................................................................
......................................................................................

T i A . et L e R B A S . g S e e e e A R T g T ey Sl e T ) DS A5 N G W S T M O s S W e O S -

NNW! 0.00E-01 t 0, OOE 01 & D.00E~01 ¢ 0.00E-01 ¢ 0.00E-01 | 0,00E-01 ! 0.00E-OLZ

TOT: 1.00E 00 i 1.40E 01 i 7.00E 00 1 1,S0E 01 1 2,00E 00 ¢ 0.00E-01 ! 3.90F 011
o lditnteelhsh SN e
PERIODS OF CaLM(HOURS): 0.000€-01

HOURS OF INVALID DATA ! 0.000E-01

APFROVED 611 £&ln AdetAm— TITLE! SuPY HPTS onte: zlilee
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TABLE 4 j
& MID PAGE 2 OF 7 !
b .
. REFORT CATEGORY { METEROLOGICAL DATA. QUAKRTERLY TOTALS OF HOURS AT
5 ! <ACH WIND SFEED AND DIRECTION
"~ PERIOD OF RECORD { QUARTER & 12
" REPORT START TIME ! 0100 HRS = 12:00AM JANUARY 1» 1987
REPORT END TIME ! 4343159 HRS = 11159PM JUNE 30s 1987
STABILITY CLHSS {8 :
ELEVATION { &0 METERS
WIND SPEED(MFH) AT &40 METER LEVEL ﬂ
.~ — - — -~ -~ - " - —— -~ W - - ‘j
! t  1-3 ! 4-7 ! 8-12 ¢ 13-18 ¢ 19-24 ¢ »24 ! TOTAL 3 ;
N § 0,00e-01 ¢t 0.00E~01 ! 0.00F~01 % 0.,00E-01 ¢ 0.00E~ 01 § 0.00E-01 ! 0.00E-01% 1

NNE: 0.00E-01 ! 1.,00E 00 ¢ 0.,00E-01 ! 0.00E-01 ! 0.0CE-01 ! 0.00E-01 I 1.,00E 00: E

NE ! 0.,00E-G1 ! 0.00E-01 ¢! 1.,00E 00 ¢! 0.00E~01 ! Q.00E-01 ! 0.,00E-01 ! 1.00E 00!

.v—--—c-—_---------..-..c-.-c—-_——-.._-——--.-—-—-.-———--.—--o------——-————---—--——_---—-—---

-.--..-—»-—-—----—..—--——‘—--—--.--—-------—-----—._----..--_——---_-~-n.__-----.--.——--—-—m.

’--ﬂ---"&-.ﬁ‘-‘.——-u-——-‘—-"---‘_‘--—--‘----"*»‘-———ﬁ-------—&—_—-‘.—-----—-— -

S A o e S S S . e S W A . s A e A O S A A A A B e B U S B A S e e G O G e S e e S e ——

e T G A St s e e i e W o e S <l T - ol S T ST WS T 000 R S B S D A T A A S o e -l 4 g g T W, A GRS R SRR

—— - - - - .-...._—_..._-._.-...---_..-..-»--..—.._--..-.;.-..-......—-—--<.---—-——_———-_—---

FERIODS OF CALM(HOURS)! 0.000E-01 i
HOURS OF INVALID DATA ! 0,000E-0Q1

AFPROVED BY!: £ O Aot A TITLE! SUA HPTS DATED 2)i]ae




TABLE 4

HID FAGE 3 0OF 7

REPORT CATEGORY METEROLOGICAL DATA. QUARTERLY TOTALS OF HOURS AT

:
| ! EACH WIND SFEED AND DIRECTION

~ PFRIOD OF RECORD ! QUARTER # 12

 REPORT START TIME ! 0100 HRS = 12!00AM JANUARY 1, 1987

- REPORT END TIME ! 4343157 HRS = 11159FH JUNE 30, 1987

 STABILITY CLASS 8 -

~ ELEVATION ! 60 HETERS

| WIND SPEED(HPH) AT 60 METER LEVEL

§ ! 1-3 ! 4-7 ! 8-12 ¢t 13-168 ¢ 19-24 §  >»24 ! TOTAL ¢

e A S R e S e e e e A e S e S S S e S -

N ¢ O0,00E-01 ! 0,00E-01 ! 0.,00E-01 ! 1.00E 00 ! 0 0O0E-01 ! 0.00E-01 ! 1.00E 00!

————————————————————————————————————————————————————————————————————————————————————
——————————————————————————————————————————————————————————————————————————————————
——————————————————————————————————————————————————————————————————————————————————————
————————————————————————————————————————————————————————————————————————————————————
————————————————————————————————————————————————————————————————————————————————
———————————————————————————————————————————————————————————————————————————————————
—————————————————————————————————————————————————————————————————————————————————
———————————————————————————————————————————————————————————————————————————————————
———————————————————————————————————————————————————————————————————————————————

e S e e e e e e e e S T S M e e A -

% TOT: 2.00E 00 ! 3.90E 01 ! B,Z0E 01 ! S.00E 01 t 3. OOE 00 I 0,00E-01 ! 1.76E 02!

- - A g T - —— e S S e e S -

l

I
FERIODS OF CALM(HOURS)! 0Q.000E-01
HOURS OF INVALID DATA ¢ 0.000E-01

APFROVED BY! CCO mtAe TI . ! SuPy HPTS oate: 2/1168










- PEPORT CATEGORY

MID FAGE & OF 7

METEROLOGICAL DATA. QUARTERLY TOTALS OF HOURS AT
EACH WIND SFEEC AND DIRECTION

GUARTER ¢ 12

0100 HRS = 12:00AM JANUARY 1+ 1987

4343159 HRS = 11'599FM JUNE 30y 1987

-

FERIOD OF RECORD
REFORT START TIHME
REFPORT END TIME

s % ge ** awm

STABILITY CLASS F
ELEVATION 60 METERS
WIND SPTED(MFPH) AT &40 METER LEVEL
H 1=3 ! q-7 : 8-12 : 13-18 ¢ 19-29 ¢ >24 ¢ TOTAL H

———————————————————————————————————————————————————————————————————————————————————
—————————————————————————————————————————————————————————————————————————————————
———————————————————————————————————————————————————————————————————————————————————
—————————————————————————————————————————————————————————————————————————————————
———————————————————————————————————————————————————————————————————————————
——————————————————————————————————————————————————————————————————————————————————
——————————————————————————————————————————————————————————————————————————————————
————————————————————————————————————————————————————————————————————————————————————
—————————————————————————————————————————————————————————————————————————————————
———————————————————————————————————————————————————————————————————————————————————
———————————————————————————————————————————————————————————————————————————————————

SH ¢ 2,00E 00 ! Z.00E 00 ! 3.20E Ot ! 4,70E 01 { 6.,00E 00 ! 0.00E-01 ! 8.90FE 01!

S . - - o o . S e e S e e e e WG e SR W G e SR e G e e S N S SR - .-~

WSW: 0.,00E-01 : 1.,490E 01 ! 1,90E 01 ! 1.,80E 01 ¢! 1.,00E 00 ! 0.00E-O1 ! 5,20E 01!

. — - - - - ——— - - - - — - — - - . - - —— - —— . .-
S e . i A S o S e S S T . S S S e S et S o, e N o e G G A i S A S A e e e S e - -
- Al S i S o S e S T . . S G W G S e S SSRGS S U W P W G S S S e G S "

NNW: 1.00E QO L .00E 00 ¢ 1,30E 01 ¢ 1.40E 01 ! 0.00E-01 ! 0.00E-O01 ! 3,10E 01}

- - . e e e e S U A S W S SN e S . o W o - - - - ——— ] — - -—

TOT: 1.50E 01 ¢! 1.08E 02 ! 4.50E 02 ! Z.48E 02 ! 1,40E 01 ! 3.00E 00 : B8.,38E 021

e i i i e i s fln L e e i S . S e e s S e S W OO, M e S S e e e A S S S S e G S e e S W - -

PERIODS OF CALM(HOURS):! 0.000E-01
HCOURS OF INVALID DATA ¢ 1.Z00E 01

AFPROVED BY! & CENMiA~— TITLE: SuPv HPTrS oate: 2hlés
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REFORT CATEGORY

PERIOD OF RECORD
REFORT START TIME
REFORT END TIME
STABILITY CLASS
ELEVATION

+
.
.
-
‘
.
¥
.
‘
.
’
.
.
.

METEROLOGICAL DATA.

MID

EACH WIND SPEED AND DIRECTION

QUARTER #
0100 HRS = 12100AM JANUARY 1»

ie

3343:5% HRE = 11:59FH JUNE 30,

G

60 METERS

SPEED (HFH)

- e e e G e e e e e e S e e e e A e e e e S S S -

60 METER LEVEL

FAGE

1987

1987

7. QF

QUARTERLY TOTALS OF HOURS AT
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TABLE 4

MIC FAGE 1 OF 7
REPORT CATEGORY ! METEROLOGICAL DATA., QUARTERLY TOTALS OF HOURS AT
! EACH WIND SFEED AND DIRECTION
PERIOD OF RECORD ! QUARTER & 34
REFORT START TIME ! 4344100 HRS = 12:00AM JULY 1, 1987
REFORT END TIME ¢t 8759100 HRS = 11:!00PM DECEMEBER 31, 1987
STABILITY CLASS I A
ELEVATION ¢t 10 METERS
WIND SFEED(MFH) AT 10 METER LEVEL
H 1-3 ! 4-7 ' 8-12 ' 13-18 | 19-24 | >24 ¢ TOTAL !
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TABLE 4 MIC PAGE 2 'OF Y

REPORT CATEGORY ! METEROLOGICAL DATA. GQUARTERLY TOTALS OF HOURS AT
! EACH WIND SPEED AND DIRECTION

PERIOD OF RECORD ! QUARTER #% 34

REFORT START TIME ! 4344100 HRS = 12100AM JULY 1, 1987

REFORT END TIME ! B759100 HRS = 11:!00FM DECEMBER 31, 1987

STABILITY CLASS VB

ELEVATION ¢t 10 METERS

WIND SPEED(MFH) AT 10 METER LEVEL

-----------------------------------------------------------------------------
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TABLE 4 MIC PAGE 3 OF 7

METEROLOGICAL DATA. QUARTERLY TOTALS OF HOURS AT
EACH WIND SPEED AND DIRECTION

QUARTER &% 34

4344100 HRS = 12100AM JULY 1, 1987

8759100 HRS = 11!100FM DECEMBER 31, 1987

REPORT CATEGORY

FERIOD OF RECORD
REFORT START TIME
REFORT END TIME

- R s e e e

STABILITY CLASS C
ELEVATION 10 METERS
WIND SPEED(MPH) AT 10 METER LEVEL
' 1-3 : 4-7 : 8-12 ' 13-16 ¢ 19-24 1 »24 ! TOTAL :
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TABLE 4

MIC PAGE 4 O0OF 7
REFORT CATEGORY ! METEROLOGICAL DATA. QUARTERLY TOTALS OF HOURS AT
! EACH WIND SPEED AND DIRECTION
FERIOD OF RECORD ! QUARTER & 34
REFORT START TIME ! 4344100 HRS = 12100AM JULY 1, 1987
REFORT END TIME ¢ 8759100 HRS = 11!100FM DECEMBER 31, 1987
STABILITY CLASS + D
ELEVATION ¢ 10 METERS
WIND SFEED(MFH) AT 10 METER LEVEL
! 1-3 : 4-7 ! 8-12 : 13-18 | 19-24 ¢ >24 ! TOTAL '
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TABLE 4 MIC FAGE S OF 7

REPORT CATEGORY ! METEROLOGICAL DATA., QUARTERLY TOTALS OF HOURS AT
! EACH WIND SPEED AND DIRECTION
PERIOD OF RECORD ! QUARTER ¢ 34
REFORT START TIME ! 4344100 HRS = 12!100AM JULY 1y 1987
REPORT END TIME ¢t 8759100 HRS = 11:100FM DECEMEBER 31, 1987
STABILITY CLASS ‘{ E
ELEVATION ¢ 10 METERS
WIND SFEED(MFH) AT 10 METER LEVEL
' 1-3 ! 4-7 ! 8-12 : 13-18 ¢ 19-24 ¢ >24 ! TOTAL '
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TABLE 4

MIC FAGE &6 OF 7

REFPORT CATEGORY ! METEROLOGICAL DATA. QUARTERLY TOTALS OF HOURS AT

! EACH WIND SFEED AND DIRECTION
FERIOD OF RECORD ! QUARTER ¢ 34
REFORT START TIME ! 4344100 HRS = 12:00AM JULY 1,y 1987
REPORT END TIME ! 8759100 HRS = 11:100PM DECEMBER 11, 1987
STABILITY CLASS ¢t F
ELEVATION ! 10 METERS

WIND SPEED(MFH) AT 10 METER LEVEL
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"ABi% 4 MTO PAGE 7 oF 7
REPORT CATEGORY ! METEROLOGICAL DATA. QUARTERLY /OTALS OF HOURs |
! EACH WIND SPEED AND DIRECTION
PERIOD OF RECORD ! QUARTER # 34
REPORT START TIME ! 4344:00 HRS = 12'00AM JULY i» 1987
REPORT END TIME ! 8759500 HRS = 11!00FY DECEWMBER 31, 1937
STABILITY CLASS 6
ELEVATION ! 10 METERS
WIND SPEED(MPH) AT 10 METER LEVE’
{ 1-3 ! Q-7 ! B8-12 ¢ 13-18 { 19-2a t >24 ' 10TAL ¢
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REFORT CATEGORY

:
~ERIOD OF RECORD !
REFORT START TIME :
REPORT END TIME '
STABILITY CLASS H
ELEVATION H

TABLE 4 MID PAGE 1 OF 7

METEROLOGICAL DAYA., QUARTERLY TOTALS OF HOURS AT
EACH WIND SFEED AND DIRECTION
QUARTER ¢ 34
4344100 HRS = 12100AM JULY 1, 1987
8757100 HRS = 11:!00FM DECEMBER 31, 1987
A
60 METERS

WIND SFEED(MFH) AT 40 HETER LEVEL
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TABLE 4

MID PAGE 2 OF 7
REFORT CATEGORY ! METEROLOGICAL DATA. QUARTERLY TOTALS OF HOURS AT
! EACH WIND SFEED AND DIRECTION
FERIOD OF RECORD ¢ QUARTE & 34
REFORT START TIME ! 4344100 HRS = 12100AM JULY 1y 1987
REPORT END TIME ! 8759100 HRS = 11!00FM DECEMBER 31, 1987
STABILITY CLASS ' B
ELEVATION ¢ &0 METERS
WIND SPEED(MFH) AT 60 HMETER LEVEL
: 1-3 : 4-7 H 8-12 ' 13-18 ¢ 19-24 | »24 ¢ TOTAL '
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TABLE 4 MID PAGE 3 OF 7

REFPORT CATEGORY ! METEROLOGICAL DATA. QUARTERLY TOTALS OF HOURS AT
¢! EACH WIND SPEED AND DIRECTION

PERIOD OF RECORD ! QUARTER % 34

REFPORT START TIME ! 4344:00 HRS = 12:100AM JULY 1, 1987

REPORT END TIME ! 8759100 HRS = 11:!00FPM DECEMBER 31+ 1987

STABILITY CLASS ¢t C

ELEVATION ¢ 60 METERS

WIND SFEED(MFH) AT 40 METEFR LEVEL
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TABLE 4

MID PAGE 4 OF 7
REFORT CATEGORY ! METEROLOGICAL DATA. QUARTERLY TOTALS OF HOURS AT
! EACH WIND SFEED AND DIRECTION
FERIOD OF RECORD ¢! QUARTER & 34
REPORT START TIME ! 4344100 HRS = 12!100AM JULY 1, 1987
REFORT END TIME ! B759:00 HRS = 11:00FPM DECEMEER 31+ 1987
STABILITY CLASS + D
ELEVATION ¢t 60 METERS
WIND SPEED(MPH) AT 60 METER LEVEL
H 1-3 : 4-7 ! 8-12 : 13-18 ¢ 19-24 | >24 ! TOTAL :
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TABLE 4

MID PAGE S OF 7
REFORT CATEGORY ! METEROLOGICAL DATA. QUARTERLY TOTALS OF HOURS AT
! EACH WIND SFEED AND DIRECTION
PERIOD OF RECORD ! QUARTER & 234
REFORT START TIME ! 4344:00 HRS = 12:00AM JULY 1, 1987
REPORT END TIME ! 8759100 HRS = 11:00FM DECEMBER 31, 1987
STABILITY CLASS ! E
ELEVATION ¢ 60 METERS
WIND SFPEED(MPH) AT 40 METER LEVEL
: 1-3 ' 4-7 : 8-12 ! 13-18 ¢ 19-24 ¢ >24 ¢! TOTAL '
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TABLE 4

MID PAGE &6 OF
REFORT CATECGORY ! METEROLOGICAL DATA. QUARTERLY TOTALS OF HOURS AT
! EACH WIND SPEED AND DIRECTION
PERIOD OF RECORD ! QUARTER & 234
REFORT START TIME ' 4344100 HRS = 12100AM JULY 1, 1987
REFORT END TIME ! 8759100 HRS = 11:00FM DECEMBER 31, 1987
STABILITY CLASS $ F
ELEVATION ! 60 METERS
WIND SFEED(MPH) AT 60 HMETER LEVEL
: 1-3 ! 4-7 ' 8-12 ' 13-186 1 19-24 ¢ >24 ¢ TOTAL :
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TABLE 4

MID FAGE 7 OF 7
REPORT CATEGORY ! METEROLOGICAL DATA. QUARTERLY TOTALS OF HOURS AT
! EACH WIND SPEED AND DIRECTION
FERIOD OF RECORD ! QUARTER & 34
REFORT START TIME { 4344100 HRS = 12!100AM JULY 1, 1987
REFORT END TIME ¢ B75%9100 HRS = 11:!00FM DECEMEER 31, 1987
STABILITY CLASS ' G
ELEVATION ¢ 60 METERS
WIND SFEED(MPH) AT 40 METER LEVEL
: 1-3 ' 4-7 : 8-12 ' 13-18 | 19-24 ¢ »24 ¢ TOTAL i

N ! O.00E-01 : 3.00E 00 ! S.00E 00 ! 3.00E 00 ! 0.00E-01 ! 0.00E-01 ! 1.10E 01!

NNE! 1,00E 00 ! 4.,00E 00 ¢ 1.,00E 01 ! S5.,00E Q0 ! 0.,00E-01 ¢ 0.00E-01 ! 2.00E 01

- e W S S R e e e S S M e S G G e —— - - -

FERIODS OF CALM(HOURS)! 1.000E 00
HOURS OF INVALID DATA ¢ 1,300E 01
HOURS OF GOOD DATA ! 4,359E 03 = 98,7% OF TOTAL HOURS

APPROVED BY: £ NMMA TITLE: SUPY HPTS DATE: 2/ /88




DOSE AT THE SITE BOUNDARY AND NEAREST RESIDENT

TABLE 5

FROM GASEOUS EFFLUENTS

1987

ORGAN SITE BOUNDARY

Location: 2,2Km NNW

Age Group: Child

DOSE % LIMIT
Gamma Air 4,0E-2 0.4
Dose (mrad)
Beta Air 9.6E-2 0.5
Dose (mrad)
Whole Body (mrem)* 2,5E-2 N/A
Skin (mrem) 6.6E=2 N/A
Bone (mrem) 2.8E-4 N/A
Liver (mrem) 6.6E-3 N/A
Total Body (mrem) 6.4E-3 N/A
Thyroid (mrem) 5.9E-2 N/A
Kidney (mrem) 6.5E=-3 N/A
Lung (mrem) 6.3E-3 N/A
GI-LLI (mrem) 6.3E-3 N/A

* Noble Gas Exposure Only

Page 1 of 1

NEAREST RESIDENT

Location: 2.9 km NNW
Age Group: Child

DOSE 2 LIMIT
2.6E-2 N/A
6.2E-2 N/A
1.6E-2 N/A
4,2E-2 N/A
1.7E=4 1E-3
4,2E-3 3E-2
4,0E-3 3JE=2
3.7E-2 2E~1
4,2E-3 3E-2
3.9E=3 3E-2
4,0E=3 3E-2



TABLE 6

DOSE TO THE MEMBER OF THE PUBLIC FROM ACTIVITIES
WITHIN THE SITE BOUNDARY

1987
ORGAN EFFLUENTS DOSE DIRECT RADIATION DIRECT RADIATION TOTAL DOSE
WITHIN THE SITE FROM THE UNIT FROM OUTSTDE TANKS FOR THE YEAR
L BOUNDARY (mrem) (mrem) (mrem) (mrem)
Skin 3.1E-3 SE-4 8E-3 1.2E-2
Bone 1.2E-3 SE-4 8E-3 9.7E-3
Liver 1.4E=3 SE-4 8E~3 9.9E-3
Total Body 1.4E-3 SE-4 8E-3 9,.9E-3
Thyroid 2.3E~3 5E=4 8E-3 1.1E=-2
Kidney 1.4E-3 S5E=-4 8E-3 9,9E-3
Lung 1.4E=3 S5E-4 8E-3 9.9E-3
GI-LLI 1.4E-3 5E-4 8E-3 9.9E-3

Page 1 of 1



TABLE 7
TOTAL DOSE DUE TO THE URANIUM
FUEL CYCLE
1987

ORGAN DOSE TO THE NEAREST Z LIMIT DOSE TO THE MEMBER OF 7 LIMIT

RESIDENT (mrem) 40CRF190 THE PUBLIC (mrem) 40CFR190
Skin 4,2E-2 4,2E-2 2E~1
Bone 1,.6E=-2 4E=2 1E-1
Liver 2.0E-2 2,4E-2 1E~1
Total Body 2.0E-2 2.4E=-2 1E~1
Thyroid 5.3E-2 2,5E=2 3E-2
Kidney 2.0E=-2 8E-2 2,4E-2 1E-1
Lung 2.0E-2 8E=-2 2.4E=2 1E-1
GI-LLI 2.0E-2 8E~-2 2.4E-2 1E-1
Page 1 of 1




TABLE 8

DOSE DUE TO LIQUID EFFLUENTS
1987

Organ Dose Limit* ZLimit
(mrem) (mrem)

BONE 1.3E-1 10 1
LIVER 2,3E-1 10 2
TOTAL BODY 1.7E~1 3 6
THYROID 8.9E-3 10 9E-2
KIDNEY 7.5E=2 10 8E~1

LUNG 2.6E=-2 10 3E~1

~N

GI-LLI 1,7E-1 10

* Annual Dose Limits of Technical Specification 3.11.1.2.
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DISCLOSURE STATEMENT

The Formulations contained in this document a.: considered
proprietary to Union Electric Company and its installed Solid
Radwaste System supplier and shall not be duplicated, used, or

isclosed outside the Nuclear Regulatory Commission in whole or in

part.
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CALLAWAY PLANT

PROCESS CONTROL PROGRAM MANUAL

(PCP)

PURPOSE AND SCOFE

The purpose of the Process Control Program
(PCP) is to provide reasonable assurance and
documentation that the processing and pack=-
aging of solid radiocactive wastes based on
actual or simulated wet solid wastes will Dbe
accomplished in such a way as to assure come-
pliance with 10CFR20, 10CFR61, 10CFR71, the
Radioclogical Effluent Technical Specifica-
tions, Federal and State regulations, burial
ground requirements, and other requirements
governing the disposal of the radiocactive
wastes.

The PCP contains the sampling, tests,
analyses, and formulation determination by
which waste classification and solidifica-
tion of radicactive wastes from liquid sys-
tems is assured.

Processing of radiocactive wastes using con-
tracted vendor services will be controlled
in accordance with Section 8.0 of the Cal-
laway Plant PCP.

DEFINITIONS

Scolidification = The conversion of wet
wastes into a form that meets shipping and
burial ground requirements.

Batch - A specified quantity of waste
material requiring scldification any peortion
of which would have the same physical and
chemical characteristics as the whole.

Waste Classification - The determination of
waste class as outlined in 10CFR6l by
radionuclide isotopic analysis and/or cor-
relation with measured nuclides.

PCP
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10CFR61 COMPLIANCE METHODOLOGY

All packaged radica‘ttive wastes generated at
the Callaway Plant shall meet the require-
ments of Title 10 Code of Federal Regula-
tions Part 61 (10CER61).

Waste Classification (10CFR61.55) require-
ments shall be met by the methodology esta-
blished in plant operating procedure(s) gov=
erning Waste Classification.

Waste Characterization (10CFR61.56) require=-
ments shall be met by a combination of the
methodelogy stated in the Process Control
Program (Section 6.0) and related Callaway
Plant Operating Procedures. Stability
requirements stated in 10CFR61.56 (b) and by
burial site shall be met and ensured prior
to shipping packaged radicactive waste off-
site for burial.

Additionally, the use of NRC-approved topi-
cal reports may be utilized in meeting spe-
cific requirements of 10CFR61.

ADMINISTRATIVE CONTROLS

All samples shall be handled in accordance
with applicable Callaway Plant procedures
and in keeping with ALARA principles.

Test samples containing radiocactive waste
and contaminated disposable labware utilized
in the performance of the methods described
in the PCP shall be disposed of as radiocac-
tive waste.

The establishment of effective administra-
tive controls governing the use and disposal
of oils, greases and chelating agents shall
be utilized as a means to control and/or
limit the production of wastes containing
these substances. In the event that chemi-
cal analysis of process wastes for these
substances is impractical due to physical
restrictions or analtytical constraints,
determination of their presence (or absence)
shall be made utilizing appropriate evalua-
tien techniques.

PCP
Rev. 8
10/87




5.0
5.1

9.1,

$.1,

$.1.

T 0

wm
=

1

2

3

COLLECTION AND ANALYSIS OF SAMPLES

CENERAL REQUIREMENTS

As required by Radiological Effluent Techni-
cal Specification 3.11.3, the PCP shall be
used to verify the solidification of at
least one representative test sample from at
least every tenth batch of each type of wet
radicactive waste processed.

For the purpose of the Callaway Plant PCP, a
batch shall consist of a particu.ar amount
of liquid wastes/sludges requiring solidifi-
caticn (ie., the amount of waste content
within a tank requiring solidification, or,
the amount of waste content within two tanks
requiring solidification if the contents of
the two tanks are to be solidified together
within a common drum). If new material is
added to a tank's contents which is curren-
tly being processed, a new batch is created
and further sampling must be performed prior
to solidification.

If any sample fails to solidify, solidifica-
tion of the batch under test shall be
suspended until such time as additional test
samples can be obtained, alternative solid-
ification parameters can be determined in
accordance with the Process Control Program,
and a subsequent test verifies
solidification. Solidification of the batch
may then be resumed using the alternative
solidification parameters determined.

If the initial test sample from a batch of
waste fails to verify solidification, then
representative test samples shall be col=-
lected from each consecutive batch of the
same type of waste until three (3) conse-
cutive initial test specimens demonstrate
solidification.

For high aztivity wastes, where handling
samples could result in personnel radiation
exposures which are inconsistent with ALARA
principles, representative non-radicactive
samples may be test solidified. These sam=-
ples shall be as close to the actual waste
and chemical properties as possible. Typi=-
cal unexpended mixed bead resin may be used
to simulate the spent bead resin.

PCP
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Where practical, all chemicals used to con-

dition or solidify waste (»r simulated
waste) in solidification tests shall be
identical to the actual chemicals to be used
in full scale solidification.

COLLECTION OF SAMPLES

Sample Analysis Documentation

Pertinent information on the characteristics
of test sample solidification shall be
recorded in order to verify solidification
of subsequent batches of similar waste
without retesting.

The test sample data for waste shall in-
clude, but is not limited to: the type of
wastes solidified; percent total solids; pH;
amount of oil in the sample.

Additionally, recorded information will in-
clude the batch number, waste type, waste
classification, total waste received, total
portland cement added, total sodium metasil-
icate added and the date solidified.

If waste pretreatment is necessary prior to
actual batch solidification per the results
of section 6.1, the agent used and amount
added shall be recorded.

Taking Samples

A sample(s) of the waste tank's contents
requiring solidification shall be taken in
order to determine the actual process formu=-
lation for solidification, any pretreatment
of the waste needed prior to solidification,
and the waste classification of the final
solidified waste product.

Sample sizes, as determined by the Radwaste
Department, shall be compatible with the
standard size samples used for radiocactivity
and chemical analysis.

If the radiocactivity levels are too high to
permit full size samples to be taken, then
smaller samples shall be taken with the
results corrected accordingly.
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4.2

Sufficient sampling lead time should be al=-
lotted prior to the planned waste solidifi-
cation of a batch to allow adequate time to
complete the required testing and verifica-
tion of solidification, as applicable.

The contents of the waste tanks that are to

be solidified shall be recirculated (mixed)

prior to sampling to ensure that a represen-
tative sample is obtained.

If the contents of more than one tank are to
be solidified in the same drum, then repre=-
sentative samples of each tank should be
drawn.

These samples should be of a sufficient com=
position that if "X" percent of the total
waste to be solidified is to be taken .rom
one of the tanks, then the sample take'. from
that tank should be the same percenta_,e in
the composite sample.

The samples taken of each should be mixed in
the proper proportions to yield a standard
size sample as described in 5.2.2.1.1.

CHEMICAL ANALYSIS OF WASTE SAMPLES

Evaporator bottoms and chemical wastes shall
be analyzed for total sclids, oil content,
boric acid concentration and pH.

Spent resin beads and cha coal shall be
characterized by analyzing the water sur-
rounding the beads and charcoal for oil con-
tent and pH. Boric acid concentration of
spent resin beads shall be determined by an
assay of the boric acid separated from the
anion bead resin.

Results of chemical analysis shall be
documented.

RADIOCHEMICAL ANALYSIS OF WASTE SAMPLES

A gamma isotopic analysis will be performed
on each batch to be solidified.
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This analysis will be used to determine ac=-
ceptability for solidification as well as
waste classification of the waste to be
solidified (see Section 7.0).

The results of the gamma isotopic analysis
shall be recorded on/attached to the docu=-
mentation package.

TEST SOLIDIFICATION AND ACCEPTANCE CRITERIA

WASTE CONDITIONING

Prior to the test sample solidification, the
pH of the tank shall be adjusted to a range
of 7 to 9 pH.

Should adjustment be necessary, the agent
and quantity used shall be recorded.

If oil is present in quantities greater than
1% by volume, dilution of the batch to below
1% is required prior to solidification.

If reduction of the oil content is impossi-
ble or impractical, solidification of the
batch shall not be attempted using the Stock
Solidification System, but shall be accom~
plished using a bulk processing method.

TEST SOLIDIFICATION

Whenever pretreatment of a batch is neces-
sary, the tank contents shall have the
required pretreatment accomplished prior to
pulling the sample for tes* solidification
analysis.

A test solidification container shall be
prepared with a mixing device., This test
solidification container could either be a
small sample container, or, in certain ap-
plications, a full scale drum when actual
full scale testing of a batch may be
required or desirable.

The appropriate proportional amount of port=-
land cement and sodium metasilicate, as ap-
plicable, determined from the appropriate
solidification formulation nomograms/charts
(Attachments 1 through 4) shall be added.
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A known representative volume of the waste
shall be transferred to the test solidifica~
tion container.

Mixing of the waste, portland cement and
sodium metasilicate shall be initiated. Af-
ter appropriate mixing or when a homogenous
mixture is obtained, the cement/waste mix-
ture shall be allowed to stand for a speci=-
fied time period.

Any free liquid observed on the top of the
test solidification shall be decanted into a
clear volumetric beaker (cylinder). The
amount of liquid decanted shall be used to
calculate the percent free liquid. Results
of this analysis shall be documented.

TEST SOLIDIFICATION ACCEPTABILITY

The test sample solidification will be con-
sidered acceptable from a free ligquid stand-
point if the amount of free ligquid is the
lessor of either 1% by volume or burial site
limits.

The test sample solidification will be con-
sidered acceptable from a solid mass stand-
point (i.e., structural stability) if the
surface of the sample resists penetration
when probed with a spatula or comparable
firm object.

If either or both of the above checks fail
to meet the stated criteria, the waste same
ple an-.ysis and/or the sample solidifica-
tion formula shall be verified as being
correct.

If this verification shows an error in waste
sample analysis or sample solidification
formula,a corrected solidification formula
shall be cbtained and sample solidification
performed using this corrected formula.

In the event that the analysis and formula
previously derived and used are correct, al-
ternative solidification parameters shall be
determined before solidification can
proceed.
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If the initial test solidification of a
batch is unacceptable, then a representative
sample shall be test solidified on each sub-
sequent batch of the same type of waste un-
til three consecutive test samples demon-
strate solidification.

If a test sample fails to provide acceptable
solidification of waste, equal volumes of
dry cement and water shall be mixed to en-
sure that the problem is not due to a bad
batch of cement.

PROCESS FORMULATIONS

GENERAL REQUIREMENTS

Prior to batch solidification of the waste
to be solidified, waste classification and
acceptability for near-surface disposal
shall be determined. This will involve cal-
culating the activity within the projected
waste drums using the isotopic analysis
determined per section 5.4 and the actual
solidification formulas to be used.

Solidification formulations are based upon
use of formulations/nomograms shown as
Attachments 1 through 4 dependant upon the
chemical analysis and type of waste to be
solidified.

Instructions for use of these nomograms
shall be described in plant operating
procedures.

SPENT RESINS/CHARCOAL

Spent resins/charcocal shall be solidified
utilizing the formulations of Attachment 1,
Resin Sclidification Formulas, and the oper-
ating sequences specified in plant operating
procedures.

In the event that the boric acid assay of
the bead resin yields boric acid in excess
of 33.33 mg/ml, a corresponding amount of
sodium metasilicate per Attachment 4, Sodium
Metasilicate Addition, shall be added.




CHEMICAL DRAIN TANK WASTES

Chemical Drain Tank Wastes shall be solidi-
fied utilizing the formulation nomogram of
Attachment 2, Concentrated Wastes
(Non-Borated) Solidification, and the oper=-
ating sequences specified in plant operating
procedures.

In the event the boric acid analysis of the
waste sample yields boric acid in excess of
33.33 mg/ml, solidification shall be based
upon the formulation nomogram of

Attachment 3, Concentratead Wastes (Borated)
Solidification, with a corresponding amount
of sodium metasilicate per Attachment 4,
Sodium Metasilicate Addition, added.

EVAPCRATOR BOTTOMS

Evaporator Bottoms shall be solidified util-
izing the formulation nomogram of

Attachment 2, Concentrated Wastes
(Non-Borated) Solidification, and the oper-
ating sequences specified in plant operating
procedures.

In the event the boric acid analysis of the
waste sample yields boric acid in excess of
33.33 mg/ml, solidification shall be based
upon the formulation nomogram of

Attachment 3, Concentrated Wastes (Bora:ed)
Solidification, with a corresponding amount
of sodium metasilicate per Attachment 4,
Sodium Metasilicate Addition, added.

RADICACTIVE WASTE PROCESSING USING CON=-
TRACTED VENDOR SERVICES

GENERAL REQUIREMENTS

As required by Technical Specification
3/4.11.3.¢c, contracted vendor services shall
be provided to process and package radiocac-
tive wastes to the required waste form to
satisfy the applicable transportation and
disposal requirements for those instances
when the installed scolid radicactive waste
system is incapable of processing these
wastes.
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Contracted vendor services will be esta-
blished for the packaging of wet radiocactive
wastes by vendor solidification and/or
dewatering.

| 8.1.3 Contracted vendor services may be exercised
when, in the opinicn of plant management,
any of the following conditions exist:

$.3.3.3 The installed system is declared
out-of-service thereby reducing or eliminat-
ing the capability of Callaway Plant to ef~-
ficiently and legally package radicactive
wastes in accordance with all applicable
requirements governing the disposal of the
wastes; or,

8.1.3.2 The installed system is incapable of packag-
ing these wastes in accordance with any of
the applicable requirements (e.g., 10CFR61l.)
governing the disposal of these wastes; or,

Bk When processing and packaging economics show
an increased cost efficiency of vendor
processing versus installed system
processing.

8.1.4 Specific programmatic controls for these
services will be handled in accordance with
the vendor's Quality Assurance program.
This program shall be approved by Union
Electric Quality Assurance prior to imple-
mentation of the contracted services.

8.2 CONTROL OF VENDOR PROCEDURES AND DOCUMENTA-
TION

$:.2.3 Vendor Procedure Control

8.2.1.1 Vendor procedures covering equipment setup,

operation, and removal shall be reviewed and
approva2d in accordance with plant adminis-
trative procedures prior to implementation.
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Vendor procedures covering the vendor's Pro-
cess Control Program (PCP) in addition to
the review and approval mentioned above
shall also be reviewed and approved by the
Onsite Review Committee prior to
implementation.

The vendor PCP shall provide for the sam=-
pling, tests, analyses and formulation
determination, where applicable, as required
by plant Technical Specifications covering
the Callaway Plant PCP.

Results of all testing and analyses shall be
documented, as necessary, to ensure com=-
pliance with the vendor PCP and all applica-
ble transportation and burial ground
requirerents governing these wastes.

Control ¢of Vendor Documentation

Copies of all documentation attesting to
compliance with the requirements of the ven-
dor PCP as well as any plant operating
procedures utilized in support of the cone
tracted vendor service shall be retained by
the plant for inclusion in plant files.

Documentation containing proprietary in-
formation shall be appropriately handled and
controlled tc ensure the required degree of
confidentiality is met.

REFERENCES

STOCK EQUIPMENT COMPANY, General Process
Control Program (M-=135-0457)

10CFR20
10CFR61
10CFR71
Reg. Guide 8.8

Radiological Effluent Technical Specifica-
gion J3.3131.3
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1.0 PURPOSE AND SCOPE

The Offsite Dose Calculation Manual (OLCM) describes
the methodology and parameters used in the calculation
of offsite doses and dose rates due to radiocactive
liquid and gasecus effluents and in the calculation of
liquid and gaseocus effluent monitoring instrumentation
alarm/trip setpoints. The ODCM also contains a list
and description of the specific sample locations for
the radiclogical environmental monitoring program.

Changes in the calculational methodologies or paramet-
ers will be incorporated into the ODCM and documented
in the Semi Annual Radiocactive Effluent Release Report.
The ODCM does not replace any station implementing
procedures,
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2.0 LIQUID ZFFLUENTS
2.1 Technical Specification 3.3.3.10

The radicactive liquid effluent menitoring instrumenta-
tion channels shall be OPERABLE with their alarm/trip
setpoints set to ensure that the limits of Technical
Specification 3.11.1.1 are not exceeced. The
alarm/trip setpoints of these channels shall be ad-
justed to the values determined in accordance with the
methedology and parameters in the ODCM.

2.2 Ligquid Effluent Monitors

Gross radicactivity monitors which provide for au-
tomatic terminatiorn of liquid effluent releases are
present on the liquid effluent lines. Flow rate meas-
urement devices are present on the liquid effluent
lines and the discharge line (cooling tower blowdown).
Setpoints, precautions, and limitations applicable to
the operation of the Callaway Plant lijyuid effluent
monitors are provided in the appropriate Plant Proce-
dures, which are contained in Volume 6 2f the Plant
Operating Manual. Setpoint values are calculatel to
asrsure that alarm and trip actions occur prior to ex-
ceeding the Maximum Permissible Concentration (MPC)
limits in 10 CFR Part 20 at the release point to the
UNRESTRICTED AREA. The calculated alarm and trip ace
tion setpoints for the liquid effluent line monitors
and flow measuring devices must satisfy the following
equation:

cf < C
F+f (2.1)
where:
cC = the ligquid effluent concentration limit (MPC)
implementing Technical Specification 3.11.1.1
for the site in (uCi/ml).
c = The setpoint, in (uCi/ml), of the radiocactive

i.y monitor measuring the radicactivity
concentration in the effluent line prior to
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dilution and subsequent release; the setpoint,
which is inversely proportional to the
volumetric flow of the effluent line and
directly proporticonal to the volumetric flow
of the dilution stream plus the effluent
stream, represents a val.e, which, i{ ex-
ceeded, would result in concentrations exceeri-
ing the 'imits of 10 CFR Part 20 in the UNRES-
TRICTED AREA.

£ = The flow setpoint as measured at the radiation
monitor location, in volume per unit time, but
in the same units as F, below.

F = The dilution water flow setpoint as measured
prior to the release point, in volume per unit
time. (If (F) is large compared to (f), then
F+f = F).

(Ref. 9.8.1)
If no dilution is provided, then ¢ < C.

The radicactive liquid waste stream is diluted by the
plant discharge line prior to entry into the Misscuri
River. Normally, the dilution flow is obtained from
the ccooling tower blowdown, but should this become
unavailable, the plant water treatment facility supe
plies the necessary dilution flow via a bypass line.
The batch release limiting concentration (¢) which cor-
responds to the ligquid radwaste effluent line monitor
setpoint is to be calculated using methodology from the
expression above.

Thus, the expression for determining the setpoint on
the liquid radwaste effluent line monitor becomes:

¢ < C(F + £) (uCi/ml)
£

{2.2)
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2.2.1 Continuous Ligquid Effluent Monitors

The radiation detection monitors associated with contie
nuous liquid effluent releajes are (Ref. 9.6.1, 9.6.2):

Monitor I.D. Description
BM=RE=52 Steam Generator Blowdown
Discharge Mcnitor
LE-RE-59 Turbine Building Drain
Monitor

These effluent streams are not considered to be radi-
cactive unless radiocactivity has been detected by the
asscciated effluent radiation monitor or by laboratory
analysis. The sampling frequency, minimum analysis
frequency, and type of analysis performed are as per
Technical Specification Table 4.11-1.

The steam generator blowdown discharge monitor contie-
nuously monitors the blowdown discharge pump outlet to
detect radiocactivity due to system demineralizer break
through and to provide backup to the steam generator
blowdown process radicactivity monitor to prevent dis-
charge of radiocactive fluid. The sample point is
located on the discharge of the pump in order to moni=-
tor discharge or recycled blowdown fluid and upstream
of the discharge isolation valve to permit termination
of the radiocactive release prior to exceeding the in-
stantaneous concentration limits of 10 CFR Part 20.

The high radiocactivity alarm/trip (alarm and trip) set-
point initiates control room alarm annunciation and au-
tomatic isolation of the blowdown isolation valves and
the blowdown discharge valve.

The turbine building drain effluent monitor is provided
to monitor turbine building liquid effluents prior to
release to the environs. The fixed-volume detector as-
sembly continuously monitors the drain effluent line
upstream of the drain line isolation valve. The high
radicactivity alarm/trip setpoint initiates control
room annunciation and automatic isolation of the drain
line isclation valve t» prevent the release of radiocac-

ive fluids. The sample location ensures that all
potentially radicactive turbine building liquid ef-
fluents are monitored prior to discharge.

Each monitor channel is provided with 2 two level sys-
tem which provides sequential alarms on increasing
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Each monitor channel is provided with a two level sys=-
tem which provides sequential alarms or increasing
radiocactivity levels. These setpoints are designated
as alert setpoints and alarm/trip setpoints. (Ref.
9.6.3)

The alarm/trip setpoints are determined through the use
of Equation (2.2) methodology to ensure that Technical
Specification 3.11.1.1 limits are not exceeded at the
UNRESTRICTED AREA. The alert setpoints have been ad-
ministratively established below the alarm/trip set-
points, thus providing an additicnal margin of safely.

The alarm/trip setpoint calculations are based on the
minimum dilution flow rate (cooling tower blowdown,
S000 gpm), the maximum effluent stream flow rate, and
the actual isotopic analysis. Due to the possibility
of a simulataneous release from more than one release
pathway, a portion of the totel site release limit is
allocated to each pathway. The determination and usage
of the allocation factor is discussed in Section 2.3.1.
In the event the alarm/trip setpoint is reached, the
radiation monitor setpoint (¢), will be reevaluated us-
ing the actual dilution flow rate (F), the actual ef-
fluent stream flow rate (£f), and the actual isotopic
analysis. This evaluation will then be used to ensu:e
that Radiological Effluent Technical

Specification 3.11.1.1 limits were not exceeded.

2.2.2 Radicactive Liquid Batch Release Effluent
Monitor

The two radiation monitors which are associated with
the liquid effluent batch release systems are (Ref.
9.6.4, 9.6.5):

MONITOR I.D. Description
HB=-RE=-1§& Liquid Radwaste Discharge
Monitor
HF=RE=45 Secondary Liquid Waste

System Monitor

The liquid radwaste radiation monitor continuocusly
monitors the discharge of the liquid radwaste process-
ing system to prevent the discharge of radiocactive
fluid to the #avirons. 7The fixed-volume detector as-
sembly continucusly monitors the system discharge line
upstream of the discharge valve. The high radicactiv=-
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ity alarm/trip setpoint initiates control room alarm
annunciation and aulomatic isolation of the ligquid rad-
waste system discharge valve to terminate discharge.
The sample point is located to ensure that all potenti-
ally radiocactive fluids from the liquid radwaste
processirn; system are monitored prior to discharge.

The secondary liquid waste system discharge radiocactive
ity monitor continuously monitors secondar, liquid
waste system effluents prior to discharge to tiie
environs., The fixed-volume detector assembly monitors
the discharge line upstream of the discharge isolation
valve. The high radicactivity alarm/trip setpeint ini-
tiates control room alarm annunciation and automatic
isolation of the secondary liquid waste system dis-
charge valve to prevent the discharge of radicactive
fluid. The sample location ensures that all potenti-
ally radicactive sources from the system are monitored
prior to discharge.

The setpoint for these monitors is determired according
to the methodology described by Equation (2.2) and is a
function of the dilution flow rate (F), the radiocactive
effluent line flow rate (£) and the tank liquid ef-
fluent concentration, as determinad by a pre-release
isotopic analysis. Based on these factors, a setpoint
is calculated for the appropriate monitor to ensure
that Technical Specification 3.11.1.1 limits a .+ not
exceeded at the UNRESTRICTED AREA (Figure 5.2A,

2.3 ODCM Metihodolegy for the Determination of Liquid
Effluent Monitor Setpoints

The dependence of the setpoint (¢), on the radionuclide
distribution, yields, calibration, and monitor paramete-
ers, requivres that several variables be considered in
setpoint calculations. (Ref. 9.8.1)

2.3.1 Development of ODCM Methodology for the Determination
of Liquid Effluent Monitor Setpoints

The isotopic¢ concentration of the release being conside
ered must be determined. This is obtained from the sum
of the measured concentrations as determined by the
analysis required per Technical Specifications

Table 4.11-1:
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S5 Pt Bl (UG fagt i (O A TR

a s t F
Ed=i< L’FS
L(MPC,)i MPC, MEC, MPC, MPCFJ (2.4)
‘Yhere:
| Cq, Ca, Cs, Ct, CF = measured concentrations as
defined in 2.3.1.1. Terms Ca, Cs‘ CF' and ct

will be included in the calculation as
appropriate.

MPC MPCS, MPC‘, MPCE, MPC = are limiting concentra-

t
tions of the appropriate radionuclides from
10CFR 20, Appendix B, Table II, Column 2. For
dissolved or entrained noble gases, the
concentratinn shall be limited to

2x107* uCi/ml total activity.

ql

F_ = the safety factor; a conservative factor used

to compensate for statistical fluctuations and
errors of measuvements. (For example,
Fs = 0.5 corre=zponds to a 100 percent

variation.) Default value is Fs = 0.9.
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For the case Ed < 1, the monitor tank eflluent concen=

tration meets the limits of Radiological Effluent Tech-
nical Specification 3.11.1.1 without dilution and the
effluent may be released at any desired flow rate. If
Fd > 1 then dilution is required to ensure compliance

with Technical Specification 3.11.1.1 concentration
limits. If simultaneous releases are occuring or are
anticipated, a modified dilution factor (Fdn), must be

determined so that available dilution flow may be ap=-
portioned among simultaneous discharge pathways.

F_ = the allcoccation factor which will modify the

required dilution factor such that
simultaneous liquid releases may be made
without exceeding the limits of Technical Spe-
slfication 3.11,1.1.

The most straight-forward determination of the alloca-
tion factor is:

. &
s ®n
Where:
n= the number of liquid discharge pathways for
which Fd > 1 and which are planned for

simultanecus release.

However, this value for Fa may be unnecessarily res-

trictive in that all release pathways are apportioned
the same fraction of the available dilution stream,

(2.

5)

.8)
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regardless of the relative concentrations of each of
the sources.

Since the radionuclide concentration of the two conti-
nuous sources is less than that of the batch release
source, it is acceptable to allocate smaller portions
of the dilution stream to the continuous releases and a
larger portion to the batch releases.

Therefore, F‘ is necessarily defined as a flexible

quantity with a default value of 1/n. Prior to initi-
ating a simultaneous release, a check must be made to

assure that the sum ¢f the allocation factors assigned
to pathways for the simultaneous release is < 1.

The calculated maximum permissible waste tank effluent
flow rate, (fmax)' is based on the modified dilution
factor, (Fdn), and the effective dilution flow rate,
(Feff)' The effective dilution flow rate is given by:

F = (O.9)E‘e

eff

Wnere:

F_ = the cooling tower blowdown flow rate and/or
bypass dilution flow.

A conservative value for Fe would be the minimum allow~

able cooling tower blowdown of 5000gpm which is used as
a default value,

(2.7)
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Having established the values of Fd,1 and Feff’ the cal-

culated maximum permissible waste tank flow rate can be
calculated by.

F + £ F

f < eff p eff (for £

max - p << Eeff)

dn dn

wWhere:

fp = the expected undiluted effluent flow rate.

Thus, the effluent flow rate is set at or below fmax'
Even though the value of fmax may be larger than the
actual effluent pump capacity, (fp), it does represent

the upper limit to the effluent flow rate whereby the
requirements of Technical Specification 3.11.1.1 may
still be met. If 4 £ 1, the effluent flow rate set-

point may be assigned any value since the waste tank
effluent concentration meets the limits of Technical
Specification 3.11.1.1 without dilution and the release
may be made without regard to the setpoints for other
release pathways. For those discharge pathways
selected to be secured during the release under consid=-
eration, the flow rate setpoint should be set at as low
a value as practicable to detect any inadvertent
release.

The liquid radiation monitor setpoint may now be deter-

mined based on the values of CT’ and fmax’ which were

specified to provide compliance with the limits of
Technical Specification 3.11.1.1.

The monitor response is primarily to gamma radiation,
therefore, the actual setpoint is based on i(cg)*‘ The

calculated monitor setpoint concentration is determined
as follows:

(2.8)
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c=AI(C )y MCi_
1 9 ml

(Refer to Note (2.9)
Following)
Where:
A= Adjustment factor which will allow the set-

point to be established in a practizal manner
for convenience and to prevent spurious
alarms.

A = "max (Refer to Note (2:40)
4 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 Fdn and Feff (i.e., reduce effluent

flow rate or return radwaste for
reprocessing).

NOTE

I1f Fd < 1, no further dilution is required and the

release may be made without regard to available dilu-
tion or to other releases made simultanecusly. How=
ever, it is necessary to establish a monitor setpoint
which will provide alarm should the release concentra=-

| tion inadvertently exceed Technical Specification
3.11.1.1 limits. This can be accomplished by esta-
blishing the adjustment factor as follows:

A= 1 (2.11)
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2.3.2 Summary, Setpoint Calculation Methodology
for Liquid Effluent Monitors

The methodology described in 2.3.1 is used to determine
setpoints for each of the radiation monitors assigned
an effluent monitoring function. The limiting release
concentration can be increased by reducing the dis-
charge flow-rate and by increasing the cooling tower
blowdown flow-rate.

2.4 Liquid Effluent Concentration Measurements

2.4.1 Technical Specification 3.11.1.1

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

2.4.2 Ligquid Effluent Concentra ‘on Measurements

Ligquid batch releases are discharged as a discrete
volume and each release is authorized based upon the
sample analysis and the dilution flow rate existing in
the discharge line at time of release. To assure re=
presentative sampling, each liquid monitor tank is
isolated and thoroughly mixed by recirculation of tank
contents prior to sample collection. The methods for
mixing, sampling, and analyzing each batch are outlined
in applicable plant procedures. The allowable release
rate limi%t is calculated for each batch based upon the
pre-re’ ease analysis, dilution flow-rate, and other
procedural conditions, prior to authorization for
release. The radwaste liguid effluent discharge is
monitored prior to entering the dilution discharge line
and will automatically be terminated if the pre-
selected alarm/trip setpoint is exceeded. Concentra-
tions are determined primarily from the gamma isotopic,
H=-3, & gross alpha analyses of the ligquid batch sample.
For Sr-89, Sr-90, & Fe-55, the measured concentration
from the previous composite analysis is used. Compo-
site samples are cocllected for each batch release and
quarterly analyses are performed in accordance with
Technical Specification Table 4.11-1.
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2.5.3 0ODCM Methodology for Determining Dose Contributions
From Ligquid Effluents

2.5.3.1 Calculation of Dose Contributions

The dose contributions for the total time period

are calculated at least once each 31 days and a cumula-
tive summation of the total body and individual organ
doses is maintained for each calendar quarter. These
dose contributions are calculated for all radionuclides
identified in liquid effluents released to UNRESTRICTED
AREAS using the following expression (Ref. 9.8.3)

m
Dt =i (Alt i Att cil Ft] (2.12)
i e=1

Where:

Dt - the cumulative dose commitment to the total
body or any organ, t, from the liquid ef-
fluents for the total period

m

2Atl

=1
in mrem.

Atl - the length of the tth time period over which
Cie and ¥, are averaged for all liquid
releases, in hours.

cit = the average measured concentration of radionu=-

clide, i, in undiluted liquid effluent during
time period Att from any liquid release, in

(uCi/ml).
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Ait - the site related ingestion dose commitment

factor to the total body or any organ t for
each identified principal gamma and beta emit~
[ ter listed in Technical Specifications,
| Table 4.11-1, (in mrem/hr) per (uCi/ml).
These factors are given in Table 1, as derived
through the use of Egquation (2.16).

Ft = the near field average dilution factor for cil
during any liquid effluent release.
| ft = fmax
l (£, + £.,,) 89.77
| Where:
| fmax o maximum undiluted effluent flow rate during
| the release
| f.e = average flow rate from the site discharge

| structure to unrestricted receiving waters
| (dilution flow)

| 89.77 = site specific applicable factor for the mixing
| effect of the discharge structure. (Ref 9.5.1)

| The term cil is the undiluted concentration of radioac-

tive material in liquid waste at the common release
| poeint determined in accordance with Technical Specifi-
| cation 3.11.1.1, Table 4.11-1, "Radiocactive Ligquid
| Waste Sampling and Analysis Program”". All dilution
factors beyond the sample point(s) are included in the

F! term.
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2.5.4 Summary, 6 Determination of Individual Dose
Due to Ligquid Effluents

The dose contribution for the total time period

m
lat,

=1

is determined by calculation at least once per 31 days
and a cumulative summaticn of the total body and organ
doses is maintained for each calendar quarter. The
projected dose contribution from liquid effluents for
which radionuclide concentrations are determined by
periodic composite and grab sample analysis, may be ap-
proximated by using the last measured value. Dose con-
tributions are determined for all radionuclides identi=-
fied 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.

- 190 =



TABLE 1

INGESTION DOSE COMMITMENT FACTOR (Ait) FOR ADULT AGE GROUP

(mrem-hr per uci-ml)

| I I | Total | I I I I
[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-01]|
| C=14 |3.13E+404|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=51 |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 |1.34E+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+03]2.44E+03 |9.34E+02|No Data |No Data |6.81E+02|8.13E+03|
| Co-58 [No Data |8.94E+01 |2.00E+02|No Data |[No Data |No Data |1.81E+03| o
| Co=60 |No Data |2.57E+02 |5.66E+02|No Data |No Data |[No Data |4.82E+03|
| Ni=63 |3.11E+04|2.15E+03 |1.04E+03|No Data |No Data |No Data |4.49E+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+01|No Data |8.52E+02|
| Zn=65 |2.32E+04|7.38E+04 |3.33E+04|No Data |4.93E+04|No Data |4.65E+04|
| 2a-69 |4.93E+01|9.44E+01 |6.56E+00|No Data |6.13E+01|No Data |1.42%5+01|
| Br-83 [No Data |No Data |4.04E+01|No Data |[No Data |No Data |5.81E+01]|
| Br-84 |No Data |No Data |5.26E+01|No Data |No Data |No Data |4.13E-04|
| Br-85 |No Data |No Data |[2.15E+00|No Data |No Data |No Data | 0 |
| Rb-86 |No Data |1.01E+05 |4.71E+04|No Data |No Data |No Data |1.99E+04|
| Rb-88 |No Data |2.90E+02 |1.54E+02|No Data |No Data |No Data |4.00E-09|
| Rb-89 |No Data |1.92E+02 |1.35E+02|No Data |No Data |No Data |1.12E-11|
| Sr-89 |2.21E+04|No Data |6.35E+02|No Data |[No Data |No Data |3.55E+03|
| Sr=90 |5.44E+05|No Data |1.34E+0S5|No Data |No Data |No Data |[1.57E+04|
| Sr-91 |4.07E+02|No Data |1.64E+01|No Data |[No Data |No Data |1.94E+03|
| 8Sr=92 |1.54E+02|No Data '6.68E+00|No Data |No Data |No Data |3.06E+03|
| Y-90 |5.75E-01|No Data |1.54E-02|No Data |No Data |No Data |6.10E+03|
| Y=91M |5.44E-03|No Data |2.10E-04|No Data |No Data |No Data |1.60E-02]
| Y-91 |8.43E+00|No Data |[2.25E-01|No Data |No Data |No Data |4.64E+03|
| Y-92 |5.05E-02|No Data |1.48E-03|No Data |No Data |No Data |8.85E+02|
| Y=93 |1.60E-01|No Data |&4.42E-03|No Data |[No Data |[No Data |5.08E+03|
| 2r=95 |2.40E-01|7.70E-02 |5.21E-02|No Data |1.21E-01|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+02|No Data |1.51E+06|
| Mo=99 |No Data |1.03E+02 |1.96E+01|No Data |2.33E+02|No Data |2.39E+02|
| Tc-99M|8.87E-03|2.51E-02 |3.19E-01|No Data |3.81E-01|1.23E-02|1.48E+01]|
| Te=101(/9.11E-03|1.31E-02 |1.29E-01|No Data |2.36E-01]6.70E-03| 0 |
| Ru=103|4.42E+00|No Data |1.90E+00|No Data |1.69E+01|No Data |5.17E+02|
| Ru=105|3.68E-01|No Data |1.45E-01|No Data |[&4.76E+00|No Data |2.25E+02|
| Ru=106/6.57E+401|No Data |8.32E+00|No Data |1.27E+02|No Data |&4.25E+03|

.« 20 -




TABLE 1 (Continued)

INGESTION DOSE COMMITMENT FACTOR (Ait) FOR ADULT AGE GROUP

(mrem=

hr per

yci-ml)

[Nuclide| Bone |

Liver

| Total |

|

Body

| Thyroid

| Kidney |

Lung

| GI-LLI |

|Te=125M|2.
|Te-=127M|6.

|Te=127

1.

|Te=129M| 1.

|Te=129

|3.

[Te=131M]1.

|Te=131
|Te=132
|I-130
|I-131

|I-132
11-133
|I-134
|I-135
|Cs=134

|Cs=136
|[Cs=137
|Cs~138
|Ba=-139
|Ba~140

|Ba-141
|Ba~142
|La=140
{La=142
[Ce=141

[Cae~143
[Ca~144
[Pr-143
[Nd=147
|W=187

|Np=239

.
|2.
2.
1.

STE+Q03(9.
47E+03(2.
0SE+02]3.
10E+04 4.
01E+01]1.

66E+03|8.
89E+01]7.
41E+03|1.
71E+401]8.
49E+02]|2.

.29E+00| 1.
.10E+01]8.
.81E+00]|1.
.S9E+01 (4.
.98E+05|7.

L12E+04(1.
.82E+05]5.
.B4E+02]5.
9.29E-01|6.
.94E+02]2.

.S0E-01]3.
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2.6 LIQUID RADWASTE TREATMENT SYSTEM

| 2.6.1 Technical Specification 3.11.1.3

The LIQUID RADWASTE TREATMENT SYSTEM Shall be OPERABLE
and appropriate portions of the system shall be used to
reduce releases of radiocactivty 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 to any organ in a 31 day period.

| 2.6.2 OPERABILITY Of The LIQUID RADWASTE TREATMENT SYSTEM

The LIQUID RADWASTE TREATMENT SYSTEM is capable of
varying treatment, depending on waste type and product
desired. It is capable of concentrating, gas strip-
ping, and distillation of liquid wastes through the use
of the evaporator system. The demineralization system
is capable of removing radicactive ions from solutions
to be reused as makeup water. Filtration is performed
on certain liquid wastes and it may, in some cases, be
the only required treatment prior to release. The sys-
tem has the ability to absorb halida2s through the use
of chaicoal filters prior to their release.

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

The OPERABILITY of the LIQUID RADWASTE TREATMENT SYSTEM

ensures this system will be available for use when

liquids require treatment prior to their release to the

environment. OPERABILITY is demonstrated through com=-
| pliance with Technical Specifications 3.11.1.1 and

< [ I s -

| Projected doses due to liquid releases to UNRESTRICTED
| AREAS are determined each 31 days by dividing the cum~
| mulative annual total by the number of elapsed months.



3.0 CASEQUS EFFLUENTS

| 3.1 Technical Specification 3.35.3.11

The radiocactive gasecus effluent monitoring instrumen-
tation channels shall be OPERABLE with their Alarm/Trip
Setpoints set to ensure that the limits of Specifica-
tion 3.11.2.1 are not exceeded. The Alarm/Trip Set-
points of these channels shall be adjusted to the
values determined in accordance with the methodology
and parameters in the ODCM.

| 3.2 Technical Specification 3.11.2.1

The dose rate due to radiocactive materials released in
gaseous effluents from the site to areas at and beyond
the SITE BOUNDARY shall be limited to the following:

a. For noble gases: Less than or equal to 500 mrem/yr
to the total body and less than or equal to 3000
mrem/yr to the skin, and

b. For lodine = 131 and 133, for tritium, and for all
radionuclides in particulate form with half lives
greater than 8 days: Less than or egqual to 1500
mrem/yr. to any organ, from the inhalation pathway
only. '

3.3 GCaseous Effluent Monitors

Noble gas activity monitors, iodine monitors, and par-

ticulate monitors are present on the containment build-
ing ventilation system, plant unit ventilation system,

and radwaste building ventilation system.

The alarm/trip (alarm & trip) setpoint for any gaseous
effluent radiation monitor is determined based on the
instantaneous noble gas total body and skin dose rate
limits of Technical Specification 3.11.2.1, at the SITE
BOUNDARY location with the highest annual average X/Q
value. (Figure 5.1B)

Each monitor channel is provided with a two level sys-
tem which provides sequential alarms on increasing
radicactivity levels. These setpoints are designated
as alert setpoints and alarm/trip setpoints. (Ref.
9.6.3)
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The radiation monitor alarm/trip setpoints for each
release point are based on the radiocactive noble gases
in gaseous effluents. It is not considered practicable
to apply instantaneous alarm/trip setpoints to intee
grating radiation monitors sensitive to radioiodines,
radiocactive materials in particulate form and radionu-
clides other than noble gases. Conservative assump-
tions may be necessary in establishing setpoints to ac-
count for system variables, such as the measurement
system efficiency and detection capabilities during
normal, anticipated, and unusual operating conditions,
the variability in release flow and principal radionu-
clides, and the time lag between alarm/trip action and
the final isolation of the radiocactive effluent. (Ref.
9.8.6.) Technical Specifications Table 4.3-13 provides
the instrument surveillance requirements, such as cali=-
bration, source checking, functional testing, and chan-
nel checking.

3.3.1 Continuous Release GCaseous Effluent Monitors

The radiation detection monitors associated with conti=-
nuous gaseous effluent releases are (Ref. 9.6.8,
9.6.9):

Monitor I.D. Description
GT=-RE-21 Unit Vent
CH=-RE-10 Radwaste Building Vent

The Unit Vent monitor continuously monitors the ef-
fluent from the unit vent for particulate, iodine
(halogen), and gaseocus radiocactivity. The unit vent,
via ventilation exhaust systems, continucusly purges
various tanks and sumps normally containing low-level
radicactive aerated liquids that can potentially gener-
ate airborne activity.

The exhaust systems which supply air to the unit vent
are from the fuel building, auxiliary building, the ac-
cess control area, the containment purge, and the cone
denser air discharge.
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All of these systems are filtered before they exhaust
to the unit vent. The unit vent moni%or measures ac-
tual plant effluents and not inplant concentrations.
Thus, the system continuously monitors downstream of
the last point of potential radiocactivity entry. The
monitoring system consists of an off-line, three-way
airborne radioactivity monitor. An isokinetic sampling
probe is located downstream of the last point of poten-
tial radicactivity entry for sample collection.

The sample extracted by the isckinetic nozzle is passed
through the fixed filter (particulate), charcoal filter
(iodine), and fixed-volume (gaseous) detector assem=-
blies and then through the pumping system for discharge
back to the unit vent. Indication is provided on th
radicactivity monitoring system CRT in the control
room.

The Radwaste Building Ventilation effluent monitor cone
tinuously monitors for particulate, halogen, and
gaseous radicactivity in the effluent duct downstream
of the exhaust filter and fans. The sample point is
located downstream of the last possiple point of radie
cactive influent, including the waste gas decay tank
discharge line. The flow path provides ventilation ex-
haust for all parts of the building structure and com=
ponents within the building and provides a discharge
path for the waste gas decay tank release line. These
components represent potential socurces for the release
of gaseous and air particulate and iodine activities in
addition to the drainage sumps, tanks, and equipment
purged by the waste processing system.

The monitoring system consists of a fixed filter par-
ticulate monitor, an iodine monitor, and gaseous active
ity monitor.

The sample is extracted through an isokinetic nozzle to
ensure that a representative sample of the air is ob-
tained prior to release to the environment. After
passing through the fixed filter (particulate), char-
coal filter (halogen), and fixec-volume (noble gas)
detector assemblies and the pumping system, the sample
is discharged back to the exhaust duct. Indication is
provided on the radiation monitoring system CRT in the
contrel room.

This monitor will isolate the waste gas decay tank dis-
charge line if the radioactivity release rate is above
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the present limit when the wasta gas discharge valve
has been deliberately c¢:r inadvertently opened.

The continuous gaseous effluent monitor setpoints are
established usinrg the methodology described in Section
3.4. Since there are two continuous gaseous effluent
release points, a fraction of the total MPC will be al-
located to each release point. Neglecting the batch
releases, the plant Unit Vent monitor has been allo-
cated 0.7 MPC and the Padwaste Building Vent monitor
has been allccated 0.3 MPC. These will be changed as
required, but limited to 1 MPC. Therefore, a particu-
lar monitor reaching the fractional MPC setpoint would
not necessarily m 1 the MPC limit at the site boundary
is being exceedec he alarm only indicates that the
specific release ,..int is contributing a greater frac-
tion of the MPC limit than was allocated to the associ=-
ated monitor and will necessitate an evaluation of both
systems.

3.3.2 Batch Releas¢ Saseous Mcnitors

The radiation monitors associated with batch release
gaseocus effluents are (Ref. 9.6.9, 9.6.10, 9.6.11):

Monitor I.D. Description
GT-RE~22 Containment Purge Syctem Monitors
GT-RE-33
CT-RE-31 Containment Atmosphere Radiocactivity
GT=-RE=32 Monitors
CH=-RE-10 Padwaste Building Vent

The Containment Purge System continuously mcnitcrs the
coiita: ament purge exhaust duct during purge operations
for particulate, iodine, and gaseous radicactivity.
The purpose cf these monitors is to isolate the con-
tainment purge system on high gaseocus activity wvia the
ESFAS. These monitors also serve as backup indicaticn
for personnel protection and reactor cevolant p.assure
boundary leakage Jetection for the containment at-
mosphere radicactivity monitors.

The sample points are located ocutside tihe containment
between the containment isolation dampers and the con-
tainment purge filter adsorber unit.

-1
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Each monitor is provided with two isokinetic nozzles to
ensure that representative samples are obtained for
both normal purge and minipurge flow rates. The sample
is extracted through the selected nozzle and then
passed through the selector valve, the fixed filter
(particulate), charcoal filter (iodine), and
fixed-volume gaseous detectors. The sample then passes
through the pumping system 2i1 is discharged back to
the duct.

Indication is provided for each monitor on individual
indicators on the radiocactivity monitoring system con=-
trol panel and, through isoclated signals, on the radio-
activity monitoring system CRT in the control room.

The Containment Atmosphere Radicactivity monitors, con-
tinuously monitor the containment atmosphere for par-
ticulate, iodine, and gaseous radicactivity. They
isclate the containment purge system on high gaseous
activity via the ESFAS. These monitors also serve for
reactor coolant pressure boundary leakage detection and
for personnel protection. The containment atmosphere
radiocactivity monitors provide backup indication for
the containment purge monitors.

Samples are extracted from the operating deck level
(ELlL. 2047'-6") through sample lines which penetrate the
containment. The monitors are located as close as
possible to the containment penetrations to minimize
the length of the sample tubing and the effects of sam=-
ple plate out. The sample points are located in areas
which ensure that representative samples are obtained.
Each sample passes through the penetration, then
through the fixed filter (particulate), charcoal filter
(iodine), and fixed-volume gaseous detector assemblies.
After passing through the pumping system, the sample is
discharged back to the containment through a separate
penetration.

Indication is provided for each monitor con individual
indicators on the radicactivity monitering system cone
trol panel and, through isolated signals, on the radio-
activity monitoring system CRT in the control room.

The Radwaste Building Vent monitors are described in
section 3.3.1.

The batch gaseous effluent mecnitors setpoints are nor=
mally established using the methodology described in
Section 3.4.
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Effluent Technical Specification 3.11.2.1.
The default value is l/n, where n is the num-
ber of pathways planned for release.

Rtb = factor usad to convert dose rate to the ef=-

fluent concentration as measured by the ef-
fluent monitor, in (uCi/cc) per (mrer,vr) to
the total body, determined according *o:

Rep = C ¢ [(X7Q) i KQl (3.2)

Where:

cC = monitor reading of a noble gas monitor cor-
responding to the sample radionuclide concen-
trations for the batch to be released.
Concentrations are determined in accordance
with Technical Specifications Table 4.11-2.
The mixture of radionuclides determined via
grab sampling of the effluent stream or source
is correlated to a calibration factor to
determine monitor response. The monitor
response is based on concentrations, not
release rate, and is in units of (uCi/cec).

X/Q = the highest calculated annual average relative
concentration for any area at or beyond the

SITE BOUNDARY in (soc/m3). Refer to
Tables 9, 10, and 12.

V]
i

the total body dose factor due to gamma emis-
sions for each identified noble gas radionu-
clide, in (mrem/yr) per (uCi/m3). (Table 3)

10
1]

rate of release of noble gas radionuclide, i,

in (uCi/sec).




Rev. 4

Qi is calculated as the product of the ven-

tilation path design flow rate and the meas-
ured activity of the effluent stream as deter=-
mined 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.

J.4.1.2 Skin Dose Rate Setpoint Calculation

| To ensure that the limits of Technical Specification
3.11.2.1 are met, the alarm/trip setpoint based on the
skin dose rate is calculated according to:

S, < D,RFF, (3.3)

Where:

F. and F. are as previously defined in Section 3.4.1.1.

S8 = the alarm/trip setpoint based on the skin dose
rate.
| Ds = Technical Specification 3.11.2.1 limit of 3000

mrem/yr, conservatively interpreted as a con-
tinuous release over a one year periocd.

« 31 »
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factor used to convert dosi2 rate ¢o the ef-

fluent concentration as measured by the ef-
fluent monitor, in (uCi/cc) per (mrem/yr) to
the skin, determined according to:

Rg = C + [(X/Q) T (L + 1.1M;) Q]

s
i

Li = the skin dose factor due to beta emissions for
each identified noble gas radionuclide. in
(mrem/yr) per (uCi/m3). (Table 3)

1.1 = conversion factor: 1 mrad air dose = 1.1 mrem
skin dose.
Mi = the air dose factor due to gamma emissions for

each identified noble gas radionuclide, in
(mrad/yr) per (uCi/m3). (Table 3)

¢, (X/Q) and Q, are as previously defined.

3.4.1.3 Gasecus Effluent Monitors Setpoint
Determination

The results of Equation (3.1) and Equation (3.3) are
compared. The setpoint is then selected as the lesser
of the two values.



JABLE 3
DOSE FACTORS FOR EXPOSURE TO A SEMI-INFINITE CLOUD OF NOBLE GASES"
Total Body Gamma Air Beta Air
Dose factor Skin Dose Factor Dose factor bose Factor

K L M, N
Rad ionuct ide (-m/yr)'por (VCi/m3) (wmrem/yr) ;or (BCi/m3) (mrad/yr) per (UCi/m?) (.rod/y:-) per (HCi/m3)

Kr-83im 7.56 £-02 - - 1.93 £+01 2.88 £+02
Kr-85m 1.17 £+03 1.46 £+03 1.23 £+03 1.97 E+03
Kr-85 1.61 E+O00 1.34 E+03 1.72 £+01 1.9% £+03
Kr-87 5.92 £E+03 9.73 £+03 6.17 £+03 1.03 £+04
Kr-88 .87 EvON 2.1 €403 1.952 E+04 2.93 t+03
Kr-89 1.66 E£+04 1.07 £E+04 1.73 £+04 .06 E+0N
Kr-990 1.56 E+04 1.29 £+03 1.63 E+04 7.83 £+03
Xe-131m 9.15 £+01 4.76 £+02 1.56 £+02 .11 E+03
Xe-133m 2.51 £v02 9.94 £+02 3.27 €202 1.48 £+03
Xe-133 2.94 02 3.06 £+02 3.53 £+02 1.05 £+03
Xe-135m 3.12 £+03 7.11 E+02 3.36 £+03 7.39 E+02
Xe-135 1.81 £+03 1.86 £+03 1.92 £+C3 2.46 £E403
Xe-137 1.42 £+03 1.22 E+04 1.5 £+03 1.27 E+ol
Xe-138 8.83 £+03 4.13 £+03 9.21 E+03 .75 E+03
Ar-41 8.84 E+03 2.69 £+03 9.30 £+03 3.28 £+03

(a) The listed dose factors are derived from Reg. Guide 1,109, Table B8-1 (Rev. 1, 1977).

-33-
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J.4.2 Summary, GCaseous Effluent Monitors Setpoint
Detarmination

The gaseous effluent monitors setpoints are calculated
according to egquations (3.1) and (3.3), as described in
Section 3.4. However, it should be noted that a batch
release will alter the flow rate characteristics at the
Unit Vent and therefore the concentration as sensed by
the monitor. For example, in the case of a mini-purge,
the setpoint for the Unit Vent monitor must be re-
calculated to include both the continuocus and batch
sources.

3.5 ODCM Methodology for Determining Dose Contributions

From Gaseous Effluents

Dose rate calculations are performed for gaseous ef=-
fluents to ensure compl.ance with Radiological Effluent
Technical Specification 3.11.2.1 as stated in Section
3.8.

3.5.1 Determnination of Dose Rate

The following methodology is applicable to the location
(SITE BOUNDARY or beyond) characterized by the values
of the parameter (X/Q) which results in the maximum
tctal bedy or skin dose rate. In the event that the
analysis indicates a different location for the total
body and skin dose limitations, the location selected
for consideration is that which minimizes the allowable
release values, (Ref. 9.8.7)

The factors Ki, Li’

borne concentrations to various duse rates, assuming a
semi-infinite cloud model, and are tabulated in
Table 3.

and Mi relate the radionuclide air-

3.5.1.1 Noble Cases

The release rate limit for noble gases is determined
according to the following general relationships (Ref.
2.8.7):

D

ep = 1 K, ((X/R)Q,)] < 500 mrem/yr

i

(3.5)
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3.5.1.2 Radionuclides Other Than Noble GCases

The release rate limit for I[odine~131 and-133, for tri-
tium, and for all radiocactive materials in particulate
form with half lives greater than 8 days is determined
according to (Ref. 9.8.3):

D, = ¢ Pi[(m)qi1 < 1500 mrem/yr

i

Where:

D° = Dose rata to any critical organ, in (mrem/yr).

Pi - Dose paramveter for radionuclides other than
nocble gases for the inhalation pathway for the
child, based »>n the critical organ, in
(mrem/yr) pe. (uCi/m?). (Table 4)

Qi= The release rate of radionuclide, i, in

gaseous effluents, from all vent releases, in
(uCi/sec). Qi is calculated as the product ¢¢

the ventilation path design flow rate and the
measured activity of the effluent stream as
determined py 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 = previously defined.

The dose parameter (Pi) includes the internal dosimetry

of radionuc.ide, i, and the receptor's breathing rate,
which are functions of the receptor's age. Therefore
the child age g.oup has been selected as the limiting
age group.

(3.7)
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For the child exposure, separate values of Pi are tabu=-

lated in Table 4 for the inhalation pathway. These
values were calculated according to (Ref. 9.8.9):

P, = K' (BR) DFA,

i
Where:
K' = Units conversion factor: luCi = 1E06 pCi.
BR= The breathing rate of the maximum exposed

child age group, 3700 m’/yr. (Regulatory
Cuide 1.109, Table E=5).
DFA, = The maximum organ inhalation dose factor for

the child age group for the ith radionuclide,
in (mrem/pCi). The total body is considered
as an organ in the selection of DEAi.

(Regulatory Guide 1.109, Table E=-9)

Note: All radiciodines are assumed to be released in
elemental form. (Ref.9.8.8)

« 37 =

(3.8)
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TABLE 4

DOSE PARAMETER (Pi) FOR RADIONUCLIDES OTHER THAN NOBLE GASES

Inhalation Pathway

(mrem/yr) per (uCi/m?)

| [ [ | Total | | I I I
[Nuclide| Bone | Liver | Body | Thyroid | Kidney | Lung | GI-LLI |

| H=3 | ND  |1.12E3 |1.12E3 |1.12E3 |1.12E3 |1.12E3 |1.12E3 |
| C-14 |3.59E4 |6.73E3 |6.73E3 |6.73E3 [6.73E3 |6.73E3 |6.73E3 |
| Na=26 |1.61E4 |1.61E6 |1.61E4 |1.61E4 |1.61E4 |1.61E4 |1.61E4 |
| P32 |2.60E6 |[1.14E5 [9.88E4 | ND | ND | ND  |[4.22E4 |
| Cz=51 | ND | ND |1.54E2 |8.55E1l |2.43E1 |1.70E4 |1.08E3 |

| Mn=54 | ND |4.29E64 |9.51E3 | ND [1.00E4 |1.58E6 12.29E4 |
| Mn-56 | ND |1.66E0 3.12E-1 | ND |1.67E0 |1.31E4 |1.23E5 |
" | Fe-=55 |4.74E4 |2.52E4 7.72E3 | ND | ND |1.11E5 |2.87E3 |
| Fe=59 [2.07E4 |3.34E4 |1.67E4 | ND | ND |1.27E6 |[7.07E4 |
| Co=58 | ND [1.77E3  |3.16E3 | ND | ND [1.11E6 |3.44E4 |
| Co=60 | ND [1.31E4 |2.26E4 | ND | ND 7.07E6 |9.26E4 |
| Ni-63 |8.21E5 |«.63E4 |2.80E4 | ND | ND 2.75ES |6.33E3 |
| Ni-65 |2.99E0 |[2.96E-1 |1.64E-1 | ND | ND [8.18E3 |8.40E4 |
| Cu=64 | ND [1.99E0 |1.07E0 | ND |6.03E0 |9.58E3 |3.67E4 |
| 2n-65 |4.26E4 1.13ES5 |7.03E4 | ND |7.14E4 |9.95ES |1.63E4 |
| 2n-63 |6.70E-2 |9.66E-2 |8.92E-3 | ND |5.85E-2 |1.42E3 |1.02E4 |
| Br-83 | ND | ND I14.74E2 | ND | ND | ND | 0 |
| Br-84 | ND | ND |5.48E2 | ND | ND | ND | 0 |
| Br=85 | ND | ND |2.53E1 | ND | ND [ ND | 0 |
| Rb-86 | ND ! .. 98ES |1.14E5 | ND | ND | ND |7.99E3 |
| Rc-R8 | ND 5.62E2 |3.66E2 | ND ND ND
| Rb-89 | ND 13.45B2 |2.90E2 | ND ND
| Sr-89 |5.99E5 , ND |1.72E4 | ND ND
| Sr-90 |1.01£8 | ND 6.44E6 | ND ND
| Sr-91 |1.21E2 | 'O 4.59E0 | ND ND




I
I
|
|
I
I
I
I
|
I
I

TABLE 4 (Cont'd.)
DOSE PARAMETER (Pi) FOR RADIONUCLIDES OTHER THAN NOBLE GASES »

Inhalation Pathway

(mrem/yr) per (uCi/m’)

I I | Total | I | | |
INuclide| Bone | Liver | Body | Thyroid | Kidney | Lung | GI-LLI |
Sr-92 |1.31E1 | ND |S.25E-1 | ND | ND [2.40E4 |2.42E5 |
Y-90 |4.11E3 | ND [1.11E2 | ND | ND |2.62E5 |2.68ES |
Y-91m [5.07E-1 | ND |1.84E-2 | ND | ND |2,81E3 |1.72E3 |
Y-91 |9.14E5 | ND |2.44E4 | ND | ND |2.63E6 |1.84E5 |
Y-92 |[2.04E1 | ND |5.81E<1 | ND | ND |2.3984 |2.39E5 |
Y-93 |1.86E2 | ND |5.11E0 | ND | ND |7.44E4 |3.89E5 |
Zr-95 |1.90E5 |4.18E4 [3.70E4 | ND [5.96E4 |2.23E6 |6.11E4 |
2r-97 |1.88E2 |[2.72E1 |1.60E1 | ND [3.89E1 |[1.13E5 |3.51E5 |
Nb-95 |2.33E4 [9.18E3 |6.55E3 | ND |8.62E3 |6.14ES5 |3.70E4 |
Mo=99 | ND |1.72E2 |4.26E1 | ND |3.92E2 |1.35E5 |1.27E5 |
Tc-99m|1.78E-3 |3.48E-3 |5.77E-2 | ND |5.07E-2 |9.51E2 |4.81E3 |
Tc-101|8.10E-5 |8.51E-5 |1.08E-3 | ND |1.45E-3 |5.85E2 |[1.63El
Ru-103|2.79E3 | ND |1.07E3 | ND |7.03E3 |6.62E5 |4.48E4 |
Ru-105|1.53E0 | ND |5.55E-1 | ND [1.34E0 |1.59E4 |9.95E4 |
Ru-106{/1.36ES | ND |1.69E4 | ND [1.84E5 |1.43E7 |4.29E5 |
|Ag=110m|1.69E4 |1.14E4 |9.14E3 | ND |2.12E4 |5.48E6 |1.00E5 !
|Te-125m|6.73E3 |2.33E3 |9.14E2 |1.92E3 | ND 4.7788 (2.leF% |
|Te=127m|2.49E4 |8.55E3 |3.02E3 |6.07E3 |6.36E4 |1.48E5 |7.14E4 |
|Te=127 |2.77E0 |9.51E-1 |6.11E-1 |1.96E0 |7.07E0 |1.00E4 |5.62E4 |
|Te=129m|1.92E4 |6.85E3 |3.04E3 |6.33E3 |5.03E4 1.76E6 |1.82E5 |
|Te-129 |9.77E-2 |3.50E-2 |2.38E-2 |7.14E-2 |2.57E-1 |2.93E3 |2.55E4 |
|Te=131m|1.34E2 |5.92E1 |S.07E1 |9.77E1 |$.00E2 |2.06E5 |3.08E5 |
|Te=131 [2.17E-2 |8.44E-3 |[6.59E-3 |1.7CE-2 |5.88E-2 |2.0SE3 |1.33E3 |
|Te-132 |4.81E2 |2.72E2 |2.63E2 |3.17E2 |1.77E3 |3.77E5 |1.38E5 |
|I-130 |8.18E3 |1.64E4  |8.44E3 |1.85E6 |2.45E4 | ND |5.11E3 |
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Inhalation Pathway

(mrem/yr) per (uCi/m?)

l | | | Total | I | I pd
[Nuclide| Bone | Liver | Body | Thyroid | Kidney | Lung | GI-LLI |
[I-231 |4.81E4 |4.81E4 |2.73E4 |1.62E7 |7.88E4 | ND |2.84E3 |
[I-132 |2.12E3 |4.07E3 |1.88E3 |1.94ES |6.25E3 | ND |3.20E3 |
|I-133 |1.66E4 |2.03E4 |7.70E3 |3.85E6 |13.38E4 | ND |5.48E3 |
[I-134 |[1.17E3 |[2.16E3 |9.95E2 |5.07E4 [3.30E3 | ND |9.55E2 |
|1-135 |4.92E3 |8.73E3 |&.14E3 |7.92ES |1.34E4 | ND |4.44E3
|Cs-134 |6.51ES |1.01E6 |2.25E5 | ND |3.03ES |1.21E5 |3.85E3 |
|Cs-136 |6.51E4 |1.71E5 |1.16E5 | ND [9.55E4 |1.45E4 |4.18E3 |
|Cs=137 |9.07E5 |8.25ES |1.28E5 | ND |2.72E5 |1.04E5 |[3.62E3 |
|Cs=-138 |6.33E2 |8.40E2 |5.55EZ | ND |6.22E2 |6.81E1 |2.70E2 |
|Ba=139 |1.84E0 |9.84E-4 |5.37E-2 | ND |8.62E-4 |S.77E3 |5.77E4 |
|Ba=140 |7.40E4 |6.48E1 |4.33E3 | ND |2.11E1 |1.74E6 |1.02E5 |
|Ba=141 |2.19E-1 |1.09E-4 |6.36E-3 | ND {9.47E-5 |2.92E3 |2.75E2 |
|Ba=-142 |5.00E-2 |3.60E-5 |[2.79E-3 | ND |2.91E-5 |1.64E3 |2.74E0 |
|La=140 |6.44E2 |2.25E2 |[7.55E1 | ND | ND |1.83E5 |2.26E5 |
|La=142 |1.30E0 |4.11E-1 |1.29E-1 | ND | ND |8.70E3 |7.59E4 |
|Ce=141 |3.92E4 |1.95E4 |2.90E3 | ND |8.55E3 |S5.44E5 |5.66E4 |
|Ce=143 |3.66E2 |[1.99E2 |2.87E1 | ND |8.36E1 |1.1S5E5 |1.27E§ |
|Ce-144 |6.77E6 |2.12E6 |3.61E5 | ND |1.17E6 |1.20E7 |3.89E5 |
|Pr=143 |1.85E4 |5.55E3 |9.14E2 | ND |3.00E3 |4.33E5 |9.73E4 |
|Pr-144 |5.96E-2 |1.85E-2 |3.00E-3 | ND |9.77E-3 |j1.57E3 |[1.97E2 |
|[Nd=147 |1.08E4 |8.73E3 |6.81E2 | ND |6.81E3 |3.28E5 |8.21E4 |
|W-187 |1.63E1 |9.66E0 |4.33E0 | ND | ND |4.11E4 |9.10E4 |
[Np=239 |4.66E2 |3.34E1 |2.35E1 | ND |9.73E1 |5.81E4 |6.40E4 |
(a) The child age group determination; Table E-9 Reg. Guide 1.109,

Rev.

1, 1977
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3.5.2 Individual Dose Due To Gaseous Effluents

3.5.2.1 Technical Specification 3.11.2.2

The air dose due to noble gases released in gasecus ef-
fluents, to areas at and beyond the SITE BOUNDARY shall
be limited to the following:

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

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

3.5.2.1.1 Noble Cases

The air dose at 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
i

During any calendar quarter, for beta radiation:

D, = 3.17 E-08 I [N, {((X/Q) Q *+ (X/q) q,}] £ 10 mrad
i

During any calendar year, for gamma radiation:

D.=13.17 E-C8 [Mi {(X/Q) Qi + (X/q) qi)] < 10 mrad
i

During any calendar year, for beta radiation:

D, = 3.17 E=-08 I (N, ((X/Q) @, + (X/q) q,}] < 20 mrad
i

(3.9)

(3.10)

(3.11)

(3.12)
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3.5.2.2 Technical Specification 3.11.2.3

The dose to a MEMBER OF THE PUBLIC from lodine-131 and
133, tritium, and all radionuclides 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 gquarter: Less than or
equal to 7.5 mrem to any organ and,

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

3.5.2.2.1 Radionuclides Other Than Noble Cases

The dcse to a MEMPER OF THE PUBLIC from lodine-131 and
133, tritium, and all radionuclides in particulate form
with half-lives greater than 8 days in gaseocus ef-
fluents released, to areas at and beyond the SITE BOUN=-
DARY, is determined according to the following
expressions:

During any calendar Quarter:

Di = 3.17E-08 [ Ri (W Q, + w qi] < 7.5 mrem (3.

i

During any calendar year:

Di = 3.17E-08 I Ri (W Qi + W qi] < 15 mrem (3.
i

Where:

D. = Dose to a MEMBER OF THE PUBLIC frem radicnue

clides other than noble gases.

Q. = The releases of radionuclides, radiocactive

materials in particulate form, and radionu-
clides other than noble gases, i, in gaseous
effluents, for all vent releases for long-term
releases (greater than 300 hrs/yr), in (uCi).

- 43 -
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Releases are cunulative over the calendar
quarter or year as appropriate.

9 ® The releases of radionuclides, radicactive

materials in particulate form and radionu=-
clides other than noble gases, i, in gaseous
effluents for all vent releases for short-term
releases (equal to or less than 500 hrs/yr),
in (uCi). Releases are cumulative over the
calendar quarter or year as appropriate.

R, = The dose factor for each identified radionu-

clide, i, in m?(mrem/yr) per (uCi/sec) or
(mrem/yr) per (uCi/m'). (Table 5)

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):

W = (X/Q) for the inhalation and tritium pathways,
in(sec/m?).

W= (D/Q) for the food and ground plane

pathways, in(meters ?).
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 500 hri/yr):

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

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

3.17 E~C8 = The inverse of the number
of seconds per year.

(D/Q) = the average relative deposition ¢f the ef-
fluent at or beyond the SITE BOUNLARY, consid=-
ering depletion of the plume during transport.
for long term releases (greater than

500 hrs/yr), in (meters %),
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TABLE § (Cont'd.)

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

Inhalation Pathway

(mrem/yr) per (uCi/m?)

I l | Total l | l
[Nuclide| Body Lung | GI-LLI |

$r-92 |1. ,25E-1 | 4OE4  |2.42E5
Y-90 |&. |1.11E2 ; 62E5  |2.68E5
Y-9lm |5. \ |1.84E-2 |2.81E3 |1.72E3
Y-91 |9. |2.64E4 ; |2.63E6 |1.84ES
Y-92 |2. |5.81E<1 | |2.39E4 [2.39ES

Y-93 , .11E0 | .44E4 |3.89E5
ir-95 A |4, .70E4 : .23E6 |6.11E4
2r-97 . : .60E1 : .13E5 |[3.51ES
Nb-95 . 19. 6.55E3 8. 6.14E5 |3.70E4
Mo-99 1. |4.26E1 |13. .35E5 |1.27ES

| Tc=99m|1. ) |S.77E=2 ! |S. .51E2 .81E3
| Te-101(8. . |1.08E-3 (1. .85E2 |1.63El
| Ru-103]2. |1.07E3 ! 12 6.62E5 |4.48E4
I
|

Ru-105/1. |5.55E-1 |1. 1.59E4 .95E4
Ru-106|1. .69EL 1. |1.43E7 |4.29E5

|Ag=110m|1. . |9.14E3 ‘ |5.48E6 |1.00ES
|Te=125m|6. . . 14E2 " 4.77E5 |3.38E4
|Te=127m|2. ; .02E3 ' - 4BE6 |7.14E4
|Te~127 |2. ) 6.11E-1 ' . .00E4 .62E4
[Te-12%m| 1. : |3.04E3 : ‘ .76E6 |1.82ES

|Te=129 |9. .38E-2 .14E-2 ] [2.93E3 |2.53E4
[Te=131m|1. .Q7E1 |9.77El 4. |2.06E5 |3.08ES
|Te=131 |2. : |6.59E-3 |1.70E-2 ‘ 0SE3 |1.33E3
|Te-132 |4. .63E2 |3.17E2 .77E3 |3.77ES |1.38ES
|I-130 |8. .G44E3 |1.835E6 2.45E4 | ND |5.11E3
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TABLE 5 (Cont'd.
PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES ‘

Inhalation Pathway

(mrem/yr) per (uCi-m?)

| | | | Total | [ l I I
[Nuclide| Bone | Liver | Body | Thyroid | Kidney | Lung | GI-LLI |
jI-i31 |4.81E4 |4.81E4  |2.73E4 |1.62E7 7.88E4 | ND 2.84E3 |
{I1-132 |2.12E3 |4.07E3  |1.88E3 |1.94ES 6.25E3 | ND |3.20E3 |
jI-133 |1.66E4 |2.03E4 [7.70E3 |3.85E6 |3.38E4 | ND 5.48E3 |
[I-134 |1.17E3 |2.16E3 |9.95E2 |[S.07E4 |3.30E3 | ND 9.55E2 |
[I1-135 |4.92E3 |8.73E3 |4.14E3 |7.92ES 1.34E4 | ND 4.44E3 |
[Cs-134 |6.51E5 |1.01E6 2.25E5 | ND |3.03E5 |1.21ES |3.85E3 |
|Cs-136 |6.51E4 |1.71ES 1.16E5 | ND |9.55E4 |1.45E4 |4.18E3 |
|Cs~137 |9.07E5 |8.25E5 [1.28E5 | ND [2.72E5 |1.04E5 |3.62E3 |
|Cs-138 |6.33E2 |8.40E2 |5.55E2 | ND |6.22E2 |6.81E1 |2.70E2 |
|Ba=139 |1.84E0 |9.84E-4 |5.37E-2 | ND {8.62E-4 |5.77E3 |5.77E4 |
|Ba=140 |7.40E4 |6.48E1 |4.33E3 | ND [2.11E1 |1.74E6 |[1.02ES |
|Ba~141 |2.19E-1 |1.09E-4 |6.36E-3 | ND |9.47E-5 |2.92E3 |2.75E2 |
|Ba-142 |5.00E-2 |3.60E-5 |2.79E-3 | ND |2.91E-5 |1.64E3 |[2.74E0 |
|La=140 |6.44E2 |2.25E2 [7.55E1 | ND | ND |1.83E5 |2.26E5 |
{La-142 |1.30E0 |&4.11E-1 |1.29E-1 | ND | ND |8.70E3 |7.59E4 |
[Ce=141 |3.92E4 |[1.95E4 |2.90E3 | ND |8.55E3 |5.44E5 |[5.66E4 |
|Ce~143 |3.66E2 |1.99E2 |2.87E1 | ND [8.36E1 |1.15E5 |[1.27ES |
|Ce-144 |6.77E6 |2.12E6 [3.61ES | ND 1.1766 |1.20E7 |3.89ES |
|Pr-143 |1.85B4 |5.55E3 [9.14E2 | ND 3.00E3 |4.33E5 |[9.73E4 |
|Pr-164 |5.96E-2 |1.85E-2 |3.00E-3 | ND |9.77E-3 |1.57E3 |1.97E2 |
[Nd=147 |1.08E4 |8.73E3 |6.81E2 | ND |4.81E3 |3.28E5 |[8.21E4 |
{W-187 |1.63E1 |9.66E0 |4.33EC | ND | ND |4.11E4 |9.10E4 |
[Np=239 |4.66E2 |3.34E1l |2.35E1 | ND |9.73E1 |5.81E4 |6.40E4 |

(a) The child age group determination; Table E-9 Reg. Guide 1.109,
Rev. 1, 1977
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TABLE § (Contd.)
PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES

Ground Plane Pathway

(M* arem/yr) per (uCi/sec)

Nuclide Total Body Skin
Na-24 1.19E7 1.39E7
Cr-51 4.65E6 5.51E6
Mn-54 1.39E9 1.63E9
Mn-56 9.03ES 1.07E6
Fe-59 2.72E8 3.20E8
Co-58 3.79E8 4. 44E8
Co=60 2.15E10 2.53E10
Ni-65 2.97ES 3.43ES
Cu=64 6.07ES 6.88ES
Zn=65 7.47E8 8.59E8
Br-83 4,87E3 7.08E3
Br-84 2.03ES5 2.36E5
Rb-86 8.99E6 1.03E7
Rb-88 3.31E4 3.78E4
Rb-89 1.23E5 1.48E5
Sr-89 2.16E4 2.51E4
Sr-91 2.15E6 2.51E6
Sr-92 7.77ES 8.63ES
Y-90 4, 49E3 5.31E3
Y-91lm 1.00ES5 1.16E5
Y-91 1.07E6 1.21E6
Y-92 1.8CES 2.14E5
Y-93 1.83E5 2.51ES
2r-95 2.45E8 2.84E8
Zr=97 2.96E6 3.44LES
Nb-95 1.37E8 1.61E8
Mo-99 3.98E6 4.62E6
Tc=99m 1.84ES 2.11E5
Te-101 2.04E4 2.26E4
Ru-103 1.08E8 1.26E8
Ru-105 6.35KE5 7.21E5
Ru-106 4,22E8 5.07E8
Ag-110m 3.44E9 4.01E9
Te-125m 1.55E6 2.13E6
Te-127m 9.16E4 1.08ES
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TABLE 5 (Contd.
PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES

MEAT PATHWAY

(m? mrem/yr) per (uCi/sec)

| | | | Total | [ I l |
[Nuclide| Bone | Liver | Bedy | Thyroid | Kidney | Lung | GI-LLI |
| Sr-92 | 0 | ND | 0 | ND | ND | ND | 0 |
| ¥Y=90 |1.71E2 | ND |4.59E0 | ND | ND | ND |4.88E5 |
| Y=91r | 0 | ND | 0 | ND | ND | ND | 0 |
| Y=91 |1.80E6 | ND |[4.82E4 | ND | ND | ND |2.40E8 |
| Y-92 | 0 | ND | 0 | ND | ND | ND | 0 |
| ¥Y-93 | 0 | ND | 0 | ND | ND | ND |1.55E-7 |
| 2r-95 |2.66E6 |5.85ES |5.21ES | ND |8.38E5 | ND |6.11E8 |
| 2r=97 |3.20E-5 |4.63E-6 |2.73E-6 | ND |6.65E-6 | ND |7.02E-1 |
| Nb=95 |3.09E6 |1.20Eé |8.61ES | ND |1.13E6 | ND 12.23E89 |
| Mo=99 | ND |1.15ES |2.84E4 | ND |2.46E5 | ND |9.51E4 |
| Te=9%m| O | 0 | 0 | ND | 0 | 0 | 0 |
| Te=101| 0 [ 0 {0 | ND | 0 | 0 | 0 |
| Ru~103|1.55E8 | ND |5.96E7 | ND |3.90E8 | ND |4.01E9 |
| Ru=105| ¥ | ND | 0 | ND | 0 | ND | 0 |
| Ru=106|4.44E9 | ND |5.54E8 | ND |S5.99E9 | ND |6.90E10 |
|Ag=110m|8.40E6 |5.67E6 |4.53E6 | ND |X.06E7 | ND |6.75E8 |
|Te=125m|5.69E8 |1.54E8 |7.59E7 |1.60E8 | ND | ND |5.4%E8 |
|Te=127m|1.77E9 |4.78E8 |2.11E8 |4.24E8 |5.06E9 | ND |1.44E9 |
|Te=127 |4.11E-10|1.11E-10 | 0 |2.85E-10 |1.17E-9 | ND |1.61E-8 |
|Te=129m|1.79E9 |&4.99E8 |2.77E8 |5.76E8 |5.25E9 | ND |2.18E9 |
|Te=129 | 0 | 0 gt | 0 | 0 | ND | 0 |
|Te=131m|7.00E2 |2.42E2 |2.58E2 |4.98E2 |2.34E3 | ND |9.8283 |
|Te=131 | 0 | 0 | 0 | 0 | 0 | ND | 0 |
|Te=132 |2.09E6 |9.26ES |1.12E6 |1.35E6 |8.60E6 | ND |9.33E6 |
[I-130 |3.04E-6 |6.13E-6 |3.16E=6 |6.76E~4 |9.17E-6 | ND |2.87E-6 |
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Rev. &

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

MEAT PATHWAY

(m? mrem/yr) per (uCi/sec)

I

|[Nuclide| Bone |

Lung | GI-LLI |

[I-131
|I-132
{I-133
[I-134
[1-138

|Cs~134
|Cs=136
|Cs=137
|Cs=-138
|Ba=139

|Ba=-140
|Ba=141
|Ba=142
|La=140
|La-142

|Ce=141
[Ce=143
[Ce-144
|Pr=143
|Pr=144

INd=147 |

|W-187

{Np=239 |

1

|
I
6.
|
l

Liver
.66E7 |1.66E7
0 | 0
16E-1 |7.61E~1
0 | 0
0 | 0
.22E8 |1.51E9
61E7 |&.43E7
.33E9 |1.28E9
0 | 0
0 | 0
.38E7 |3.84Eé
0 | 0
0 | 0
.69E-2 |1.99E-2
0 | 0
.22E4 |11.11Eé4
.17E-2 |1.72E1
.32E6 |7.26ES
.35E4 |1.00E4
0 | 0
.17E4 |9.50E3
.35E-2 |1.98E-2
.20E-1 |%.02E-2

| Total | |

| Body | Thyroid | Kidney |
|9.46E6 |5.50E9 |2.73E7 |
| © | 0 | © I
|2.88E-1 |1.41E2 |1.27E0 |
| 0 | 0 | © |
| o0 | 0 | 0 |
{3.19E8 | ND |4.69E8 |
|2.86E7 | ND |12.36E7
|1.88E8 | ND |4.16E8 |
| o [ ND | 0 |
| 0 | ND | © l
|2.56E6 | ND |1.25E4 |2
| © | ND ( 0 I
| © | ND | O |
|6.70E-3 | ND | ND |
| 0 | ND | ND |
[1.64E3 | ND |4.85E3 |
|2.49E-3 | ND |7.21E-3 |
|1.24ES | ND |4.02E5 |
|1.66E3 | ND |5.44E3 |
| © [ ND | 0 l
|7.3582 | ND |5.21E3 |
|8.91E-3 | ND | ND |
|2.12E-2 | ND {8.72E-2 |
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Rev. &

TABLE 5 (Contd.) |
\
PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES

Grass-Cow-Milk Pathway

(a® mrem/yr) per (uCi/sec)

| | | | Total | | | |
[Nuclide| Bone | Liver | Body | Thyroid | Kidney | Lung | GI-LLI |

| Sr-92 |2.18E0 | ND |8.7SE-2 | ND | ND | ND  |4.13E1 |
| ¥-90 |3.22E2 | ND |8.62E0 | ND | ND | ND  |9.17E5 |
| Y91m | 0 | ND | 0 | ND | Nb | ND | 0 |
| Y=91 |3.90E4 | ND |1.04E3 | ND | ™ | ND 5.20E6 |
| ¥-92 [2.33E<4 | ND |7.24E+6 | ND | ND | ND  |7.31E0 |
| ¥-93 |1.05E0 | ND [2.90E-2 | ND | ND | ND  |1.57E4 |
| 2r-95 |3.83E3 [8.42E2 |7.50E2 | ND |1.21E3 | ND  |8.79E5 |
| 22+97 |1.92E0 |2.77E-1 |1.64E-1 | ND |3.98E-1 | ND  |[4.20E&4 |
| Nb=95 |3.18E5 |1.24E5 [8.84E4 | ND |1.16ES | ND  |2.29E8 |
| Mo=99 | ND  [8.14E7 |2.01E7 | ND |1.74E8 | ND  [6.73E7 |
| Te-99m|1.32E1 |2.59E1 [4.29E2 | ND [3.76E2 |1.32E1 |1.47E6 |
| Te=201] 0 | 0 | 0 | ND | o | o | o |
| Ru=103/4.28E3 | ND |1.65E3 | ND |1.08E4 | ND  |1.11ES |
| Ru=105/3.82E-3 | ND |1.39E-3 | ND |3.36E-2 | ND  |2.49E0 |
| Ru=106|9.24E4 | ND [1.15E4 | ND |1.2585 | ND  |1.44E6 |
|Ag=110m|2.09E8 |1.41E8 |1.13E8 | ND |2.638 | ND  |1.68E10 |
|Te=1251|7.38E7 [2.00E? [9.84E6 (2.07€7 | ND | ND  |7.12E7 |
|Te+127m|2.08E8 |5.60E7 |2.47E7 |4.97E7 ([5.93E8 | ND 1.68E8 |
|Te-127 |3.0SE3 |8.22E2 |6.54E2 |2.11E3 |[8.67E3 | ND 19E5 |
|Te=129m|2.71E8 [7.57E7 |4.21E7 |8.74E7 |[7.96E8 | ND 3.31E8 |
ITe=129 | 0 | 0 | 0 | o 2.90E-9 | ND 6.17E-8 |
|Te-131m|1.60E6 |5.53ES  |5.89E5 |1.14E6 35E6 | ND 2.24E7 |
|Te=131 | 0 | 0 R B | o | 8 | o0 |
|Te=132 |1.02E7 |4.52E6 |5.46E6 |6.58E6 |4.20E7 | ND  |4.SSE7 |
[1-130 |1.73E6 [3.49E6 |1.80E6 |3.84E8 |5.22E6 | ND  |1.63E6 |
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TABLE 5 (Contd.)

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

Grass-Cow-Milk Pathway

2

(n® mrem/yr) per (uCi/sec)

| I I | Totel | I I I I
[Nuclide| Bone | Liver | Body | Thyroid | Kidney | Lung ! GI-LLI |
jI-131 |[1.30E9 |1.31E9 |7.45E8 |4.33E11 |2.15E9 | ND |1.17E8 |
|I-132 |6.02E-1 |1.11E0 |5.08E-1 |5.13E1 |1.69E0 | ND |1.30E0 |
|1-133 |1.74E7 |2.15E7 |8.13E6 ([3.99E9 |3.58E7 | ND  [8.66E6 |
|I-134 | 0 e | © | 0 | © | ND | 0 |
|[I<135 |5.40E4 |9.72E4  |4.60E. [B8.61F6 [1.49E5 | ND |7.40E4 |
|Cs=134 [2.26E10 |3.72E10 |7.84E9 | ND |1.15E10 |4.13E9 |2.0CFf8 |
[Cs-136 [1.01E9 |2.77E9 [1.79E9 | ND |1.43E9 |2.20E8 |9.74E7 |
|Cs~137 |3.22E10 |3.09E10 |&4.56E9 | ND [1.01E10 |3.62E9 |1.93E8 |
|Cs-138 | © | o0 | 0 | ND | 0 | 0 | 0 |
|Ba-139 |1.89E-7 | © |5.48E-9 | ND I 0 | 0 [1.09E-5 |
|Ba=140 |1.17E8 |1.03ES |6.84E6 | ND [3.34E4 |6.12E4 |5.93E7 |
|Ba-141 | 0 | 0 | 0 | ND | 0 | 0 | 0 |
|Ba=142 | © | 0 | 0 | ND | 0 | 0 | 0 |
|La=140 |1.95E1 |6.80E0 |2.29E0 | ND | ND | ND '1.90E5 |
|La=142 | O | 0 | 0 | ND | ND | ND |2.90E-6 |
|Ce=141 |2.19E4 |1.09E4 |1.62E3 | ND |64.78E3 | ND [1.36E7 |
|Ce=143 |[1.87E2 |1.02ES 1.47E1 | ND [4.26E1 | ND |1.49E6 |
|Ce-144 |1.52E6 |5.09ES |8.66E4 | ND [2.82E5 | ND |1.33E8 |
|Pr-143 |7.19E2 |2.16E2 3.57E1 | ND [1.17E2 | ND |7.75E5 |
|Pr-144 | 0 | 0 | O | ND | 0 | ND | © |
INd=147 |4.45E2 |3.61E2 |12.79E1 | ND |1.98E2 | ND |S.71ES |
|W-187 |[2.91E4 |1.73E4 |7.73E3 | ND | ND | ND |2.42E6 |
INp=239 |1.72E1 |1.23E0 |8.68E-1 | ND |3.57E0 | ND |9.14E6 |
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TAB 5 (Contd.

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

Grass-Goat-Milk Pathway

(o? mrem/yr) per (uCi/sec)

| i | | Total | I I

|Nuclide| Bone | Liver | Body | Thyroid | Kidney | Lung | GI-LLI |
| Sr-92 |4.58E0 | ND |1.84E-1 | ND | ND | ND |8.68E1
| Y90 |3.87E1 | ND |1.03E0 | ND | ND | ND |1.10ES
| Y-91m | 0 | ND | 0 | ND | ND | ND | 0

| Y-91 |4.68E3 | ND [1.2SE2 | ND | ND | ND |6.24E-5
| ¥-92 |3.04E-5 | ND |8.69E-7 | ND | ND | ND |8.77E-1
| Y-93 |1.27E-1 | ND |3.48E-3 | ND | ND | ND |1.89E3
| 2z-95 |4.60E2 |1.01E2 [9.00E1 | ND 1.4582 | ND |1.0SES
| 2r-97 |2.30E-1 |3.33E-2 |1.96E-2 | ND 4.78E-2 | ND |5.04E3
| Nb=95 |3.81E4 |1.48Eé4 |1.06E4 | ND 1.39E4 | ND |2.75E7
! Mo=99 | ND |9.76E6 |2.42E6 | ND |2.09E7 | ND |8.08E6
| Te-99m|1.59E0 |3.11E0 |5.1SE1 | ND |4.52E1 |1.58E0 |1.77E3
| Te=101| 0 | 0 | 0 | ND | 0 | 0 | 0

| Ru=103|5.14E2 | ND |1.98E2 | ND [1.29E3 | ND |1.33E4
| Ru=105|4.58E-4 | ND |1.66E-4 | ND 4.03E-3 | ND |2.99E-1
| Ru-106|1.13E4 | ND |1.38E3 | ND S0E4 | ND |1.72ES
|Ag=110m|2.51E7 |1.69E7 1.357 | ND |3.1587 | ND |2.01E9
|Te=125m|8.85E6 |2.40E6 1.18E6 |2.48Eé | ND | ND |8.54E6
|Te=127m|2.50E7 |6.72E6 |2.96E6 |5.97Eé |7.12E7 | ND |2.02E7
|Te=127 |3.66E2 |9.86E1 {7.85E1 |2.53E2 J]1.04E3 | ND |1.43E4
|Te-129m|3.25E7 [9.0SE6 |5.05E6 |1.05E7 |9.55E7 | ND |3.97E7
|Te=12¢ | 0 | 0 | 0 | 0 | 0 | ND |7.40E-9
|Te=131m|1.92ES |6.64E& |7.07E6 |[1,.37ES |6.43ES | ND |2.69E6
|Te=131 | 0 | 0 | 0 | 0 | 0 | ND | 0
|Te=132 |1.23E6 |5.42ES |6.55ES |7.90ES |S.04E6 | ND |5.46E6
|I-130 |2.07E6 |&4.19E6 |2.16E6 |4.61E8 |6.26E6 | ND |1.96E6




Rev. &

TABLE 5 (Contd.
PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES

Grass-Goat-Milk Pathway

(2? mrem/yr) per (uCi/sec)

| I l | Total | | I l
[Nuclide| Bone | Liver | Body | Thyroid | Kidney | Lung | GI-LLI |

|I-131 |1.56E9 |1.57E9 |8.94E8 |S.20E11 |[2.58E9 | ND |1.40E8 |
jI+132 |7.22E-1 |1.33E0 |6.10E-1 |6.15E1 |2.03E0 | ND [1.56E0 |
|I-133 |2.09E7 |[2.58E7 [9.76E6 |&.79E9 |4.30E7 | ND |1.04E7 |
|1-136 | 0 | © | 0 | 0 | 0 | ND | © |
|I-135 |6.48E4 |1.17ES |5.52B4 |1.03E7 |1.79ES | ND |8.88E4 |
ICs=134 |6.79E10 (1.11E11 |2.35E10 | ND |3.45E10 |1.24E10 |6.01E8 |
[Cs=136 |3.03E9 |8.32E9 |5.38E9 | ND |4.43E9 |6.61E8 |2.92E8 |
|Cs=137 |9.67E10 |9.26E10 |1.37E10 | ND |3.02E10 |1.09E10 |5.80E8 |
|Cs-138 | 0 | 0 | 0 | ND | 0O | 0 | 0 |
|Ba-139 |2.27E-8 | O | 0 | ND | 0 | © [1.31E-6 |
|Ba=140 |1.41E7 |1.23E4 |8.20ES | ND 14.01E3 |7.34E3 |7.12E6 |
[Ba-141 | 0 | 0 | © | ND | © | 0 | 0 |
|Ba=142 | O | 0 | 0 | ND | 0 [ 0 | 0 |
|La=140 |2.34E0 |8.17E-1 |[2.75E-1 | ND | ND | ND |2.28E4 |
|La=142 | O | 0 | © | ND | ND | ND [3.49E-7 |
|Ce=141 [2.62E3 |1.31E3 |1.94E2 | ND |S.74E2 | ND |1.63E6 |
|Ce-143 |2.25E1 [1.22E4 |1.77E0 | ND |S.12E0 | ND 79E5 |
|Ce=144 [1.95ES |6.11E4 |1.04E4 | ND |3.38%& | ND S9E7 |
|Pr-143 |8.62E1 |2.59E1 |4.28E0 | ND |1.40E1 | ND |9.30E4 |
[Pr-144 | O | 0 i 0 | ND | © | ND 0 |
[Nd=147 |5.34E1 14.33E1 |3.35E0 | ND [Z.37E1 | ND 6.85E4 |
|W-187 |3.49E3 |2.07E3 |9.27E2 | ND | ND | ND 2.90E5 |
INp=239 |2.06E0 |1.48E-1 |1.04E-1 | ND |%.28E-1 | ND 1.10E4 |




TABLE 5 (Contd.)

Rev. &4

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

Vegetation Pathway

(m?® mrem/yr) per (uCi/sec)

| | | | Total | I | | [
[Nuclide| Bone | Liver | Bedy | Thyroid | Kidney | Lung | GI-LLI |
| H=3 | ND |4.01E3 |4.01E3 |4.01E3 |4.01E3 |&4.01E3 |4.01E3 |
| C-14 |8.89E8 |1.78E8 |1.78E8 |1.78ES8 |1.78E8 |1.78E8 |1.78E8 |
| Na=24 |3.75E5 |3.75ES |3.75E5 |3.75ES |3.7SE5 |3.7SES |{3.75ES |
| P=32 |3.37E9 |1.57E8 |1.30E8 | ND | ND | ND |9.30E7 |
| Cr=51 | ND | ND |1 17ES |6.50E4 |1.78E4 |1.19E5 |6.21E6 |
| Mn-54 | ND |6.65E8 |1.77E8 | ND !1.86E8 | ND |5.58E8 |
| Mn=56 | ND |1.88E1 |4.24E0 | ND 12,27E1 | ND |2.72E3 |
| Fe-55 |8.01E8 |&.25E8 |1.32E8 | ND | ND |2.49E8 |7.87E7 |
| Fe=59 |3.97E8 |6.43E8 |3.20E8 | ND | ND |1.86E8 |6.69E8 |
| Co=58 | ND |6.44E7 |1.97E8 | ND | ND | ND |3.76E8 |
| Co=60 | ND |3.78E8 ]1.12E9 | ND | ND | ND |2.10E9 |
| Ni-63 |3.95E10 |2.11E9 |1.34E9 | ND | ND | ND |1.42E8 |
| Ni-65 |1.05E2 |9.89E0 |5.77E0 | ND | ND | ND |1.21E3 |
| Cu=64 | ND |1.10E4 |6.64E3 | ND {2.66E4 | ND |S.16E5 |
| 2n-65 |8.12E8 |2.16E9 |1.35E9 | ND |1.36E9 | ND |3.80E8 |
| Zn-69 |1.09E-S |1.57E-5 |1.45E<6 | ND |9.52E-6 | ND |19.11E-4 |
| Br=83 | ND | ND |$.37E0 | ND | ND | ND | 0 |
| Br=84 | ND | ND | 0 i ND | ND | ND | 0 |
| Br-85 | ND | ND | C | ND | ND | ND | 0 [
| Rb-86 | ND |4.58E8 |2.R2E8 | ND | ND | ND |2.94E7 |
| Rb=88 | ND | 0 | o0 | ND | ND | ND | o0 |
| Rb=89 | ND | 0 | 0 | ND | ND | ND i 0 |
| Sr-89 |3.59Ei0 | ND |1.03E9 | ND | ND | ND |1.39E9 |
| Sr-90 |1.24E12 | ND |3.15E11 | ND | ND | ND |1.67E10 |
| Sr-91 |5.24E5 | ND |1.98E4 | ND | ND | ND |1.16E6 |
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TABLE 5 (Contd.)

Rev.

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

Vegetation Pathway

(m® mrem, yr) per (uCi/sec)

| I | | Total | l l | |
[Nuclide| Bone Liver | Body | Thyroid | Kidney | Iung | GI-LLI |
| Sr-92 |7 /3E2 | ND [2,92E1 | ND | ND | ND [1.38E4 |
| V=90 |2.71E4 | ND |6.18E2 | ND | ND | ND |6.57E7 |
| Y-91m |8.87E-9 | ND |3.23E-10] ND | ND | ND |1.74E-5 |
| Y=91 |1.86E7 | ND |4.99E5 | ND | ND | ND [2.48E9 |
| Y-92 |1.58E0 | ND 4.53E-2 | ND | ND | ND  |4.58E4 |
| Y-93 |3.01E2 | ND |8.25E0 | ND | ND | ND |4.48E6 |
| 2r-95 |3.86E6 |8.45ES |7.55E5 | ND |1.21E6 | ND |8.84E8 |
| 2r-97 |5.70E2 |8.24E1 |4.86E1 | ND [1.18E2 | ND |1.25E7 |
| Nb=95 |4.10ES |1.5.ES |1.14E5 | ND 1.50E5 | ND [2.95E8 |
| Mo=99 | ND |7.71E86 [1.91E6 | ND 1.65E7 | ND |6.3886 |
| Tc=9%m|4.71E0 |9.24E0 |1.53E2 | ND [1.34E2 |&4.69E0 |5.26E3 |
| Te-101] 0 | 0 | 0 | ND | O | 0 | 0 |
| Ru=103|1.54E7 | ND |5.90E6 | ND {3.87E7 | ND |3.97E8 |
| Ru-105|9.16E1 | ND |3.32E1 | ND |8.05E2 | ND |5.98E4 |
| Ru-106|7.45E8 | ND |9.30E7 | ND ".01E9 | ND |1.16E10 |
|Ag=110m|3.22E7 <+ 17E7 |1.74E7 | ND |4.05E7 , WM |2.58E9 |
Te-125m|3.51E8 |9.50E7 |4.67E7 |9.84E7 | ND | ND .3 Z8E8 |
|Te=127m|1.32E9 |3.56E8 |1.57E8 |3.16E8 |13.77E9 | ND |1.07E9 |
|Te=127 |1.00E4 |2.69E3 |2.14E3 |6.91E3 |2.84E4 | ND {3.90E5 |
|Te=129m|8.38E8 |2.34E8 [1.30E8 |2.70E8 [2.46E9 | ND |1.02E9 |
|Te=129 |1.16E-3 |3.23E-4 |2.75E~4 |8.26E-4 |3.39E-3 | ND [7.20E-2 |
|Te-131m|1.54E6 |5.33ES |5.68E5 |1.10E6 {S.16E6 | ND |2.16E7 |
|Te=131 | 0 | 0 | 0 | 0 | 0 | ND | 0 {
|Te=132 |6.98E6 |3.09E6 |3.73E6 |4.50E6 |2.87E7 | ND |3.11E7 |
[I-130 [6.16E5 |1.24Eé |6.38ES |1.37E8 [1.86E6 | ND |5, 79E8 |
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TABLE 5 (Contd.)

Rev, &4

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

Vegetation Pathway

(w* mrem/yr) per (uCi/sec)

I I l | Total | i [ I
[Nuclige| Bone | Liver | Body | Thyroid | Kidney ! Lung | GI-LLI |
|I-131 |1.43E8 |1.44E8 |8.17E7 |&4.75E10 |2.36E8 | ND |1.28E7 |
|I-132 |8.58E1 |1.58E2 |7.2SE1 |7.31E3 |2.41E2 | ND |1.86E2 |
|I-133 |3.56E6 |4.40Eé6 |1.67E6 |8.18E8 |7.34E6 | ND |1.77E6 |
[I-134 |1.55E-4 |2.88E-4 |1.32E-4 |6.62E-3 |4.40E-4 | ND |1.91E-4 |
|I-135 |6.62E4 |1.13ES |5.33E4 |9.97E6 |1.70E5 | ND |8.58E4 |
|Cs=134 |1.60E10 |2.63E10 |5.55E9 | ND |8.15E9 |2.93E9 |1.42E8 |
|Cs-136 |8.17E7 |2.25E8 |1.45E8 | ND |]1.20E8 |1.78E7 |7.90E6 |
|Cs=137 |2.39E10 |2.29E10 |3.38E9 | 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 |2,24E-5 |1.S1E-S |2.77E0 |
|Ba-140 |2.77E8 |2.42ES ]1.62E7 | ND |7.89E4 |1.45E5 |1.40E8 |
|Ba-141 | 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 i1.58E1 |
|Ce-141 |6.56E5 |3.27ES |4.86E4 | ND |1.43E5 | ND |4.08E8 |
|Ce=143 |1.72E3 |9.31ES |1.35E2 | ND |3.91E2 | ND |1.36E7 |
|Ce=144 |1.27E8 |3.98E7 |6.78E6 | ND |2.21E7 | ND |1.04E10 |
[Pr-163 |1.46E5 |4.38E4 |7.25E3 | ND |12.37E4 | ND |1.58E8 |
|Pr=144 | 0 | 0 | 0 | ND | 0 | ND { 0 |
INd=147 |7.17E4 |5.81E4 |4.50E3 | ND |3.19E4 | ND |9.20E7 |
|W=-187 |6.4"E4 |3.83E4 |1.72E4 | ND | ND | ND |5.38E6 |
|[Np=239 |2.,5E3 |1.83E2 |1.29E2 | ND |S.30E2 | ND |1.36E7
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Rev. 4

TABLR_ S NOTES

The values presented in Table 5 were calculated ac-
cording to the rmethodology and guidance provided in
NUREG 0133, Rev. 0 (1978)

Specific parameters utilized are:

Parameter Value Reference
SF 0.7 Ref. 9.11.2
fp 3.9 Ref. 9.8.2
fs 1.0 Ref. 9.8.2
H 8.0 g/m? Ref. 9.8.2
fL s Ref. 9.8.5
fg 0.76 Ref. 9.8.5
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The cumulative critical organ doses for a monthly,
Quarterly or annual evaluation are based on the calcu-

lated dose contribution from each specified time period
occurring during the reporting period.

3.6 Gaseous Radwaste Treatment System

3.6.1 Technical Specification 3.11.2.4

The VENTILATION EXHAUST TREATMENT SYSTEM and the WASTE
GAS HOLDUP SYSTEM shall be OFERABLE and appropriate
portions of these systems shall be used to reduce
releases ¢f radiocactivity when the projected doses in
31 days due to gaseocus effluent releases, from each
unit, to areas at and beyond the SITE BOUNDARY would
exceed:

a. 0.2 mrad to air from gamma radiation, or
b. 0.4 mrzd to air from beta radiation, or
¢. 0.3 mrem to any organ of an Individual

3.6.2 Description of the Caseous Radwaste Treatment
System

The gaseous radwaste treatment system ancd the ventila-
tion exhaust system are available for use whenever
gaseous effluents require treatment prior to being
released to the environment. The gaseous radwaste
treatment system is designed to allow for the retention
of all gasecus fission products to be discharged from
the reactor coolant system. The retention system cone-
sists of eight (8) waste gas decay tanks, six (o) for
use during normal operations and two (2) for use during
shutdown conditions. These systems will provide rsas-
onable assurance that the releases of radiocactive
materials in gaseous effluents will be kept ALARA.
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ergetic gamma radiation is given by:

ER = BAT exp( u, d) (4.1)
d2

Where:

ER = ExXposure rate at distance d from a point
source of strength A, (in Roentgens/hour).

B = Buildup factor.

A = Activity of (ae source, (in Curies).

d = Distance from the source, (in meters).

Mon = Linear attenuation coefficient for air, in
(m'l).

r = Exposure rate constant, (in R = mz/Ci -
nE. ).

The exposure rate constant ' is given by:

r=K ¢ Eua (4.2)

Where:
E = Energy of the gamma radiation, in (MeV).
My = Linear absorption coefficienc for air, (in

m~ 1y,
4 = Number of photons emitted per

disintegration.
K = Constant, 1.49 EO4 R = m3/hr - MeV = Ci.
r = Is as previocusly defined.

For nuclides emitting multiple gamma rays, equation
(4.1) becomes:

ER = KA LB, (f; Ej u,,) exp (=u ., d) (4.3)
i
dz
Where:
B = Buildup factor “or ith photon.

- 89 «
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Ei = Energy of the ith photon, (in MeV).
Mai = Linear absorption ccefficient for air, for
1

the ith photon, (in m™*).

Meni = Linear attenuation coefficient for air, for
the ith photon, (in m"%).
fi = Number of ith photons emitted per

disintegration.
ER, K,A, and d are as previously defined.

For photon energies in the range of 60 KeV to 2 MeV,
the value of the linear absorption coefficient for air
is relatively constant (+ 15%), therefore, equation
(4.3) can be approximated as:

s B %
ER = K'A 1B, (f E) exp (-u,.d) (4.4)
d2 3
Where:
K' = A constant, 0.48 Rem?/hr - MeV = Ci.

ER, A, d, fi, E
defined.

i Bi’ and Veni are as previously

Through the use of equation (4.4), the exposure rate
for a particular nuclide can be determined. The total
exposure rate from the RWST is calculated as:

ERtotal - § ERj (4.5)
ERtotal = Total exposure rate at the location of
the MEMBER OF THE PUBLIC from the RWST,
(in Roentgen/hour).
ER, = Calculated exposure rate from the jth

nuclide, (in Roentgen/hr).

The total direct radiation dose rate from the RWST to a
MEMBER OF THE PUBLIC is given by:

DR =ER

total total

(4.6)
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The maximum direct radiation dose from the Unit to a
MEMBER OF THE PUBLIC due to activities within the SITE
| BOUNDARY is thus approximately SE-3 mrads per year, as=-

| suming a maxiaum occupancy of 1100 hours per year.

-72-
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5.0 RADIOLOGICAL ENVIRONMENTAL MONITORING
8.3 Radiological Effluent Technical Specification
< Y

The radiological environmental monitering program shall
be conducted as specified in Table 3.12-1. (ODCM Table
6).

5.2 Description of the Radiological Environmental
Monitoring Program

The Radiological Enviormental Monitoring Program is ine
tended to act as a background data base for preopera-
tion and to supplement tne radiological effluent
release monitoring program during plant operation.
Radiation exposure to the public from the various spe-
cific pathwavs and direct radiation can be adequately
evaluated by this program.

Some deviations from the sampling frequency may be
necessary due to seasonal unavailability, hazardous
conditions, or other legitimate bases. Efforts are
made to obtain all required samples within time frame
outlines. Any deviation(s) in sampling frequency or
location is documented in the Annual Radiological En-
vironmental Operating Report.

The Environmental samples are collected and analyzed at
the frequency outlined in Table 6. Reporting levels
and leower limits of detection (LLD) are outlined in Ta-
bles 7 and 8.

Samples collected under the monitoring program are
analyzed by an indepandent, third-party laboratory.
This laboratory i3 required to participate in the En-
vironmental Protection Agency's (EPA) Environmental
Radicactivity Laboratory Intercompariscon Studies
(Crosscheck) Program or an equivalent program. Partic=-
ipation includes all of the determinations (sample
medium - radionuclide combination) that are offered by
the EPA and that are also included in the monitoring
program.

9 =
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TABLE 6

RADIOLOGICAL ENYIRONMENTAL
NUMBER OF

REPRESENTAT IVE

SAMPLES AND

SAMPLE LOCATIONS

elther
with

measuring and
continuously,

G0 routine monitoring station

AWO Or moOre dosimeters or
Iinstrument for
dose rate

follows:

with
one
recording
placed as

Sixteen stat:ons,
meteorological sectror In
the SITE BOUNDARY

An Iinner ring ot

One in sach

the general area of

Descr iprion

0.6 Miiles tast of Hwy 0 and CC Junction

County Road 3135, 0.9 Miles South of

Hwy O

and Wildlife
{Heavy Haul
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Plant
Area

SUCuUriLy
Sign (Heavy
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MONI TORING

* ROGRAM

SAMPL ING
COLLECTION

AND
FREQUENCY

At least once

days.

Locagion

per 92

TYPE

AND FREQUENCY

OF ANALYSIS

GCamma

Dose




TABLE 6

RAD 101 OGICAI

Station
Code

Site Descripiion

allavay Elecrrig

No 187169

Cooperative

intersecrion

{ CLri«

NO 18450

allaway

Pole

Cooperative

0.3 Mile Sou f the CC and

AN Ixteen sta
logical s
range

outer ring
each meteor

6~ to 8-km

one In
in the
StLe

Electur
19137

Callaway ative

Pole No

Cooper

Electr
19100

Callaway

“ole NoO

Conperat

Electr
12630

Coop«

Callaway

Pule No

Electys
129176

Callaway
Pole No

East
Hwy D

0.5 Miies
of

. 1.5
South junctrion

Lamb Farm

City of Portla
Callaway tle

Fole No 121

Cooperative

NW
Hwy

dde of Roa

94 Jun

Heavy Haul

L1ON
Steedman

Callaway & lod

Pole No

tric
063126

Cooperative

ENYIRONMENT AL

of CC

{Cont inued)

MONITORING PROGRAM

Utility

and AD

UtiiLy

0 Junction

tions,
ecrLor

from the

ucil

utili

utili

Ui

Miles

Utilivy

d and

Utitivy

Location

8°

28°

N
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TABLE 6 (Continued)
RADIOLOGICAL ENYIRONMENTAL MON!TORING PROGRAM
Station
. Code Sectqr Site Description Locagion
32 ~M D. Barttey fFarm 5.1 mi. @ 24Y° wWSW
'8 | N Callaway Electric Cooperative Utility 4.8 mi. @ 227° W
Pole No. 18239
40 P Callaway Electric Cooperative Utility 4.2 mi. @ 291° WNW g
Pole No. 18145
39 Q Catllaway tlecuric Cooperative Utility 5.4 mi. @ 312° NW
Pole No. 17516
38 R Callaway Electric Cooperative Utility G.5S mi. @ 334° NNW
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 to serve as control statlons,
i3 City of Hams Prairie 7.3 mi. @2N11° W
n City of Mokane 7.6 mi. @ 218° sw
26 Town of Americus 12.1 mi. @ 82° ¢
27 Town of Bluffron 9.5 ml. @ 112° ESE
35 City of Toledo 5.8 mi. @ 340° NNW
23 City of Yucatan 6.7 mi. @ 14° NNE
1 City of Portland 5.0 mi. @ 130" SE
20 City of Readsville 4.8 mi. @ 45° NE
34 (P-Control) 2.% Mites South of 0 and C 9.5 mi. @ 291° wWNwW
Junction
1 (Q-Control) City Limits of Fulton on Hwy Z 10.6 mi. @ 311° Nw

76~




Station
. Code sector

2. Airborne

Radioiodine and
Particulates

JABLE 6 (Continued)
RADIQLOCICAL ENVIRONMENTAL MONITORING PROGRAM

Site Desceiption

Samples from five locations

Three samples from close to the
three SITE BOUNDARY locations,

in different sectors, of the
highest calculated annual average
ground level 0/Q.

Location

Cont inuous operations of
samp! :r with sample

col ction as required
by dust ioading,

but at least once

per 7 days.

Radioiodine Canjster;

Analyze at least once
per days for 1-131.

Pargiculate Sampler;

Analyze for gross betas
radioactivity > 24

hours following filter
change. Perform gamma
isotopic analysisd
on those samples
for which the gross
beta activity is > 10
times the yearly
mean of contqol
samples. Perform
gamma isotopic
analysis?
on composite samples
(by location) at least
once per 92 days.
A-1 D Primary Meteorological Tower 1.3 mi. @ 76° ENC
A-8 B County Road 448, 0.9 mli.
South of Highway 0

.9 mi. @ 20° NNE

0.6 mile east of MHighway 0
and CC Junction

1.9 mi. @ 355%° NNW

One sample from the community
with the highest D/Q

Community of Reform 1.7 mi. @ 336° NNW

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




TABLE € (Coust inued)

FADIOLOGICAL NY IRONMENTAL MONILT

Station

Code S ( ) | sCripLion

Bartiey ftarm

Une sampie upstream

84 feet upstream of
bank
downstream

miles dowvnstLream

bank
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ne sample
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of the
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discharqe
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-
¢
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L

1AL} \Te
downstiream,
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One sample from a control
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point, then the

ere are no drinking downstream

part of the (
water Intakes be
program will be

drinking walLe
Environmental
miles
(Ret

pathway |

ing
the

il LOT

downstream of discharge

9.6.6)

downstream
»Ling oOr
reational

Sed iment from

from

samp le
!

* )t ' L

Shorel i value

allaway

OR ING

Composite
period

equal

Composite
Z-week per
=131 anal
performed,
composite

di
Pi
construct
revised
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Semiannual

PROG

to

RAM

Location

samplef o

of less than

to 31 days

samp le
iod when
ysis |Is

monthly
otherwise

over

scharge point, th
awt Radiological
ed within 10 rive
include this pa

Iy

ver a GCamma [sotopic
Mlmlylb:."

of each sampie.
Tritium
analysi
samp le

per 92

or
s of composite
at least once
days.

1-131
composite
calcuiated
of the
than 1
LomposivLe
gamma Isotopic
monthiy
tritium

each

the dose

the corsumption
greate
year

gross beta
analysis
composite for

analysis quarterly

analysis on
when
for
waLer s
mrem per
tor

and

@
I

thway

Gamma 1s50topic
semiannual ly

analysi




TABLE 6 (Continued)

RADIOLOGICAL ENYIRONMENTAL MONITORING PROGRAM

yite Description fLocagion

1.0 river mile downstream
of discharge, north bank

Inges’*
GCamma isotopic (%) and 1-131

anic.als are on analysis semimonthly when

pasture, monthly at animals are on pasture;
other times. monthly at other times

amples from milking animals Semimonthly when

in three location within

S km distance having the
highest dose potential g
there are none, then one
sam, ¢ from milking animals
in each of three areas
between 5 to 8 km distant
where doses are calculated
to be greater than 1 mrem

Miik

per year

One sample from milking animnals

at a contro!l location, 1% to

30 km distant and In the least

prevalent wind direction.

milk puthway is currentily not
Program Should
satisfy

satisfy these requirements, the
Radiological Environmental Monitoring
of milking animals in locations which

include this pathway

Due to a lack of milk animals which
part of the Callaway Plant

identify the existence
the program will be revised to

incinded as a

the Annual Land Use Censt
these requirements, then
Season, or GCamma 1s50tLOpi« .H\ulybl:,“'

Samplie in
edible portions.

semiannually If they on
are not seasonal

One sample of each
commercialily and
recreationalily important
species In vicinity ot

plant discharge area

b. Fish

1.0 river mile downstream @ 135° Si
of discharge, north bank

One sampie Oof same specilies
areas not infiluenced by

plant discharge
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]

TABLE NOTATION

(cont Inue

4

(a) Doeviations are permitted from the required sampling schedule If specimens sre unobtsinable due to

: hazardous conditions scasonal unavailability, malfunction of automatic sampling equipment, and other
legitimate reasons If specimens are unobtainable due to sampling equipment malfunction, every effort
shal!l be made to complete corrective action prior to the end of the next sampling period, All
deviations from the sampling schedule shall be documented In the Annual Radiologlcal Environmenta!
Operating Report It is recogrifzud that, at times, It may not be possible or practical to continue to
obtain samplies of the media of choice at the .ost desired location or time. Iin these instances,
suitable alternative media and locations may be chosen for the particular pathway in question and
appropriate substitutions made within 30 days in the Radiological Environmental Monitoring Program
identify the cause of the unavailability of samples for that pathway and identify the new location(s)
for obtaining replzcement samples In the next Semi-Anr al Radioactive Effiluent Release Report and also
include in the report a revised figure(s) and table for the ODUM reflecting the new location(s).

(b) One or more instruments, such as a pressurized ion chamber, for measuring and recording dose rate
cont inuwous ly may be used in place of, or In addition to, integrating dosimeters, for the purpose of
this table, a8 thermoluminescent dosimeter (1LD) Is considered to be one phosphor; two or more phosphors
in 8 packot are considered as two Oor more dosimeters, Film badges shall not be used as dosimeters for
measuring direct radiation, the 40 stetions is not an absolute number The number of direct radiation
monitoring stations may be reduced according to geographical timitiations; e.g., at an ocean siwe, some
sectors will be over water s0 that the number of dosimnters may be reduced accordingly The frequency
of analysis or readou for TLD systems will depend upon the characteristics of the speciftic system used
and should be selected Lo obtain optimum dose information with minimal fading.

(c) The purpose of this sample is to obtain background ianformatin, If it is not practical to establish
control locations Iin accordance with the distance and wind direction criteria, other sites that provide
valid background data may be substituted

(d) GCamna sotopic analysis Is defined as the ldentification and quantification of gamma-emitting
radlonuciides that may be attributable to the effluents from the facility.

(e) Ihe “"upstream”™ sample shall be taken at a distance beyond significant influence of the discharge The
"downstream" sample shall be taken in an area beyond, but near the mixing zone

{(r) in this program, consi t volume sample aliquots are collected at time intervals that are short (e.qg.,
hourly) relative to the compositing period (e.g., monthiy)

0 (9) The dose shall be calculated for the maximum organ and age group using the methodology and parameters
in the ODCM

(%) If harvest occurs more than once a year, sampling shall be performed during each discrete harvest. it
harvest occurs cont..wmously, sampling shail be monthlily Attention shall be paid to including samples
tuberous and root food products.

or
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(SITE BOUNDARY FOR '
GASEOUS EFFLUENTS) ——
i ‘

|

UNION ELECTRIC CO.
CALLAWAY PLANT

AIRBORNE & TLD
SAMPLING NETWORK

FIGURE 5.1B REV 4
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6.0 DETERMINATION OF ANNUAL AVERAGE AND SHORT TERM
ATMOSPHERIC DISPERSION PARAMETERS

6.1 Atmospheric Dispersion Parameters

The values presented in Table 9 and Table 10 were
determined through the analysis of on-site meterologi-
cal data collected during the three year period of May
4671973 to May 5, 1975 and March 16, 1978 to March 16,
1979.

The PUFF (fluctuating plume) model and the straighte
line Gaussian (constant mean wind directiorn) model were
used for determination of the long-term atmospheric
dispersion parameters. A more detailed discussion of
the methodology and data utilized to calculate these
parameters can be found elsewhere (Ref. 9.6.12).

The terrain within 80 km of the site is gently rolling
with no important ranges of hills or mountains. There
are several small lakes and reservoirs in the region,
however none are large enough to significantly affect
the ambient dispersion parameters (Ref. 9.6.13).

6.1.1 Long Term Dispersion Estimates

6.1.1.1 The PUFF Model

The general equation for the PUFF model is

(Ref. 9.10.1):
X/Q = 2((2M)1 %0y %] | OXP = 1/2(¥'/5ient /0l
Where:
r2 = (X=ut) 2., yz
and O = oy - e
he - Effectivs release height (in meters).
Q = Zffluei: emission over the time interval (in
Curies).
t = Travel time (in seconds).
u = mean windspeec at the height of the release

peint (in m/sec).

(6.1)
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Values of the slope factor (S), are presented in TABLE
11.

Short term dispersion estimates are applicable to short
term releases which are not sufficiently random in bath
time of day and duration (e.g., the short term release
pericds are not dependent solely on atmospheric condie-
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 gener .l approach employed by subroutine PURGE of
X0QDOQ (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 anxd the Unit Vent.
However, instead of using approximation 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)1 values

for that release and at the location in descending
order. The (X/Q)1 value which corr¢ monded to the 15

percentila of all the calculated (X/Q) vaiv» within a
sector was extracted for use in the intermi: nt
release (X/Q) calculation.

The intermittent release (X/Q) curve was constructed
using the calculated l-hour 15 percenti e (X/Q)1 and

its corresponding annual average (X/Q)a. A graphic re~

presentation, of how the computational procedure works
is illustrated by Figure 4.8 of reference 9.17.4. The
straight line connecting these points represents (X/Q)i

values for intermittent releases, ranging in duration
from one (1) hour to 8760 hours. The slope (3) of the
curve is expressed as:

| =log LLXJQIAX/Q%M (6.8)
S = }

; log (Tang)
or

=(log (X/Q), = log (X/Q),) | (6.9)
S = ¢ {

log Ta - log T
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TABLE 10
H'GHEST ANNUAL AVERAGE ATMOSPHERIC DISPERSION PARAME TERS (a)

UNIT VENT

DISTANCE X/Q x/Q
{(METERS) */9 Decayed/Undep leted Decayed/Dep leted

LOCATION (D)

{sec/mi) (sec/m?) (sec/md)

SITE BOUNDARY ; 1300 Y -7 8E-7 8.8t

Nearest Cow () 50%3 3.6 ! 6E-7 . BE

Nearest Goast () 50%3 6E~7

Nearest Mest Animal 9t ~17
Nearest Vegtable (cC)
Garden

Nearest Residence(cC)

Owner Control led
Area fence (c)

values given are from FSAK, Table 2.3-82, and Table 2. .3-85

Date from 1986 Land Use Census
values derived from FSAK, Table 2.3-83, using the methodology presented in tquation (6.2)

(Ref. 9.16.2 and 9.16.3)

Buitlding Shape Parameter (C) 0.% (Ref 9.5.4)
verticael Height of Highest ,Jdjacent Bullding (V) 56.45 meters (Ref 9 .5)
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TABLE 11

SHORT TERM DISPERSION PARAMETERS (a) (c)

Slope Factor(Ss)

Location (b) Sector Distance Unit Vent Radwaste
(meters) Building
Vent
Site Boundary e 1300 -,328 -.320
Nearest Cow NW 5053 -, 263 -.266
Nearest Goat NW 5053 -, 263 -,266
Nearest Meat WNW 2736 -.262 -.268
Animal
Nearest Vegetable NNW 2865 -.264 -,268
Carden
Nearest Residence NNW 2865 -.264 -,268

(a) Reference 9.5.4
(b) Data Zrom 1936 Land Use Census
(¢) Recirculation Factor = 1.0

- 94 =




TABLE 12
APPLICATION OF ATMOSPHERIC DISPERSION PARAMETERS

DOSE PATHWAY ODCM_REFERINCE DISPERSION PARAMETER CONTROLLING AGE GROUP
Noble Gas, Beta Ailr 3.9.2.% X/Q, decayed/undepleted --

Nob'< Gas, Gamma Alr 3.5.2.% X/Q, decayed/undepleted i

Noble Gas, Total Body 3.5.1 & 3.5.1.1% X/Q, decayed/undepleted --

Noble Gas, Skin 3.4 & 3.5.1.1 X/Q, decayed/undepleted -

Ground Pinne Deposition 3.5.2.2:1 0/Q -
Inhalation 3:5.2.2.% X/Q, decayed/deploted Child
Vegetation 3.95.2.2.% D/o= Chilg

Milk 3.9.2.2.% D/Q% Child

Meat 3:9.2.2.% b/Q* Child

*for H-3 and C-14, X/Q, decayed/depleted is used instead of D/Q (Reference 9.11.1).
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7.0 SEMI-ANNUAL RADIOACTIVE EFFLUENT RELEASE
REPORT

Routine Radiocactive 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 Radicactive Effluent Release Reports include a sum-
mary of the quantities of radicactive liquid and
gaseous effluents and solid waste released from the
unit as outlined in Regulatory Guide 1.21, "Measuring,
Evaluating, and Reporting Radicactivity in Solid wWastes
and Releases of Radicactive Materials in Liquid and
Gaseous Effluents from Light-Water-Cooled Nuclear Power
Plants," Revision 1, June 1974, with data summarized on
a quarterly basis following the format of Appendix B
therecf. For solid wastes, the format for Table 3 in
Appendix B is supplemented with three additiocnal
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 Radicactive Effluent Release Report to be submitted
within 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 of wind
speed, wind direction, atmospheric stability, and pre-
cipitation, or in the form of joint frequency distribu-
:ions of wind speed wind direction, and atmospheric
stability.* This same report includes an assessment of
the radiation doses due to the radicactive 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 THF PUBLIC due to their activities inside the
SITE BOUNDARY during the report periocd. All assump-
tions used in making these assessments, i.e., specific
activity, exposure time and location, is included in
thesec reports. Acceptable methods for calculating the
dose contributions from liquid and gaseocus 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-
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ment Printing Office, Washington, D.C. 20402.

9.3 Title 40, "Protection of Environment", Chapter
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and D/Q Values", J. H. Smith (Bechtel Power
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Co.), dated February 27, 1984.
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9.5.4 Letter BLUE 1232, "Callaway Annual Average X/Q
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Power Corporation) to D. W. Capone (Union
Elecctric Co.), dated February 9, 1984.
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Plant Offsite Dose Calculations for Routine
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dated March 2z, 1934.
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9.6 Union Electric Company Callaway Plant, Unit 1,
Final Safety Analysis Report.
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