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Ron Benham
Manager Nuclear and Regulatory Affairs

April 26, 2020
RA 20-0040

U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555

Subject:  Docket No. 50-482: Wolf Creek Generating Station 2019 Annual Radioactive
Effluent Release Report — Report 43

To Whom It May Concern:

The purpose of this letter is to transmit the enclosed Wolf Creek Generating Station (WCGS)
Annual Radioactive Effluent Release Report. The report covers the period from January 1,
2019 through December 31, 2019. It is being submitted pursuant to Section 5.6.3 of the WCGS
Technical Specifications. The report provides procedures AP 07B-003, Revision 9, “Offsite
Dose Calculation Manual,” AP 07B-004, Revision 22, “Offsite Dose Calculation Manual
(Radiological Environmental Monitoring Program),” and AP 31A-100, Revisions 8 and 9, “Solid
Radwaste Process Control Program” that are included as part of the report in accordance with
Section 5.5.1 of the WCGS Technical Specifications. These procedures have the changes
made during the reporting period marked as required.

This letter contains no commitments. If you have any questions concerning this matter, please
contact me at (620) 364-4204.

Sincerely,

% MW”

Ron Benham

RDB/rlt

Enclosure: 2019 Annual Radioactive Effluent Release Report — Report 43

cc: S. A Morris (NRC), w/e
N. O’Keefe (NRC), w/e
B. K. Singal (NRC), w/e
Senior Resident Inspector (NRC), w/e

P.O. Box 411 | Burlington, KS 66839 | 620-364-8831
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Enclosure to RA 20-0040

Wolf Creek Generating Station

2019 Annual Radioactive Effluent Release Report — Report 43
(301 pages including this page)

This enclosure contains three enclosures:

Enclosure | Offsite Dose Calculation Manual, AP 07B-003, Revision 9

Enclosure Il Offsite Dose Calculation Manual (Radiological Environmental Monitoring
Program), AP 07B-004, Revision 22

Enclosure Il Solid Radwaste Process Control Program, AP 31A-100, Revision 9
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Introduction

This Annual Radioactive Effluent Release Report (ARERR) covers the
operation of Wolf Creek Generating Station (WCGS) from January 1,
2019 through December 31, 2019. The ARERR includes a summary of
the quantities of radioactive liquid and gaseous effluents and solid waste
released from the unit in accordance with Technical Specification 5.6.3.
The content of this ARERR is presented in the general format of Revision
1 of Regulatory Guide 1.21.
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SUPPLEMENTAL INFORMATION

A. Regulatory Limits
The Offsite Dose Calculation Manual (ODCM) describes the methodology and parameters
used in the calculation of offsite doses due to radioactive liquid and gaseous effluents.
The following are limits required by the ODCM:

1. GASEOUS EFFLUENTS
The dose rate due to radioactive materials released in gaseous effluents from the

site to areas at and beyond the site boundary shall be limited to the following:

For noble gases: a dose rate less than or equal to 500 mrem/yr to the whole body
and a dose rate less than or equal to 3000 mrem/yr to the skin, and

For lodine-131, lodine-133, tritium and all radionuclides in particulate form with
half-lives greater than 8 days: Less than or equal to 1500 mrem/yr to any organ.

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

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

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

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

During any calendar quarter: Less than or equal to 7.5 mrems to any organ, and
During any calendar year: Less than or equal to 15 mrems to any organ.

2. LIQUID EFFLUENTS
The concentration of radioactive material released in liquid effluents to unrestricted

areas shall be limited to 10 times the limit specified in 10 CFR 20, Appendix B,
Table 2, Column 2, for radionuclides other than dissolved or entrained noble
gases. For dissolved or entrained noble gases, the concentration shall be limited
to 2.00E-04 uCi/ml total activity.
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The dose or dose commitment to a member of the public from radioactive materials
in liquid effluents released to unrestricted areas shall be limited:

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

During any calendar year to less than or equal to 3 mrems to the whole body and
to less than or equal to 10 mrems to any organ.

B. Effluent Concentration Limit (ECL)

The concentration of radioactive material released in liquid effluents to unrestricted areas
shall be limited to 10 times the limit specified in 10 CFR 20, Appendix B, Table 2, Column
2, for radionuclides other than dissolved or entrained noble gases. For dissolved or
entrained noble gases, the concentration shall be limited to 2.00E-04 uCi/ml total activity.
The percent of ECL values are found in Appendix A, Table 4A.

C. Average Energy

Average energy of fission and activation gaseous effluents is not applicable. See ODCM
section 3.1 for the methodology used in determining the release rate limits from noble gas
releases.

D. Measurements and Approximations of Total Radioactivity

Measurements of total radioactivity were performed in accordance with the sampling and
analysis requirements of Tables 2-1 and 3-1 of the ODCM (Enclosure ).

Gamma spectroscopy is used as the primary method in determining radionuclide
composition and concentration of liquid and gaseous effluents. Liquid composites are
sent off site for analysis of Sr-89, Sr-90, Fe-55 and Ni-63. Gaseous composites are also
sent off site for Sr-89 and Sr-90 analysis. Liquid scintillation and scintillation alpha
counters are used to measure tritium and gross alpha.

E. Batch Releases

1. LIQUID
Number of batch releases - 46

Total time period for batch release — 7,260 minutes
Maximum time period for a batch release - 660 minutes
Average time period for batch releases — 157.8 minutes
Minimum time period for a batch release - 51 minutes

Average stream flow during periods of release of effluent into a flowing stream-
Not applicable
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2. GASEQOUS
Number of batch releases - 59

Total time period for batch release — 29,424 minutes
Maximum time period for a batch release — 8,799 minutes
Average time period for batch releases — 498.7 minutes

Minimum time period for a batch release - 22 minutes

Continuous Releases

1. GASES
Continuous gaseous release pathways include the Unit Vent and Radwaste Vent.

2. LIQUID
Continuous liquid release pathways include Steam Generator Blowdown, Lime

Sludge Pond, Turbine Building Sump and Waste Water Treatment.

Abnormal Releases

There were no unplanned or uncontrolled releases of radioactive material from the site
boundary in 2019.

Update on CR 00084942: On June 14, 2013, approximately 100 gallons of contaminated
water leaked from the Spent Fuel Pool into the Component Cooling Water A train
(CCW). The primary gamma emitting isotope (Cs-137) was removed from CCW by ion
exchange to below detection limits. By the end of 2014, the CCW tritium concentration
equalized in both trains to 1.00E-03 uCi/ml and no gamma emitting isotopes were
detected. A portion of the CCW system was drained through the normal discharge path
during the 2015, 2016, 2018 and 2019 refueling outages. After partially draining and
refilling the system, tritium values in the CCW are now approximately 4.00E-05 puCi/ml and
are less than the supervisory limit for the CCW system for the first time since the leak.
The CCW system is scheduled to be partially released and monitored through defined
ODCM discharge paths during the 2021 refueling outage for system maintenance. The
following CRs document the event and evaluation: 70420, 70451, 70546 and 72212.

GASEOUS EFFLUENTS

An elevated release pathway does not exist at WCGS. All airborne releases are considered to

be ground level releases. Appendix A, Table 1A contains the summation of all gaseous effluent

discharges, while Table 1B shows the quarterly sums of curies discharged and is divided
according to batch or continuous mode.
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lill. LIQUID EFFLUENTS

Summary information can be found in Appendix A, Tables 2A and 2B. Table 2A contains the
summation of all liquid effluent discharges, while Table 2B reports the quarterly sums of total
curies released and is divided according to batch or continuous mode.

IV. SOLID WASTE
Appendix A, Table 3 contains information on shipments of solid waste and irradiated fuel
transported from the site during the period.

RADIOLOGICAL IMPACT ON MAN
No ODCM dose limits were exceeded in 2019.

Dose calculations are performed for the limiting age group i.e., adult age group for the liquid
pathway and the child age group for gaseous effluent organ doses. All calculations were
performed in accordance with the methodology and parameters in the ODCM. A conservative
error of thirty percent has been estimated in the effluent data for liquid and gaseous dose.

A. Dose Due to Liquid Effluents

The dose due to liquid effluents was calculated in accordance with the methodology and
parameters in the ODCM and can be found in Appendix A, Tables 4B and 4C. Table 4C
is included to show the correlation between curies released and the associated calculated
maximum organ dose.

Wolf Creek ODCM methodology is used to calculate the maximum organ dose which
assumes that an individual drinks the water and eats the fish from the discharge point.
ODCM section 2.2 organ dose limits are used.

B. Dose Due to Gaseous Effluents

The dose due to gaseous effluents can be found in Appendix A, Tables 4D and 4E and is
calculated in accordance with the methodology and parameters in the ODCM. Table 4E
is included to show the correlation between curies released and the associated calculated
maximum organ dose. The gaseous pathway dose determination is met by the ODCM
methodology of assigning all gaseous pathways to a hypothetical individual residing at the
highest annual X/Q and D/Q location, which assumes that an individual resides at the site
boundary. This results in a conservative estimate of dose to a member of the public, rather
than determining each pathway dose for each release condition. ODCM section 3.2.2
organ dose limits are used.

2019 Annual Radioactive Effluent Release Report o1




VI.

VIl.

Dose to a Member of the Public from Activities Inside the

Site Boundary

Four activities by members of the public were considered in this evaluation. The dose
calculated for the maximum exposed individual is as follows:

Total Dose

Personnel making deliveries to the plant | 5.43E-01 mrem/yr

Public use of the cooling lake during times when fishing was | 6.84E-02 mrem/yr
allowed

Workers at the William Allen White Building located outside the | 1.16E-02 mrem/yr
protected area boundary

Use of the access road south of the Radwaste Building | 5.58E-03 mrem/yr

The plant delivery calculations were based on deliveries being made 3 hours per week for
50 weeks per year. The dose to anglers on the lake was based upon 3,576 hours (12
hours a day for 298 days, based on the number of days that the lake was open to anglers).
The William Allen White Building occupancy was based on normal working hours of 2,000
per year. The usage factor for the access road south of the Radwaste Building was 25
hours per year. The Submersion, Inhalation and Ground Plane pathway doses were
added to derive the total dose. All calculations were performed in accordance with the
methodology and parameters in the ODCM.

METEOROLOGICAL DATA
Appendix B documents WCGS meteorological data for wind speed, wind direction and
atmospheric stability.

ADDITIONAL INFORMATION

A.

Unplanned Releases
There were no unplanned releases in 2019.

OoDCM

The ODCM is in the form of two separate procedures. They are AP 07B-003 (Offsite Dose
Calculation Manual) and AP 07B-004 (Offsite Dose Calculation Manual-Radiological
Environmental Monitoring Program). Both procedures are attached as enclosures.

Radwaste Treatment System Changes

There were no major changes made to the Liquid, Solid or Gaseous Radwaste Systems
in 2019 that alter the capacity or handling of radioactive wastes or differ in the method of
treatment.
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D. Annual Land Use Census Changes
Per the Annual Land Use Census, no changes were identified for the nearest occupied
residence in each sector. Seven changes were noted for the nearest garden producing
broadleaf vegetation. There were no changes regarding milk sample locations. No
locations were identified that milked animals for human consumption.

E. Liquid Holdup or Gas Storage Tanks

No limits were exceeded in 2019 for Technical Requirement 3.10.1 (Liquid Holdup Tanks)
or Technical Surveillance Requirement 3.10.3.1 (Gas Storage Tanks).

F. Functionality of Effluent Monitoring Instrumentation
Effluent monitoring instrumentation returned to functional status within specified time.

G. Missed samples

CR 00136969

On night shift, 10-11-19, prior to shift change, the discharge of essential service water ‘A’
was lined up to go out LERE59. Chemistry had staged a technician at the discharge
location in preparation for the release. The technician was told by operations that the
release would not happen until after turnover. The technician informed the oncoming shift
technician and supervision of the delay. A day shift technician was then assigned to
sample the discharge at initiation. Upon review of log entries in Ops Autolog and
discussion with the control room, the technician discovered the discharge had started at
0630 (turnover time). The technician notified supervision and obtained the sample
approximately one hour after initiation. The ODCM says samples shall be taken at
initiation and once per 24 hours while the release is occurring. Initiation is defined in AP
07B-001 (Radioactive Release Procedure) as soon as possible following release start not
to exceed 30 minutes. The sample met the once per 24 hours requirement but did not
meet the definition of sample at initiation.

H. NEI Groundwater Protection Industry Initiative
See Appendix C.
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l. Other

CR 00131672

The Unit Vent permit U1GB2019-052 taken to the control room on 4-16-19 did not have
the setpoints entered and verified or the permit approved by the Shift Manager prior to
use. It was not discovered until 4/19/19 by the oncoming Shift Manager. Verifications and
approvals were obtained upon discovery. The new setpoints were the same as the
previous permit, so no limits were exceeded.

CR 00134423

The temporary chiller for ‘A’ Reactor Coolant Pump seal injection has a reservoir that is
open to the atmosphere. Lines running through the penetration are placed higher than
the chiller resulting in approximately ten gallons of reactor makeup water (a clean,
nonradioactive system) on the ground upon plant shut down for a planned outage.
Chemistry was consulted and it was determined there was no adverse condition as any
spillage would go to a storm drain which is an approved outfall.

CR 00138456

While taking daily readings for the Radwaste Tank Level Log on 11-3-19/0800, it was
discovered that the steam generator blowdown (BM) totalizer was reading 80 gallons. A
reading of zero was expected as BM was secured at the time. On 10-31-19, SYS BM-201
was performed to drain ‘A’ and ‘D’ steam generators (SG). During this evolution, BM HIS-
56 is placed in AUTO and BM LIC-56 (blowdown surge tank level control valve) is placed
in manual and throttled open. The evolution was terminated due to SG temperatures
being too high. It is believed that when the operator signed the step to close BM LV-56
using BM HIS-56, that the valve indicated closed based on low tank level but was still in
automatic. Although BM HIS-56 indicated that the valve was closed, neither operator
depressed the CLOSE button, so the valve was most likely left in the AUTO position. Later
when the surge tank level recovered, the valve would have reopened in AUTO and allowed
flow past the flow totalizer into the downstream piping. Based on the as found condition
of the system, no release to the environment occurred because the manual isolation valve
downstream of BM LV-056 was closed during this time, so no Offsite Dose Calculation
Manual surveillance/samples were missed. Applicable procedures were revised to
change the steps to close BM LV-056 by using the CLOSE push button for BM HIS-56.
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CR 00138964

On 12-2-19, GERE92 (Condenser Air Removal System Radiation Detector) was removed
from service for planned maintenance which opened CGV0038 and routed air to the
turbine building instead of the radiation monitor. Due to activity being seen in condenser
off gas samples, a miscellaneous gas permit was generated (U1GB2019-157) prior to
removing the monitor from service and found to have acceptable values. The permit was
used to track dose and curies released to the turbine building. These values were included
in the data used to generate the Annual Radioactive Effluent Release Report. It was
considered a planned, unmonitored release. The total curies and dose were well below
ODCM limits. No required samples were missed.

CR 00036059 (CARBON-14)

Regulation 10CFR50.36a requires nuclear power plants to report quantities of principal
radionuclides in the annual radioactive effluent release report. In the early 1980s, the
NRC decided that C-14 radionuclide would not be required to be reported because it would
not make a significant contribution to dose. Since this time, technology has advanced
both for effluent isotopic reduction and isotope detection and estimation. It is more likely
the C-14 meets the definition of a principal radionuclide in accordance with the newly
published Regulatory Guide 1.21 Revision 2 (June 2009).

The NRC allows the reporting of this isotope based on estimation methods. EPRI TR
1021106 developed an estimation method based on peer-reviewed research that
incorporates parameters of Wolf Creek’s reactor design to estimate the gross amount of
C-14 produced annually. This value is fed into additional calculations, based on
Regulatory Guide 1.109, Calculation of Annual Doses to Man From Routine Releases of
Reactor Effluents For the Purpose of Evaluating Compliance with 10 CFR Part 50,
Appendix |, to provide an estimation of annual dose. Based on the 2010 theoretical
calculations and assuming the maximum percentage of inorganic C-14 compounds (30%),
Wolf Creek has estimated the annual release of C-14 to be 10.7 curies. This will give
maximum dose values of 4.60 mrem/yr child bone dose and 0.921 mrem/yr child total
body dose. This is well below the 10CFR50, Appendix I, ALARA design objective of 15
mrem/yr. Additionally, this value is on par with the dose expected from naturally occurring
radiocarbon.
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(Effluent Tables)
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TABLE 1A:
GASEOUS EFFLUENTS-SUMMATION OF ALL RELEASES

Unit Quarter 1 | Quarter 2 | Quarter 3 | Quarter 4 | Est. Total
Error, %
Fission & Activation Gases
Total Release Ci 6.45E-01 | 5.88E-01 | 1.77E-01 | 1.91E-01 | 3.00E+01
Average Release Rate uCi/sec | 8.29E-02 | 7.47E-02 | 2.23E-02 | 2.40E-02
for period
Percent of ODCM limit % 1.23E-03 | 1.24E-03 | 7.79E-04 | 5.48E-04
lodines
Total lodine-131 Ci 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.00E+01
Average Release Rate uCi/sec | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
for period
Percent of ODCM limit % 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
Particulates
Particulates with half- Ci 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.00E+01
lives >8 days
Average Release Rate uCi/sec | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
for period
Percent of ODCM limit % 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
Gross alpha radioactivity Ci 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.00E+01
Tritium
Total release Ci 6.75E+00 | 1.57E+01 | 3.01E+01 | 1.88E+01 | 3.00E+01
Average Release Rate uCi/sec | 8.68E-01 | 2.00E+00 | 3.79E+00 | 2.36E+00
for period
Percent of ODCM limit % 6.37E-02 | 1.48E-01 | 2.84E-01 | 1.77E-01
=
[N
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TABLE 1B:
GASEOUS EFFLUENTS-GROUND LEVEL RELEASES-BATCH MODE

Nuclides Released Unit Quarter 1 Quarter 2 Quarter 3 Quarter 4
Fission gases
Argon-41 Ci 9.35E-02 9.47E-02 5.98E-02 4.20E-02
Xenon-133 Ci 8.01E-04 9.64E-04 3.01E-04 3.20E-04
Krypton-85 Ci 5.50E-01 4.92E-01 1.17E-01 1.48E-01
Krypton-87 Ci <3.58E-03 <3.45E-03 <1.50E-01 | <2.45E-01
Krypton-88 Ci <3.35E-03 <3.22E-03 <1.40E-01 | <2.29E-01
Xenon-133m Ci <7.70E-03 <7.42E-03 <3.23E-01 | <5.27E-01
Xenon-135 Ci <7.63E-04 <7.35E-04 <3.20E-02 | <5.22E-02
Xenon-138 Ci <5.81E-02 <5.60E-02 | <2.44E+00 | <3.98E+00
Total for period* Ci 6.45E-01 5.88E-01 1.77E-01 1.91E-01
lodines
lodine-131 Ci <1.00E-07 <9.68E-08 <4.22E-06 | <6.88E-06
lodine-133 Ci <1.00E-05 <9.68E-06 <4.22E-04 | <6.88E-04
Total for period* Ci 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Particulates
Strontium-89 Ci <1.00E-06 <9.68E-07 <4.22E-05 | <6.88E-05
Strontium-90 Ci <1.00E-06 <9.68E-07 <4.22E-05| <6.88E-05
Cesium-134 Ci <1.00E-06 <9.68E-07 <4.22E-05| <6.88E-05
Cesium-137 Ci <1.00E-06 <9.68E-07 <4.22E-05 | <6.88E-05
Manganese-54 Ci <1.00E-06 <9.68E-07 <4.22E-05| <6.88E-05
Iron-59 Ci <1.00E-06 <9.68E-07 <4.22E-05| <6.88E-05
Cobalt-58 Ci <1.00E-06 <9.68E-07 <4.22E-05 | <6.88E-05
Cobalt-60 Ci <1.00E-06 <9.68E-07 <4.22E-05| <6.88E-05
Zinc-65 Ci <1.00E-06 <9.68E-07 <4.22E-05| <6.88E-05
Molybdenum-99 Ci <1.00E-06 <9.68E-07 <4.22E-05 | <6.88E-05
Cerium-141 Ci <1.00E-06 <9.68E-07 <4.22E-05| <6.88E-05
Cerium-144 Ci <1.00E-06 <9.68E-07 <4.22E-05| <6.88E-05
Total for period* Ci 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Tritium Ci 6.32E-01 1.82E+00 1.32E+01 1.32E+00
Gross Alpha Ci <1.00E-06 <9.68E-07 <4.22E-05| <6.88E-05

*Less than values are not included in the summation for the total release values.
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TABLE 1B:
GASEOUS EFFLUENTS-GROUND LEVEL RELEASES -CONTINUOUS MODE

Nuclides Released Unit Quarter 1 Quarter 2 Quarter 3 Quarter 4
Fission gases
Xenon-133 Ci <7.17E+00 | <7.35E+00 | <7.39E+00| <7.11E+00
Krypton-87 Ci <8.82E+00 | <9.04E+00| <9.09E+00 | <8.74E+00
Krypton-88 Ci <8.24E+00 | <8.45E+00| <8.49E+00| <8.17E+00
Xenon-133m Ci <1.90E+01 | <1.94E+01| <1.96E+01| <1.88E+01
Xenon-135 Ci <1.88E+00 | <1.93E+00| <1.94E+00| <1.86E+00
Xenon-138 Ci <1.43E+02 | <1.47E+02 | <1.48E+02 | <1.42E+02
Total for period Ci 0.00E+00 0.00E+00 0.00E+00 0.00E+00
lodines
lodine-131 Ci <2.47E-04 <2.54E-04 <2.55E-04 | <2.45E-04
lodine-133 Ci <2.47E-02 <2.54E-02 <2.55E-02 | <2.45E-02
Total for period Ci 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Particulates
Strontium-89 Ci <2.47E-03 <2.54E-03 <2.55E-03 <2.45E-03
Strontium-90 Ci <2.47E-03 <2.54E-03 <2.55E-03 | <2.45E-03
Cesium-134 Ci <2.47E-03 <2.54E-03 <2.55E-03 <2.45E-03
Cesium-137 Ci <2.47E-03 <2.54E-03 <2.55E-03 <2.45E-03
Manganese-54 Ci <2.47E-03 <2.54E-03 <2.55E-03 | <2.45E-03
Iron-59 Ci <2.47E-03 <2.54E-03 <2.55E-03 <2.45E-03
Cobalt-58 Ci <2.47E-03 <2.54E-03 <2.55E-03 <2.45E-03
Cobalt-60 Ci <2.47E-03 <2.54E-03 <2.55E-03 | <2.45E-03
Zinc-65 Ci <2.47E-03 <2.54E-03 <2.55E-03 <2.45E-03
Molybdenum-99 Ci <2.47E-03 <2.54E-03 <2.55E-03 <2.45E-03
Cerium-141 Ci <2.47E-03 <2.54E-03 <2.55E-03 | <2.45E-03
Cerium-144 Ci <2.47E-03 <2.54E-03 <2.55E-03 <2.45E-03
Total for period Ci 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Tritium Ci 6.12E+00 1.39E+01 1.70E+01 1.75E+01
Gross Alpha Ci <2.47E-03 <2.54E-03 <2.55E-03 | <2.45E-03

*Less than values are not included in the summation for the total release values.
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TABLE 2A:
LIQUID EFFLUENTS - SUMMATION OF ALL RELEASES

Unit | Quarter 1 | Quarter 2 | Quarter 3 | Quarter 4 | Est. Total
Error, %
FISSION AND ACTIVATION PRODUCTS
Total Release (not including Ci | 2.37E-04 | 1.91E-03 | 8.27E-03 | 4.46E-03 | 3.00E+01
tritium, gases, alpha)
Average Diluted uCi/ | 9.28E-13 | 6.95E-12 | 3.34E-11 | 2.68E-11
Concentration during period mi
Percent of Applicable Limit % | 4.74E-03 | 3.82E-02 | 1.65E-01 | 8.93E-02
TRITIUM
Total Release Ci | 2.09E+02 | 6.82E+02 | 5.27E+02 | 1.28E+02 | 3.00E+01
Average Diluted puCi/ | 8.19E-07 | 2.48E-06 | 2.13E-06 | 7.70E-07
Concentration during period mi
Percent of Applicable Limit % | 8.19E-02 | 2.48E-01 | 2.13E-01 | 7.70E-02
DISSOLVED AND ENTRAINED GASES
Total Release Ci | 0.00E+00 | 3.19E-04 | 4.15E-03 | 6.93E-05 | 3.00E+01
Average Diluted pCi/ | 0.00E+00 | 1.16E-12 | 1.68E-11 | 4.16E-13
Concentration during period mi
Percent of Applicable Limit % | 0.00E+00 | 5.81E-07 | 8.41E-06 | 2.08E-07
GROSS ALPHA RADIOACTIVITY
Total Release Ci | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.00E+01
Volume of waste released L 8.92E+07 | 9.56E+07 | 1.18E+08 | 1.78E+08 | 3.00E+01
(prior to dilution)
Volume of dilution water used L 2.55E+11 | 2.75E+11 | 2.47E+11 | 1.67E+11 | 3.00E+01
during period
=
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TABLE 2B: LIQUID EFFLUENTS - BATCH MODE

Nuclides Released ‘

Unit

| Quarter 1 | Quarter 2 | Quarter 3 | Quarter 4

Fission & Activation Products

Strontium-89 Ci <1.01E-05 | <2.74E-05 | <3.34E-05 | <3.14E-05
Strontium-90 Ci <1.01E-05 | <2.74E-05 | <3.34E-05 | <3.14E-05
Cesium-134 Ci <1.01E-04 | 3.38E-05| 1.58E-05 7.51E-06
Cesium-137 Ci 497E-05| 3.80E-04 | 2.49E-04 8.49E-06
Cobalt-57 Ci 0.00E+00 | 0.00E+00 | 3.63E-05 1.04E-05
Cobalt-58 Ci 3.21E-06 | 2.61E-05| 9.14E-04 7.22E-04
Cobalt-60 Ci <1.01E-04 | 6.96E-06 | 2.26E-04 8.02E-05
Iron-55 Ci <2.01E-04 | <5.47E-04 | <6.68E-04 | <6.27E-04
Iron-59 Ci <1.01E-04 | <2.74E-04 | <3.34E-04 | <3.14E-04
Zinc-65 Ci <1.01E-04 | <2.74E-04 | <3.34E-04 | <3.14E-04
Manganese-54 Ci <1.01E-04 | 1.49E-06 | 2.62E-05| <3.14E-04
Nickel-63 Ci 7.45E-05 | 2.02E-04 | 5.68E-03 2.95E-03
Antimony-124 Ci 0.00E+00 | 0.00E+00 | 2.38E-06 2.40E-05
Antimony-125 Ci 1.09E-04 | 1.26E-03 | 1.12E-03 5.70E-04
Molybdenum-99 Ci <1.01E-04 | <2.74E-04 | <3.34E-04 | <3.14E-04
Cerium-141 Ci <1.01E-04 | <2.74E-04 | <3.34E-04 | <3.14E-04
Cerium-144 Ci <1.01E-04 | <2.74E-04 | <3.34E-04 | <3.14E-04
Chromium-51 Ci 0.00E+00 | 0.00E+00 | 0.00E+00 9.12E-05
lodine-131 Ci <2.01E-04 | <5.47E-04 | <6.68E-04 | <6.27E-04
Total for period* Ci 2.37E-04 | 1.91E-03| 8.27E-03 4.46E-03
Dissolved & Entrained Gases
Xenon-133 Ci <2.01E-03 | 3.15E-04 | 3.46E-03 6.93E-05
Xenon-133m Ci <2.01E-03 | <56.47E-03 | 5.71E-05| <6.27E-03
Xenon-135 Ci <2.01E-03 | 4.66E-06 | 6.32E-04 | <6.27E-03
Total for period* Ci 0.00E+00 | 3.19E-04 | 4.15E-03 6.93E-05
Tritium Ci 2.07E+02 | 6.81E+02 | 5.25E+02 1.27E+02
Gross Alpha Ci <2.01E-05 | <5.47E-05 | <6.68E-05 | <6.27E-05

*Less than values are not included in the summation for the total release values.
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TABLE 2B: LIQUID EFFLUENTS — CONTINUOUS MODE

Nuclides Released | Unit | Quarter1 | Quarter2 | Quarter3 | Quarter 4
Fission & Activation Products

Strontium-89 Ci <4.45E-03 | <4.76E-03 | <5.85E-03 | <8.85E-03

Strontium-90 Ci <4.45E-03 | <4.76E-03 | <b5.85E-03 | <8.85E-03

Cesium-134 Ci <4.45E-02 | <4.76E-02 | <5.85E-02 | <8.85E-02

Cesium-137 Ci <4.45E-02 | <4.76E-02 | <5.85E-02 | <8.85E-02

Cobalt-58 Ci <4.45E-02 | <4.76E-02 | <5.85E-02 | <8.85E-02

Cobalt-60 Ci <4.45E-02 | <4.76E-02 | <5.85E-02 | <8.85E-02

Iron-55 Ci <8.90E-02 | <9.51E-02 | <1.17E-01 | <1.77E-01

Iron-59 Ci <4.45E-02 | <4.76E-02 | <5.85E-02 | <8.85E-02

Zinc-65 Ci <4.45E-02 | <4.76E-02 | <5.85E-02 | <8.85E-02

Manganese-54 Ci <4.45E-02 | <4.76E-02 | <5.85E-02 | <8.85E-02

Nickel-63 Ci <8.90E-02 | <9.51E-02 | <1.17E-01 | <1.77E-01

Molybdenum-99 Ci <4.45E-02 | <4.76E-02 | <5.85E-02 | <8.85E-02

Cerium-141 Ci <4.45E-02 | <4.76E-02 | <5.85E-02 | <8.85E-02

Cerium-144 Ci <4.45E-02 | <4.76E-02 | <5.85E-02 | <8.85E-02

lodine-131 Ci <8.90E-02 | <9.51E-02 | <1.17E-01 | <1.77E-01

Total for period* Ci 0.00E+00 | 0.00E+00 0.00E+00 | 0.00E+00
Dissolved & Entrained Gases

Total for period* Ci 0.00E+00 | 0.00E+00 0.00E+00 | 0.00E+00

Tritium Ci 1.78E+00 1.76E+00 2.00E+00 | 1.67E+00

Gross Alpha Ci <8.90E-03 | <9.51E-03 | <1.17E-02 | <1.77E-02

*Less than values are not included in the summation for the total release values.
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TABLE 3:

SOLID WASTE AND IRRADIATED FUEL SHIPMENTS

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

1. Type of Waste

a. Spent resins, filter sludges, evaporator bottoms, etc.
b. Dry compressible waste, contaminated equip., etc.
c. lIrradiated components, control rods, etc.

d. Other

*This is the volume sent offsite for volume reduction prior to disposal (waste volume).

Units

m?3*
Ci
mS
Ci
m3
Ci
m?*
Ci

*

*

2. Estimate of Major Nuclide Composition (by Type of Waste)

[Nuclides listed with % abundance greater than 10%]

a. Spent resins, filter sludges, evaporator bottoms, etc.

Nuclide % Abundance Curies
Ni-63 28.18 4.01E+00
Fe-55 47.46 6.75E+00

b. Dry compressible waste, contaminated equipment, etc.

Nuclide % Abundance Curies
Fe-55 37.32 1.25E-01
Co-58 11.17 3.73E-02
Co-60 20.86 6.96E-02
Ni-63 26.06 8.70E-02

c. lIrradiated components, control rods, etc. — None
d. Other - Qil

Nuclide % Abundance Curies

None
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1-Year

Period
1.05E+01
1.30E+02
3.15E+02
3.33E-01
0.00E+00
0.00E+00
0.00E+00
0.00E+00

Est. Total
Error (%)

2.50E+01

2.50E+01

2.50E+01
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3. Solid Waste Disposition

Number of Shipments
12

4. Class of Solid Waste

a. Class A, Class B, Class C - corresponding to 2a

Mode of Transportation

Truck
(Hittman Transport Services)

Truck
(Hittman Transport Services)

Truck
(Interstate Ventures, Inc.)

b. Class A -Corresponding to 2b

c. Not applicable

d. Not applicable

5. Type of Container

a. LSA (General Design), Type A - corresponding to 2a
b. LSA (General Design) - corresponding to 2b
c. Not applicable
d. Not applicable
6. Solidification Agent
a. Not applicable
b. Not applicable
c. Not applicable

d. Not applicable

B. IRRADIATED FUEL SHIPMENTS (DISPOSITION)

Destination

Energy Solutions
Oak Ridge, TN
(Bear Creek)

Energy Solutions
Erwin, TN
(Resin Solutions)

Waste Control Specialists LLC
TSD facility
Andrews County, Texas

No irradiated fuel shipments occurred during the 2019 period.
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TABLE 4A: 2019 EFFLUENT CONCENTRATION LIMITS

Average Diluted 10 CFR 20

Nuclides Curies Concentration ECL % ECL
(UCi/ml) (UCi/ml)

Tritium 1.55E+03 1.64E-06 1.00E-03 1.64E-01
Chromium-51 9.12E-05 9.67E-14 5.00E-04 1.93E-08
Manganese-54 2.77E-05 2.94E-14 3.00E-05 9.80E-08
Cobalt-57 4.67E-05 4.95E-14 6.00E-05 8.25E-08
Cobalt-58 1.66E-03 1.76E-12 2.00E-05 8.80E-06
Cobalt-60 3.13E-04 3.32E-13 3.00E-06 1.11E-05
Nickel-63 8.90E-03 9.43E-12 1.00E-04 9.43E-06
Antimony-124 2.64E-05 2.80E-14 7.00E-06 4.00E-07
Antimony-125 3.06E-03 3.24E-12 3.00E-05 1.08E-05
Cesium-134 5.71E-05 6.05E-14 9.00E-07 6.72E-06
Cesium-137 6.87E-04 7.28E-13 1.00E-06 7.28E-05
Xenon-133m 5.71E-05 6.05E-14 2.00E-04 3.03E-08
Xenon-133 3.85E-03 4.08E12 2.00E-04 2.04E-06
Xenon-135 6.37E-04 6.75E-13 2.00E-04 3.38E-07
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TABLE 4B: 2019 LIQUID CUMULATIVE DOSE SUMMARY

ODCM ODCM Limit % of Limit
QUARTER 1 OF 2019 (MREM) Calculated Dose (mrem)
Total Dose for Bone 2.01E-04 5.00E+00 4.02E-03
Total Dose for Liver 1.70E-02 5.00E+00 3.40E-01
Total Dose for Total Body 1.69E-02 1.50E+00 1.13E+00
Total Dose for Thyroid 1.67E-02 5.00E+00 3.34E-01
Total Dose for Kidney 1.68E-02 5.00E+00 3.36E-01
Total Dose for Lung 1.67E-02 5.00E+00 3.34E-01
Total Dose for GI-LLI 1.67E-02 5.00E+00 3.34E-01
QUARTER 2 OF 2019 (MREM)
Total Dose for Bone 1.36E-03 5.00E+00 2.72E-02
Total Dose for Liver 5.77E-02 5.00E+00 1.15E+00
Total Dose for Total Body 5.71E-02 1.50E+00 3.81E+00
Total Dose for Thyroid 5.58E-02 5.00E+00 1.12E+00
Total Dose for Kidney 5.65E-02 5.00E+00 1.13E+00
Total Dose for Lung 5.60E-02 5.00E+00 1.12E+00
Total Dose for GI-LLI 5.59E-02 5.00E+00 1.12E+00
QUARTER 3 OF 2019 (MREM)
Total Dose for Bone 4.46E-03 5.00E+00 8.92E-02
Total Dose for Liver 1.01E-01 5.00E+00 2.02E+00
Total Dose for Total Body 1.01E-01 1.50E+00 6.73E+00
Total Dose for Thyroid 1.00E-01 5.00E+00 2.00E+00
Total Dose for Kidney 1.00E-01 5.00E+00 2.00E+00
Total Dose for Lung 1.00E-01 5.00E+00 2.00E+00
Total Dose for GI-LLI 1.00E-01 5.00E+00 2.00E+00
QUARTER 4 OF 2019 (MREM)
Total Dose for Bone 8.29E-03 5.00E+00 1.66E-01
Total Dose for Liver 1.30E-01 5.00E+00 2.60E+00
Total Dose for Total Body 1.30E-01 1.50E+00 8.67E+00
Total Dose for Thyroid 1.28E-01 5.00E+00 2.56E+00
Total Dose for Kidney 1.28E-01 5.00E+00 2.56E+00
Total Dose for Lung 1.28E-01 5.00E+00 2.56E+00
Total Dose for GI-LLI 1.28E-01 5.00E+00 2.56E+00
TOTALS FOR 2019 (MREM)
Total Dose for Bone 1.43E-02 1.00E+01 1.43E-01
Total Dose for Liver 3.06E-01 1.00E+01 3.06E+00
Total Dose for Total Body 3.04E-01 3.00E+00 1.01E+01
Total Dose for Thyroid 3.00E-01 1.00E+01 3.00E+00
Total Dose for Kidney 3.02E-01 1.00E+01 3.02E+00
Total Dose for Lung 3.01E-01 1.00E+01 3.01E+00
Total Dose for GI-LLI 3.01E-01 1.00E+01 3.01E+00
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TABLE 4C:
LIQUID CUMULATIVE DOSE SUMMARY

Quarter 1 Quarter 2 Quarter 3 Quarter 4 Total

Fission & Activation Products*
Total Release (Ci) 2.37E-04 | 1.91E-03 | 8.27E-03 | 4.46E-03 | 1.49E-02
Maximum Organ Dose (mrem) 2.38E-04 | 1.85E-03 | 4.46E-03 | 8.29E-03 | 1.43E-02
Organ Dose Limit (mrem) 5.00E+00 | 5.00E+00 | 5.00E+00 | 5.00E+00 | 1.00E+01
Percent of Limit 4.77E-03 | 3.70E-02 | 8.92E-02 | 1.66E-01 | 1.43E-01
Tritium
Total Release (Ci) 2.09E+02 | 6.82E+02 | 5.27E+02 | 1.28E+02 | 1.55E+03
Maximum Organ Dose (mrem) 1.67E-02 | 5.58E-02 | 1.00E-01 | 1.28E-01 | 3.00E-01
Organ Dose Limit (mrem) 5.00E+00 | 5.00E+00 | 5.00E+00 | 5.00E+00 | 1.00E+01
Percent of Limit 3.34E-01 | 1.12E+00 | 2.00E+00 | 2.56E+00 | 3.00E+00
Dissolved & Entrained Gases

| Total Release (Ci) | 0.00E+00 | 3.19E-04 | 4.15E-03 | 6.93E-05 | 4.54E-03 |

Gross Alpha Radioactivity

| Total Release (Ci)

\ 0.00E+00 \ 0.00E+00 \ 0.00E+00 \ 0.00E+00 \ 0.00E+00 |

*Does not include H-3, gases or alpha
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TABLE 4D: 2019 GASEOUS CUMULATIVE DOSE SUMMARY

ODCM ODCM Limit % of Limit
QUARTER 1 OF 2019 (MREM) Calculated Dose (mrem)
Total Dose for Bone 0.00E+00 7.50E+00 0.00E+00
Total Dose for Liver 4.78E-03 7.50E+00 6.37E-02
Total Dose for Total Body 4.78E-03 7.50E+00 6.37E-02
Total Dose for Thyroid 4.78E-03 7.50E+00 6.37E-02
Total Dose for Kidney 4.78E-03 7.50E+00 6.37E-02
Total Dose for Lung 4.78E-03 7.50E+00 6.37E-02
Total Dose for GI-LLI 4.78E-03 7.50E+00 6.37E-02
QUARTER 2 OF 2019 (MREM)
Total Dose for Bone 0.00E+00 7.50E+00 0.00E+00
Total Dose for Liver 1.11E-02 7.50E+00 1.48E-01
Total Dose for Total Body 1.11E-02 7.50E+00 1.48E-01
Total Dose for Thyroid 1.11E-02 7.50E+00 1.48E-01
Total Dose for Kidney 1.11E-02 7.50E+00 1.48E-01
Total Dose for Lung 1.11E-02 7.50E+00 1.48E-01
Total Dose for GI-LLI 1.11E-02 7.50E+00 1.48E-01
QUARTER 3 OF 2019 (MREM)
Total Dose for Bone 0.00E+00 7.50E+00 0.00E+00
Total Dose for Liver 2.13E-02 7.50E+00 2.84E-01
Total Dose for Total Body 2.13E-02 7.50E+00 2.84E-01
Total Dose for Thyroid 2.13E-02 7.50E+00 2.84E-01
Total Dose for Kidney 2.13E-02 7.50E+00 2.84E-01
Total Dose for Lung 2.13E-02 7.50E+00 2.84E-01
Total Dose for GI-LLI 2.13E-02 7.50E+00 2.84E-01
QUARTER 4 OF 2019 (MREM)
Total Dose for Bone 0.00E+00 7.50E+00 0.00E+00
Total Dose for Liver 1.33E-02 7.50E+00 1.77E-01
Total Dose for Total Body 1.33E-02 7.50E+00 1.77E-01
Total Dose for Thyroid 1.33E-02 7.50E+00 1.77E-01
Total Dose for Kidney 1.33E-02 7.50E+00 1.77E-01
Total Dose for Lung 1.33E-02 7.50E+00 1.77E-01
Total Dose for GI-LLI 1.33E-02 7.50E+00 1.77E-01
TOTALS FOR 2019 (MREM)
Total Dose for Bone 0.00E+00 1.50E+01 0.00E+00
Total Dose for Liver 5.05E-02 1.50E+01 3.37E-01
Total Dose for Total Body 5.05E-02 1.50E+01 3.37E-01
Total Dose for Thyroid 5.05E-02 1.50E+01 3.37E-01
Total Dose for Kidney 5.05E-02 1.50E+01 3.37E-01
Total Dose for Lung 5.05E-02 1.50E+01 3.37E-01
Total Dose for GI-LLI 5.05E-02 1.50E+01 3.37E-01
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TABLE 4E: 2019 GASEOUS CUMULATIVE DOSE SUMMARY

| Quarter 1 | Quarter 2 | Quarter 3 | Quarter4 |  Total
Fission & Activation Gases
Total Release (Ci) 6.45E-01 | 5.88E-01 | 1.77E-01 | 1.91E-01 | 1.60E+00
Total Gamma Air Dose (mrad) 6.13E-05 | 6.21E-05 | 3.89E-05 | 2.74E-05 | 1.90E-04
Gamma Air Dose Limit (mrad) 5.00E+00 | 5.00E+00 | 5.00E+00 | 5.00E+00 | 1.00E+01
Percent of Gamma Air Dose Limit 1.23E-03 | 1.24E-03 | 7.79E-04 | 5.48E-04 | 1.90E-03
Total Beta Air Dose (mrad) 9.63E-05 | 8.86E-05 | 2.96E-05 | 2.98E-05 | 2.44E-04
Beta Air Dose Limit (mrad) 1.00E+01 | 1.00E+01 | 1.00E+01 | 1.00E+01 | 2.00E+01
Percent of Beta Air Dose Limit 9.63E-04 | 8.86E-04 | 2.96E-04 | 2.98E-04 | 1.22E-03
Particulates
Total Particulates (Ci) 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
Maximum Organ Dose (mrem) 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
Organ Dose Limit (mrem) 7.50E+00 | 7.50E+00 | 7.50E+00 | 7.50E+00 | 1.50E+01
Percent of Limit 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
Tritium
Total Release (Ci) 6.75E+00 | 1.57E+01 | 3.01E+01 | 1.88E+01 | 7.14E+01
Maximum Organ Dose (mrem) 4.78E-03 | 1.11E-02 | 2.13E-02 | 1.33E-02 | 5.05E-02
Organ Dose Limit (mrem) 7.50E+00 | 7.50E+00 | 7.50E+00 | 7.50E+00 | 1.50E+01
Percent of Limit 6.37E-02 | 1.48E-01 | 2.84E-01 | 1.77E-01 | 3.37E-01
lodine
Total Release (Ci) 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
Maximum Organ Dose (mrem) 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
Organ Dose Limit (mrem) 7.50E+00 | 7.50E+00 | 7.50E+00 | 7.50E+00 | 1.50E+01
Percent of Limit 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
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CALCULATIONS:

Gases:

The percent of ODCM limit for fission and activation gases is calculated using the following
methodology: (The larger value calculated between Gamma and Beta air dose is listed as the %
of ODCM Limit)

(Quarterly Total Beta Airdose)(100)
10 mrad

% of ODCM Limit =

OR

(Quarterly Total Gamma Airdose)(100)
5mrad

% of ODCM Limit =

The percent of ODCM limit for iodine is calculated using the following methodology:

(Total Curies of Iodine — 131)(100)
1 Curie

% of ODCM Limit =

The percent of ODCM limit for particulates is calculated using the following methodology:

(Highest Organ Dose due to Particulates)(100)
7.5 mrem

% of ODCM Limit =

The percent of ODCM limit for tritium is calculated using the following methodology (this type of
methodology is used since the Wolf Creek ODCM ties release limits to doses rather than curie
release rates:

(Highest Organ Dose due to H — 3)(100)
7.5 mrem

% of ODCM Limit =

Less than values for Noble Gases are calculated using the Lower Limit of Detection (LLD) values
obtained at WCGS multiplied by the volume of air discharged during the respective quarter. For
the Halogens and Particulates, the ODCM LLD values are used.

Liguids:
The Applicable Limit for fission and activation products at WCGS is 5 curies per year (reference
10CFR50, Appendix I, paragraph A.2). The percent of Applicable Limit is derived by the following:

(Total Release Ci)(100)
5Ci

% of Applicable Limit =

The percent of Applicable Limit for tritium is derived by the following formula:

(Average Diluted Concentration)(100)

% of Applicable Limit = (ECL)

*The ECL can be found in 10CFR20, Appendix B, Table 2

vc




3. The percent of Applicable Limit for dissolved and entrained gases is derived by the following
formula:

(Average Diluted Concentration)(100)
(2.00E — 04%)

% of Applicable Limit =
*From ODCM, section 2.1
4. Less than values are calculated using the Lower Limit of Detection (LLD) values listed in Table 2-

1 of the ODCM multiplied by the volume of waste discharged during the respective quarter. The
less than values are not included in the summation for the total release values.

G¢
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Appendix B
Meteorological Data
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HOURS AT EACH WIND SPEED AND DIRECTION

This section documents WCGS metrological data for wind speed, wind direction and atmospheric
stability.

The meteorological data supplied in the following tables covers the period from January 1, 2019 through
December 31, 2019 and indicates the number of hours at each wind speed and direction for each stability
class. All gaseous releases at the WCGS are ground level releases.

Wolf Creek Generating station did not meet Regulatory Guide 1.23 requirements for data recovery, for
all instruments. The 60 Meter Wind Speed, due to instrument problems and weather concerns in the first
guarter, had 76.04% data recovery. Condition reports 132263,130318 and 129287 were written on the
issues and work orders have since been completed fixing the issues. The 60 Meter Direction instrument
had an 87.38% data recovery for 2019. Condition report 128191 was written on the issue and work orders
have since been completed fixing the issues. The remaining instruments, both at 10 and 60 meters, met
or exceeded a 90% metrological data recovery for 2019.

LC
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Period of Record: JANUARY 1 THROUGH DECEMBER 31, 2019

Stability Class: A

Elevation: 10 Meters

Wind
Direction
Cardinals
N

NNE
NE
ENE

E

ESE

SE

SSE

S

SSW
SwW
WSW
W
WNW
NW
NNW
Total

Hours of Calm (<1.0 mph): 6.25

2019 Annual Radioactive Effluent Release Report

wind Speed (mph)

Hours At Each Wind Speed and Direction

1-3 4-7 8-12 13-18 19-24 > 24 Total
0.25 2.25 11.75 11.00 2.50 0.00 27.75
1.25 5.00 8.25 0.75 0.00 0.00 15.25
0.25 11.00 2.75 0.00 0.00 0.00 14.00
0.75 8.50 3.00 0.25 0.00 0.00 12.50
1.50 13.25 5.50 0.75 0.00 0.00 21.00
1.00 9.50 18.75 4.00 0.00 0.00 33.25
0.50 7.25 28.50 10.50 0.25 0.00 47.00
0.75 8.00 54.00 22.50 0.50 0.00 85.75
0.75 4.00 46.00 94.50 28.25 1.75 175.25
0.00 0.50 24.00 24.25 4.75 0.25 53.75
0.25 1.50 13.00 6.50 1.00 0.00 22.25
0.75 2.00 10.00 7.00 4.75 2.00 26.50
1.50 4.00 17.25 9.00 0.50 0.25 32.50
1.25 4.25 13.75 12.50 1.25 0.00 33.00
1.50 3.25 5.75 7.25 1.75 1.25 20.75
1.00 3.00 4.75 7.25 3.25 0.00 19.25
13.25 87.25 267.00 218.00 48.75 5.50 639.75
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Period of Record: JANUARY 1 THROUGH DECEMBER 31, 2019

Stability Class: B

Elevation: 10 Meters

Wind
Direction
Cardinals
N

NNE
NE
ENE

E

ESE

SE

SSE

S

SSW
SwW
WSW
W
WNW
NW
NNW
Total

Hours of Calm (<1.0 mph): 5.75
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Hours At Each Wind Speed and Direction

wind Speed (mph)

1-3 4-7 8-12 13-18 19-24 > 24 Total
1.50 3.25 10.25 9.00 3.00 0.00 27.00
2.25 11.50 9.50 2.00 0.00 0.00 25.25
1.00 14.25 3.00 0.00 0.00 0.00 18.25
0.50 12.25 6.25 1.00 0.00 0.00 20.00
2.25 12.75 6.50 1.75 0.00 0.00 23.25
2.00 13.75 8.75 0.25 0.00 0.00 24.75
1.00 10.50 14.50 2.25 0.50 0.00 28.75
1.00 16.25 29.25 7.00 0.75 0.75 55.00
1.25 7.75 27.50 15.75 6.25 1.75 60.25
0.50 3.25 22.00 18.50 1.75 0.25 46.25
0.50 6.50 7.50 0.75 0.25 0.00 15.50
2.75 6.75 7.50 2.00 1.50 0.50 21.00
2.00 6.25 11.25 2.50 1.50 2.00 25.50
1.75 7.25 9.50 10.25 3.25 1.50 33.50
1.75 5.25 6.25 14.00 2.25 1.00 30.50
0.25 2.25 16.75 22.00 4.00 0.75 46.00
22.25 139.75 196.25 109.00 25.00 8.50 500.75
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Hours At Each Wind Speed and Direction
Period of Record: JANUARY 1 THROUGH DECEMBER 31, 2019

Stability Class: C
Elevation: 10 Meters

wind Speed (mph)

Wind

Direction 1-3 4-7 8-12 13-18 19-24 > 24 Total
Cardinals

N 1.75 7.75 13.75 12.00 4.50 0.25 40.00
NNE 4.50 12.75 10.25 2.00 0.50 0.00 30.00
NE 5.00 17.00 2.75 0.00 0.00 0.00 24.75
ENE 2.75 11.00 10.00 0.75 0.00 0.00 24.50
E 3.75 13.00 10.50 0.50 0.00 0.00 27.75
ESE 2.50 12.50 11.25 0.75 0.00 0.00 27.00
SE 2.50 16.00 14.75 4.00 0.50 0.00 37.75
SSE 1.50 26.25 28.50 11.75 1.25 0.00 69.25
S 1.25 12.75 32.00 17.00 5.00 1.00 69.00
SSW 1.00 4.50 32.50 17.75 3.50 0.00 59.25
SwW 2.25 7.25 5.00 2.50 0.25 0.00 17.25
WSW 3.75 5.75 7.25 1.50 2.00 0.00 20.25
W 1.50 4.50 6.75 4.25 1.00 2.25 20.25
WNW 1.50 4.50 9.50 9.75 4.00 4.50 33.75
NW 2.00 5.25 10.25 22.50 575 3.25 49.00
NNW 1.50 3.75 11.00 15.75 7.25 3.75 43.00
Total 39.00 164.50 216.00 122.75 35.50 15.00 592.75

Hours of Calm (<1.0 mph): 6.00
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Hours At Each Wind Speed and Direction
Period of Record: JANUARY 1 THROUGH DECEMBER 31, 2019

Stability Class: D
Elevation: 10 Meters

wind Speed (mph)

Wind

Direction 1-3 4-7 8-12 13-18 19-24 > 24 Total
Cardinals

N 11.25 52.00 108.75 84.75 23.25 8.50 288.50
NNE 23.25 100.25 109.25 31.75 4.75 0.75 270.00
NE 22.50 101.00 38.75 1.25 0.00 0.00 163.50
ENE 16.75 60.25 59.50 4.00 0.25 0.00 140.75
E 17.25 60.75 66.00 8.00 1.00 0.00 153.00
ESE 13.25 58.50 61.25 10.00 1.25 0.00 144.25
SE 11.00 53.50 62.75 28.25 5.75 0.25 161.50
SSE 11.50 75.50 151.50 82.75 7.25 1.75 330.25
S 7.50 71.75 164.25 156.50 39.00 10.25 449.25
SSW 9.00 47.00 117.25 43.75 5.25 0.75 223.00
SwW 12.50 47.00 26.25 2.75 3.00 0.50 92.00
WSW 8.25 166.25 24.00 11.25 6.50 1.00 217.25
W 6.00 26.75 24.25 21.25 12.00 8.50 98.75
WNW 3.50 22.00 37.00 45,50 17.75 7.25 133.00
NW 4.25 71.50 81.50 65.00 21.25 10.50 254.00
NNW 6.75 39.50 93.25 75.75 16.25 9.00 240.50
Total 184.50 1053.50 1225.50 672.50 164.50 59.00 3359.50

Hours of Calm (<1.0 mph): 13.00
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Hours At Each Wind Speed and Direction
Period of Record: JANUARY 1 THROUGH DECEMBER 31, 2019

Stability Class: E
Elevation: 10 Meters

wind Speed (mph)

Wind

Direction 1-3 4-7 8-12 13-18 19-24 > 24 Total
Cardinals

N 9.50 26.50 29.75 5.00 0.50 0.00 71.25
NNE 23.25 34.00 7.25 1.25 0.00 0.00 65.75
NE 27.50 32.00 13.25 0.75 0.00 0.00 73.50
ENE 27.75 36.50 17.75 2.25 0.00 0.00 84.25
E 28.75 57.00 32.50 1.50 0.00 0.00 119.75
ESE 23.00 91.50 25.50 0.75 0.00 0.00 140.75
SE 18.25 86.50 63.50 13.75 1.25 0.00 183.25
SSE 13.00 135.50 222.00 69.50 21.00 5.00 466.00
S 7.25 91.50 103.75 85.25 22.50 6.75 317.00
SSW 9.25 56.50 63.50 14.00 2.00 0.00 145.25
SwW 11.75 64.50 2.25 0.75 1.75 0.00 81.00
WSW 5.25 20.50 5.50 0.50 0.25 0.00 32.00
W 2.25 22.25 4.50 1.50 0.00 0.00 30.50
WNW 3.75 21.25 11.00 0.50 0.00 0.00 36.50
NW 3.75 26.75 20.75 1.75 1.75 0.25 55.00
NNW 9.00 49.00 40.75 2.50 1.00 0.00 102.25
Total 223.25 851.75 663.50 201.50 52.00 12.00 2004.00

Hours of Calm (<1.0 mph): 2.75

2019 Annual Radioactive Effluent Release Report
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Period of Record: JANUARY 1 THROUGH DECEMBER 31, 2019

Stability Class: F

Elevation: 10 Meters

Wind
Direction
Cardinals
N

NNE
NE
ENE

E

ESE

SE

SSE

S

SSW
SwW
WSW
W
WNW
NW
NNW
Total

Hours of Calm (<1.0 mph): 2.00

2019 Annual Radioactive Effluent Release Report

Hours At Each Wind Speed and Direction

wind Speed (mph)

1-3 4-7 8-12 13-18 19-24 > 24 Total
5.75 29.25 2.75 0.00 0.00 0.00 37.75
34.75 32.25 0.75 0.00 0.00 0.00 67.75
25.25 18.00 0.75 0.00 0.00 0.00 44.00
21.75 34.75 1.25 0.00 0.00 0.00 57.75
36.00 47.00 1.50 0.00 0.00 0.00 84.50
32.25 71.00 0.50 0.00 0.00 0.00 103.75
27.75 77.75 11.00 0.50 0.00 0.00 117.00
7.00 40.50 27.75 7.50 0.25 0.00 83.00
4.75 19.25 18.75 16.50 1.50 0.00 60.75
4.50 7.50 9.00 0.25 0.00 0.00 21.25
4.75 12.25 0.25 0.00 0.00 0.00 17.25
6.75 9.50 0.00 0.00 0.00 0.00 16.25
1.75 3.25 0.00 0.00 0.00 0.00 5.00
2.75 5.75 1.75 0.00 0.00 0.00 10.25
3.25 12.50 2.50 0.25 0.25 0.00 18.75
6.00 35.00 9.50 0.50 0.00 0.00 51.00

225.00 455.50 88.00 25.50 2.00 0.00 796.00
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Hours At Each Wind Speed and Direction
Period of Record: JANUARY 1 THROUGH DECEMBER 31, 2019

Stability Class: G
Elevation: 10 Meters

wind Speed (mph)

Wind

Direction 1-3 4-7 8-12 13-18 19-24 > 24 Total

Cardinals

N 8.75 9.25 1.00 0.00 0.00 0.00 19.00
NNE 30.25 29.75 1.25 0.00 0.00 0.00 61.25
NE 20.75 15.00 0.00 0.00 0.00 0.00 35.75
ENE 11.25 16.25 0.00 0.00 0.00 0.00 27.50
E 20.00 27.25 1.00 0.00 0.00 0.00 48.25
ESE 17.25 31.50 0.25 0.00 0.00 0.00 49.00
SE 9.00 34.50 0.75 0.00 0.00 0.00 44.25
SSE 4.00 4.75 0.75 0.50 0.00 0.00 10.00
S 4.50 3.75 2.00 0.00 0.00 0.00 10.25
SSW 1.25 1.00 1.25 0.00 0.00 0.00 3.50

SwW 2.25 4.75 0.00 0.00 0.00 0.00 7.00

WSW 2.00 2.00 0.00 0.00 0.00 0.00 4.00

W 0.75 1.00 0.25 0.00 0.00 0.00 2.00

WNW 2.50 1.25 0.00 0.00 0.00 0.00 3.75

NW 9.75 7.50 0.00 0.00 0.00 0.00 17.25
NNW 8.50 12.75 1.50 0.00 0.00 0.00 22.75
Total 152.75 202.25 10.00 0.50 0.00 0.00 365.50

Hours of Calm (<1.0 mph): 2.00

2019 Annual Radioactive Effluent Release Report
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Hours At Each Wind Speed and Direction
Period of Record: JANUARY 1 THROUGH DECEMBER 31, 2019

Stability Class: ALL
Elevation: 10 Meters

wind Speed (mph)

Wind

Direction 1-3 4-7 8-12 13-18 19-24 > 24 Total
Cardinals

N 38.75 130.25 178.00 121.75 33.75 8.75 511.25
NNE 119.50 225.50 146.50 37.75 5.25 0.75 535.25
NE 102.25 208.25 61.25 2.00 0.00 0.00 373.75
ENE 81.50 179.50 97.75 8.25 0.25 0.00 367.25
E 109.50 231.00 123.50 12.50 1.00 0.00 477.50
ESE 91.25 288.25 126.25 15.75 1.25 0.00 522.75
SE 70.00 286.00 195.75 59.25 8.25 0.25 619.50
SSE 38.75 306.75 513.75 201.50 31.00 7.50 1099.25
S 27.25 210.75 394.25 385.50 102.50 21.50 1141.75
SSW 25.50 120.25 269.50 118.50 17.25 1.25 552.25
SwW 34.25 143.75 54.25 13.25 6.25 0.50 252.25
WSW 29.50 212.75 54.25 22.25 15.00 3.50 337.25
W 15.75 68.00 64.25 38.50 15.00 13.00 214.50
WNW 17.00 66.25 82.50 78.50 26.25 13.25 283.75
NW 26.25 132.00 127.00 110.75 33.00 16.25 445.25
NNW 33.00 145.25 177.50 123.75 31.75 13.50 524.75
Total 860.00 295450 2666.25 1349.75 327.75 100.00 8258.25

Hours of Calm (<1.0 mph): 37.75

2019 Annual Radioactive Effluent Release Report
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Appendix C
ONSITE GROUNDWATER PROTECTION PROGRAM MONITORING
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Objective

The objective of onsite groundwater protection program monitoring is to ensure timely detection of
inadvertent radiological releases to ground water. At the Wolf Creek Generating Station, some
background tritium influences from lake water reuse are normal and expected.

Basis

The onsite groundwater protection program monitoring sample results are being reported in the
Radioactive Effluent Release Report per guidance received in association with the Nuclear Energy
Institute (NEI) Groundwater Protection Industry Initiative. The following information is also being reported
in association with the NEI Groundwater Protection Industry Initiative:

1. Describe any onsite licensed radioactive materials releases or spills that were voluntarily
communicated to State/Local officials during the calendar year: None

2. Describe any onsite groundwater sample results that exceeded the reporting thresholds that were
voluntarily communicated to State/Local officials during the calendar year: None

There were no radioactive materials releases, spills, or reporting level exceedances reported to
State/Local officials during 2019.

Onsite Groundwater Protection Program Monitoring Description

In March of 2006, Wolf Creek Generating Station (WCGS) established an onsite groundwater protection
monitoring program. During 2008, thirteen monitoring wells were added to the onsite groundwater
protection monitoring program. During 2018, an additional five wells were installed. The onsite
groundwater protection program monitoring is implemented via procedure Al 07-007, Onsite
Groundwater Protection Program Monitoring. AUX location Dewatering Well, located near the Auxiliary
Building, on East Side, was removed from the monitoring program due to being a subsurface dewatering
well and is reported with subsurface water results. The onsite groundwater samples were collected by
the WCGS Environmental Management group and were analyzed by Environmental, Inc., Midwest
Laboratory. Onsite groundwater samples were collected quarterly when available and were analyzed by
gamma isotopic analysis, radiochemical analysis for 1-131 and tritium analysis. The vendor lab
(Environmental, Inc., Midwest Laboratory) participated in an interlaboratory comparison program. The
following tables describe the sample locations, the lower limits of detection and the reporting levels for
radioactivity detected.

LE
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Sample Location

Sample Location Description

EAST ESW-W Essential Service Water Dewatering Well, East Group, West well,
located southeast of the reactor
MW-01A Monitoring Well, shallow depth, located northeast of the reactor (control
sample location)
MW-01B Monitoring Well, mid-range depth, located northeast of the reactor
(control sample location)
MW-01C Monitoring Well, deep depth, located northeast of the reactor (control
sample location)
MW-02A Monitoring Well, shallow depth, located northwest of the reactor
MW-02B Monitoring Well, mid-range depth, located northwest of the reactor
MW-03A Monitoring Well, shallow depth, located southwest of the reactor
MW-03B Monitoring Well, mid-range depth, located southwest of the reactor
MW-03C Monitoring Well, deep depth, located southwest of the reactor
MW-05C Monitoring Well, deep depth, located south of the reactor
MW-11A Monitoring Well, shallow depth, located southwest of the reactor
MW-11B Monitoring Well, mid-range depth, located southwest of the reactor
MW-12A Monitoring Well, shallow depth, located south of the reactor
MW-12B Monitoring Well, mid-range depth, located south of the reactor
MW-13 Monitoring Well, mid-range depth, located south of the reactor
MW-14 Monitoring Well, mid-range depth, located southeast of the reactor
MW-15 Monitoring Well, mid-range depth, located southeast of the reactor
MW-16 Monitoring Well, mid-range depth, located southeast of the reactor
MW-17 Monitoring Well, mid-range depth, located southeast of the reactor
WEST ESW-W Essential Service Water Dewatering Well, West Group, West well,

located south of the reactor

Onsite Groundwater Lower Limits of Detection

Analysis (pCilL)

H-3 2,000
Mn-54 15
Co-58 15
Fe-59 30
Co-60 15
Zn-65 30
Zr-Nb-95 15
[-131 1
Cs-134 15
Cs-137 18
Ba-La-140 15

2019 Annual Radioactive Effluent Release Report
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Reporting Levels for Radioactivity Detected in Onsite Groundwater

Analysis (pCilL) Analysis (pCilL)
H-3 20,000 Zr-Nb-95 400
Mn-54 1,000 [-131 2
Co-58 1,000 Cs-134 30
Fe-59 400 Cs-137 50
Co-60 300 Ba-La-140 200
Zn-65 300

Discussion of Results

Low levels of tritium were detected in Essential Service Water dewatering well (EAST ESW-W), MW-12,
and MW-15 all within areas of backfill during plant construction. This has been attributed to Wolf Creek
Generating Station’s reuse of tritiated lake water and is consistent with gaseous tritium deposition during
normal operation. Lake water is used for plant cooling, which includes Essential Service Water (ESW),
and Fire Protection System.

The monitoring well sample with the highest level of tritium detected (267 +/- 87 pCi/L) was collected on
08-27-19 from the MW-15 location. The measured monitoring well tritium levels are significantly lower
than the tritium levels routinely detected in surface water collected from Coffey County Lake (2019 range
was 8,867 to 12,331 pCi/L).

The tritium activity was the only activity detected in the onsite groundwater samples. Lower limits of
detection (LLDs) were met and sample analysis results were well below the applicable reporting levels.

Subsurface Water

Due to Industry Operating Experience, the Wolf Creek Generating Station started collecting and
analyzing subsurface water during 2010. Subsurface water monitoring is a portion of the Groundwater
Protection Program and is implemented via procedure Al 07-007, Onsite Groundwater Protection
Program Monitoring. The definitions for subsurface water include:

1. Water that is encountered below grade while excavating, trenching, or drilling outside of the
Radiologically Controlled Area and within the area displayed in Figure 1 (of Al 07-007). This excludes
recent rainfall build-up in open excavation trenches.

2. Water that is encountered below grade or water that needs to be removed that is outside of a building,
outside of the Radiologically Controlled Area and within the area displayed in Figure 1 (Al 07-007).
Examples include electrical vaults, piping vaults, valve pits, manholes, concrete pits, etc. Excludes
removing water from power block sumps, sanitary sewers, spill containment berms or from within
buildings.

The subsurface water samples were analyzed by the WCGS Chemistry Laboratory and the results were
reviewed by Environmental Management and Chemistry. The subsurface water samples were analyzed
for tritium and gamma isotopic. The following table identifies the sample dates, sample locations, and
the analysis results. Tritium was the only detectable isotope.

6€
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Date Location Description Tritium (pCi/L)
01/29/19 | CW-1 (1CW0006C) Manhole North of the Turbine Building 3,023
02/25/19 | Dewatering Well #1 (1DW0001) - East of the Turbine Building 13,880
02/25/19 | Dewatering Well #2 (1DW0002) - East of the Turbine Building 7,596
02/25/19 | Dewatering Well #3 (1DW0003) - West of the Turbine Building 8,659
02/25/19 | Dewatering Well #5 (1DW0005) — West of Hot Machine Shop 6,506
02/25/19 | Dewatering Well #7 (1DWO0007) - SW of Com. Corridor <2,135
02/27/19 | EMH104 Electrical Manhole West of Shop Building < 2,375
02/27/19 | EMH119 located NW of Main and Aux. Yard Transformers < 1,993
03/05/19 | EMH104 Electrical Manhole West of Shop Building <1,927
03/14/19 | 1CWOO08A Valve Pit < 1,857
04/01/19 | 1FP0O088 < 1,810
04/03/19 | EMH104 Electrical Manhole West of Shop Building <1,902
04/03/19 | EMH119 located NW of Main and Aux. Yard Transformers < 2,068
04/30/19 | EMH104 Electrical Manhole West of Shop Building <1,848
04/30/19 | EMH105 Electrical Manhole West of Olive Ann Beech Building. <1,719
04/30/19 | EMH119 located NW of Main and Aux. Yard Transformers < 1,986
04/30/19 | EMH120 located NE of Turbine Building < 1,744
05/01/19 | CW-2 (1CW0007C) Manhole East of Condensate Storage Tank <1,833
05/01/19 | CW-3 (1CW0008C) Manhole near the Radwaste Building < 2,000
05/21/19 | EMH104 Electrical Manhole West of Shop Building < 2,024
05/21/19 | EMH105 Electrical Manhole West of Olive Ann Beech Building. < 2,051
05/21/19 | EMH119 located NW of Main and Aux. Yard Transformers < 2,136
05/21/19 | EMH120 located NE of Turbine Building < 1,985
05/28/19 | XPBO03 Transformer Discharge Vault 2,586

XMRO1 Transformer Discharge Vault, Sump 096; Transformer
05/28/19 | north & west of Turbine Building 2,934
XMAO1D Transformer Discharge Vault, Sump 0725; Transformer
05/28/19 | north & west of Turbine Building <1,829
XMAO1A Transformer Discharge Vault, Sump 097 (Main);
05/28/19 | Transformer north & west of Turbine Building 3,179
XNBO1 Transformer Discharge Vault, Sump 095; Transformer
05/28/19 | northwest of Turbine Building <1,835
05/30/19 | Dewatering Well #1 (1DW0001) - East of the Turbine Building 9,296
05/30/19 | Dewatering Well #2 (1DW0002) - East of the Turbine Building 6,413
05/30/19 | Dewatering Well #3 (1DW0003) - West of the Turbine Building < 2,053
05/30/19 | Dewatering Well #5 (1DW0005) — West of Hot Machine Shop <1,874
05/30/19 | Dewatering Well #7 (1DW00Q7) - SW of Com. Corridor 5,338
06/25/19 | EMH104 Electrical Manhole West of Shop Building < 2,259
06/25/19 | EMH105 Electrical Manhole West of Olive Ann Beech Building. <2777
06/25/19 | EMH119 located NW of Main and Aux. Yard Transformers < 2,126
06/25/19 | EMH120 located NE of Turbine Building < 2,344
07/23/19 | EMH104 Electrical Manhole West of Shop Building < 2,102
07/23/19 | EMH105 Electrical Manhole West of Olive Ann Beech Building. <2274
07/23/19 | EMH119 located NW of Main and Aux. Yard Transformers < 1,999
07/23/19 | EMH120 located NE of Turbine Building < 2,498
08/26/19 | EMH104 Electrical Manhole West of Shop Building < 2,098
08/26/19 | EMH105 Electrical Manhole West of Olive Ann Beech Building. <2134
08/26/19 | EMH119 located NW of Main and Aux. Yard Transformers < 2,004
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Date Location Description Tritium (pCi/L)
08/26/19 | EMH120 located NE of Turbine Building < 2,233
08/26/19 | CW-3 (LCW0008C) Manhole near the Radwaste Building < 1,663
09/03/19 | CW-3 (1LCW0008C) Manhole near the Radwaste Building <1,975
09/03/19 | CW-2 (1CW0007C) Manhole East of Condensate Storage Tank 4,065
09/09/19 | Dewatering Well #1 (1DW0001) - East of the Turbine Building 4,900
09/09/19 | Dewatering Well #2 (1DW0002) - East of the Turbine Building 1,118
09/09/19 | Dewatering Well #3 (1LDW0003) - West of the Turbine Building 3,182
09/09/19 | Dewatering Well #5 (1DW0005) — West of Hot Machine Shop 3,090
09/09/19 | Dewatering Well #7 (1DW0007) - SW of Com. Corridor <2121
09/17/19 | EMH104 Electrical Manhole West of Shop Building <2,831
09/23/19 | TIEO1B ED-B Vault 2,833
10/20/19 | EMH104 Electrical Manhole West of Shop Building < 2,036
10/20/19 | EMH105 Electrical Manhole West of Olive Ann Beech Building. <1,921
10/20/19 | EMH119 located NW of Main and Aux. Yard Transformers <2,164
10/20/19 | EMH120 located NE of Turbine Building 1,752
11/12/19 | CW-1 (1CWO0006C) Manhole North of the Turbine Building 6,658
11/12/19 | CW-3 (1CW0008C) Manhole near the Radwaste Building <1917
11/21/19 | EMH104 Electrical Manhole West of Shop Building 4,979
11/26/19 | Dewatering Well #1 (1DWO0001) - East of the Turbine Building 7,477
11/26/19 | Dewatering Well #2 (1DWO0002) - East of the Turbine Building 6,994
11/26/19 | Dewatering Well #3 (1DWO0003) - West of the Turbine Building 8,357
11/26/19 | Dewatering Well #5 (1DWO0005) — West of Hot Machine Shop 4,034
12/02/19 | Dewatering Well #7 (1DW0007) - SW of Com. Corridor <1,716
12/19/19 | EMH104 Electrical Manhole West of Shop Building < 2,068

As expected, tritium activity was detected in some of the subsurface water samples. The highest detected
tritium measured was 13,880 pCi/L in a sample collected 02-25-19 from Dewatering Well #1 (1DWO0001)
located East of the Turbine Building. Gamma activity was not detected in the 02-25-19 subsurface water
sample. The detected tritium activity is likely due to Wolf Creek Generating Station’s reuse of tritiated
lake water. Lake water is used for plant cooling, which includes Essential Service Water (ESW), and in
the Fire Protection System. The measured tritium levels from subsurface water monitoring were lower
than the onsite groundwater tritium reporting level of 20,000 pCi/L. Condition Report 130453 was created
to document the occurrence. Follow-up analysis performed on 03-06-19 was less than 1,910 pCi/L.
Condition Report 135840 was written to document Service Water inadvertently being released on the
ground during SYS EC-202, STAGING ALTERNATE SPENT FUELPOOL COOLING. The spill occurred
through a failed coupling at a 45-degree bend that was not the appropriate psi rating. No adverse trends
to groundwater were noted in subsequent samples. This event was not reportable due to exemption for
lake water systems found in AP 14B-003, SPILL AND RELEASE REPORTING, procedure.

Conclusion

Based upon the results of the water samples that were analyzed in association with the Onsite
Groundwater Protection Program, no inadvertent radiological releases to ground water were identified.
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY SIGN ERROR NOTE
EAST ESW-W 19-Mar-19 H-3 < 153
EAST ESW-W 19-Mar-19 -131 < 0.413
EAST ESW-W 19-Mar-19 BA-LA-140 < 8.9
EAST ESW-W 19-Mar-19 CO-58 < 7.3
EAST ESW-W 19-Mar-19 CO-60 < 6.8
EAST ESW-W 19-Mar-19 CS-134 < 6.3
EAST ESW-W 19-Mar-19 CS-137 < 6.2
EAST ESW-W 19-Mar-19 FE-59 < 8.6
EAST ESW-W 19-Mar-19 MN-54 < 4.6
EAST ESW-W 19-Mar-19 ZN-65 < 15.6
EAST ESW-W 19-Mar-19 ZR-NB-95 < 10.4
EAST ESW-W 29-May-19 H-3 < 154
EAST ESW-W 29-May-19 -131 < 0.475
EAST ESW-W 29-May-19 BA-LA-140 < 4.3
EAST ESW-W 29-May-19 CO-58 < 2.6
EAST ESW-W 29-May-19 CO-60 < 2.6
EAST ESW-W 29-May-19 CS-134 < 4.1
EAST ESW-W 29-May-19 CS-137 < 3.8
EAST ESW-W 29-May-19 FE-59 < 3.0
EAST ESW-W 29-May-19 MN-54 < 3.1
EAST ESW-W 29-May-19 ZN-65 < 3.6
EAST ESW-W 29-May-19 ZR-NB-95 < 4.4
EAST ESW-W 27-Aug-19 H-3 < 155
EAST ESW-W 27-Aug-19 -131 < 0.402
EAST ESW-W 27-Aug-19 BA-LA-140 < 3.3
EAST ESW-W 27-Aug-19 CO-58 < 2.7
EAST ESW-W 27-Aug-19 CO-60 < 3.3
EAST ESW-W 27-Aug-19 CS-134 < 4.8
EAST ESW-W 27-Aug-19 CS-137 < 4.9
EAST ESW-W 27-Aug-19 FE-59 < 10.1
EAST ESW-W 27-Aug-19 MN-54 < 4.4
EAST ESW-W 27-Aug-19 ZN-65 < 13.3
EAST ESW-W 27-Aug-19 ZR-NB-95 < 6.1
EAST ESW-W 13-Nov-19 H-3 210 +/- 84
EAST ESW-W 13-Nov-19 -131 < 0.475
EAST ESW-W 13-Nov-19 BA-LA-140 < 4.7
EAST ESW-W 13-Nov-19 CO-58 < 5.5
EAST ESW-W 13-Nov-19 CO-60 < 6.2
EAST ESW-W 13-Nov-19 CS-134 < 5.9
EAST ESW-W 13-Nov-19 CS-137 < 3.5
EAST ESW-W 13-Nov-19 FE-59 < 6.1
EAST ESW-W 13-Nov-19 MN-54 < 4.5
EAST ESW-W 13-Nov-19 ZN-65 < 13.7
EAST ESW-W 13-Nov-19 ZR-NB-95 < 8.2
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY SIGN ERROR NOTE
MW-01A 19-Mar-19 H-3 < 153
MW-01A 19-Mar-19 -131 < 0.377
MW-01A 19-Mar-19 BA-LA-140 < 2.4
MW-01A 19-Mar-19 CO-58 < 2.5
MW-01A 19-Mar-19 CO-60 < 3.1
MW-01A 19-Mar-19 CS-134 < 3.4
MW-01A 19-Mar-19 CS-137 < 3.0
MW-01A 19-Mar-19 FE-59 < 3.5
MW-01A 19-Mar-19 MN-54 < 3.6
MW-01A 19-Mar-19 ZN-65 < 6.9
MW-01A 19-Mar-19 ZR-NB-95 < 3.7
MW-01A 29-May-19 H-3 < 152
MW-01A 29-May-19 -131 < 0.426
MW-01A 29-May-19 BA-LA-140 < 3.4
MW-01A 29-May-19 CO-58 < 2.7
MW-01A 29-May-19 CO-60 < 24
MW-01A 29-May-19 CS-134 < 3.0
MW-01A 29-May-19 CS-137 < 3.2
MW-01A 29-May-19 FE-59 < 2.7
MW-01A 29-May-19 MN-54 < 2.6
MW-01A 29-May-19 ZN-65 < 2.9
MW-01A 29-May-19 ZR-NB-95 < 3.6
MW-01A 27-Aug-19 H-3 < 150
MW-01A 27-Aug-19 -131 < 0.325
MW-01A 27-Aug-19 BA-LA-140 < 24
MW-01A 27-Aug-19 CO-58 < 4.0
MW-01A 27-Aug-19 CO-60 < 2.5
MW-01A 27-Aug-19 CS-134 < 3.7
MW-01A 27-Aug-19 CS-137 < 3.2
MW-01A 27-Aug-19 FE-59 < 7.3
MW-01A 27-Aug-19 MN-54 < 2.3
MW-01A 27-Aug-19 ZN-65 < 7.5
MW-01A 27-Aug-19 ZR-NB-95 < 4.2
MW-01A 13-Nov-19 H-3 < 155
MW-01A 13-Nov-19 -131 < 0.305
MW-01A 13-Nov-19 BA-LA-140 < 4.7
MW-01A 13-Nov-19 CO-58 < 1.7
MW-01A 13-Nov-19 CO-60 < 1.9
MW-01A 13-Nov-19 CS-134 < 5.0
MW-01A 13-Nov-19 CS-137 < 3.4
MW-01A 13-Nov-19 FE-59 < 4.2
MW-01A 13-Nov-19 MN-54 < 2.8
MW-01A 13-Nov-19 ZN-65 < 2.7
MW-01A 13-Nov-19 ZR-NB-95 < 4.9
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY | SIGN ERROR NOTE
MW-01B 19-Mar-19 H-3 < 153
MW-01B 19-Mar-19 1-131 < 0.396
MW-01B 19-Mar-19 BA-LA-140 < 4.1
MW-01B 19-Mar-19 CO-58 < 2.9
MW-01B 19-Mar-19 C0O-60 < 2.1
MW-01B 19-Mar-19 CS-134 < 3.2
MW-01B 19-Mar-19 CS-137 < 3.6
MW-01B 19-Mar-19 FE-59 < 3.0
MW-01B 19-Mar-19 MN-54 < 3.7
MW-01B 19-Mar-19 ZN-65 < 7.6
MW-01B 19-Mar-19 ZR-NB-95 < 3.7
MW-01B 29-May-19 H-3 < 152
MW-01B 29-May-19 -131 < 0.288
MW-01B 29-May-19 BA-LA-140 < 1.6
MW-01B 29-May-19 CO-58 < 2.8
MW-01B 29-May-19 CO-60 < 2.4
MW-01B 29-May-19 CS-134 < 3.2
MW-01B 29-May-19 CSs-137 < 3.6
MW-01B 29-May-19 FE-59 < 5.5
MW-01B 29-May-19 MN-54 < 2.9
MW-01B 29-May-19 ZN-65 < 3.1
MW-01B 29-May-19 ZR-NB-95 < 2.4
MW-01B 27-Aug-19 H-3 < 150
MW-01B 27-Aug-19 1-131 < 0.294
MW-01B 27-Aug-19 BA-LA-140 < 2.8
MW-01B 27-Aug-19 CO-58 < 2.0
MW-01B 27-Aug-19 CO-60 < 1.9
MW-01B 27-Aug-19 CS-134 < 3.4
MW-01B 27-Aug-19 CS-137 < 2.4
MW-01B 27-Aug-19 FE-59 < 3.2
MW-01B 27-Aug-19 MN-54 < 2.6
MW-01B 27-Aug-19 ZN-65 < 5.2
MW-01B 27-Aug-19 ZR-NB-95 < 1.8
MW-01B 13-Nov-19 H-3 < 155
MW-01B 13-Nov-19 1-131 < 0.318
MW-01B 13-Nov-19 BA-LA-140 < 2.1
MW-01B 13-Nov-19 CO-58 < 3.0
MW-01B 13-Nov-19 CO-60 < 2.7
MW-01B 13-Nov-19 CS-134 < 4.7
MW-01B 13-Nov-19 CS-137 < 4.3
MW-01B 13-Nov-19 FE-59 < 5.6
MW-01B 13-Nov-19 MN-54 < 1.9
MW-01B 13-Nov-19 ZN-65 < 8.3
MW-01B 13-Nov-19 ZR-NB-95 < 3.7
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY SIGN ERROR NOTE
MW-01C 19-Mar-19 H-3 < 153
MW-01C 19-Mar-19 -131 < 0.362
MW-01C 19-Mar-19 BA-LA-140 < 5.6
MW-01C 19-Mar-19 CO-58 < 2.3
MW-01C 19-Mar-19 CO-60 < 4.5
MW-01C 19-Mar-19 CS-134 < 4.2
MW-01C 19-Mar-19 CS-137 < 5.0
MW-01C 19-Mar-19 FE-59 < 4.6
MW-01C 19-Mar-19 MN-54 < 3.9
MW-01C 19-Mar-19 ZN-65 < 9.9
MW-01C 19-Mar-19 ZR-NB-95 < 2.9
MW-01C 29-May-19 H-3 < 152
MW-01C 29-May-19 -131 < 0.439
MW-01C 29-May-19 BA-LA-140 < 2.5
MW-01C 29-May-19 CO-58 < 4.3
MW-01C 29-May-19 CO-60 < 1.7
MW-01C 29-May-19 CS-134 < 5.0
MW-01C 29-May-19 CS-137 < 2.1
MW-01C 29-May-19 FE-59 < 6.8
MW-01C 29-May-19 MN-54 < 3.5
MW-01C 29-May-19 ZN-65 < 3.5
MW-01C 29-May-19 ZR-NB-95 < 3.1
MW-01C 27-Aug-19 H-3 < 150
MW-01C 27-Aug-19 -131 < 0.291
MW-01C 27-Aug-19 BA-LA-140 < 4.6
MW-01C 27-Aug-19 CO-58 < 3.1
MW-01C 27-Aug-19 CO-60 < 2.3
MW-01C 27-Aug-19 CS-134 < 4.1
MW-01C 27-Aug-19 CS-137 < 3.6
MW-01C 27-Aug-19 FE-59 < 4.7
MW-01C 27-Aug-19 MN-54 < 3.2
MW-01C 27-Aug-19 ZN-65 < 7.0
MW-01C 27-Aug-19 ZR-NB-95 < 1.7
MW-01C 13-Nov-19 H-3 < 155
MW-01C 13-Nov-19 -131 < 0.301
MW-01C 13-Nov-19 BA-LA-140 < 3.2
MW-01C 13-Nov-19 CO-58 < 2.1
MW-01C 13-Nov-19 CO-60 < 2.2
MW-01C 13-Nov-19 CS-134 < 4.3
MW-01C 13-Nov-19 CS-137 < 4.1
MW-01C 13-Nov-19 FE-59 < 5.8
MW-01C 13-Nov-19 MN-54 < 3.0
MW-01C 13-Nov-19 ZN-65 < 8.9
MW-01C 13-Nov-19 ZR-NB-95 < 4.3
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY SIGN ERROR NOTE
MW-02A 19-Mar-19 H-3 < 153
MW-02A 19-Mar-19 -131 < 0.361
MW-02A 19-Mar-19 BA-LA-140 < 6.1
MW-02A 19-Mar-19 CO-58 < 3.4
MW-02A 19-Mar-19 CO-60 < 3.4
MW-02A 19-Mar-19 CS-134 < 5.3
MW-02A 19-Mar-19 CS-137 < 3.4
MW-02A 19-Mar-19 FE-59 < 7.5
MW-02A 19-Mar-19 MN-54 < 5.0
MW-02A 19-Mar-19 ZN-65 < 7.7
MW-02A 19-Mar-19 ZR-NB-95 < 3.9
MW-02A 29-May-19 H-3 < 152
MW-02A 29-May-19 -131 < 0.422
MW-02A 29-May-19 BA-LA-140 < 2.6
MW-02A 29-May-19 CO-58 < 4.2
MW-02A 29-May-19 CO-60 < 4.0
MW-02A 29-May-19 CS-134 < 4.4
MW-02A 29-May-19 CS-137 < 5.0
MW-02A 29-May-19 FE-59 < 5.8
MW-02A 29-May-19 MN-54 < 3.8
MW-02A 29-May-19 ZN-65 < 5.6
MW-02A 29-May-19 ZR-NB-95 < 4.2
MW-02A 27-Aug-19 H-3 < 150
MW-02A 27-Aug-19 -131 < 0.426
MW-02A 27-Aug-19 BA-LA-140 < 2.1
MW-02A 27-Aug-19 CO-58 < 2.2
MW-02A 27-Aug-19 CO-60 < 1.2
MW-02A 27-Aug-19 CS-134 < 4.4
MW-02A 27-Aug-19 CS-137 < 4.1
MW-02A 27-Aug-19 FE-59 < 6.7
MW-02A 27-Aug-19 MN-54 < 3.0
MW-02A 27-Aug-19 ZN-65 < 5.0
MW-02A 27-Aug-19 ZR-NB-95 < 4.3
MW-02A 13-Nov-19 H-3 < 155
MW-02A 13-Nov-19 -131 < 0.339
MW-02A 13-Nov-19 BA-LA-140 < 4.6
MW-02A 13-Nov-19 CO-58 < 2.5
MW-02A 13-Nov-19 CO-60 < 4.1
MW-02A 13-Nov-19 CS-134 < 4.9
MW-02A 13-Nov-19 CS-137 < 4.8
MW-02A 13-Nov-19 FE-59 < 2.8
MW-02A 13-Nov-19 MN-54 < 4.0
MW-02A 13-Nov-19 ZN-65 < 9.6
MW-02A 13-Nov-19 ZR-NB-95 < 4.2
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY SIGN ERROR NOTE
MW-02B 19-Mar-19 H-3 < 153
MW-02B 19-Mar-19 -131 < 0.334
MW-02B 19-Mar-19 BA-LA-140 < 4.4
MW-02B 19-Mar-19 CO-58 < 2.1
MW-02B 19-Mar-19 CO-60 < 4.8
MW-02B 19-Mar-19 CS-134 < 4.4
MW-02B 19-Mar-19 CS-137 < 3.5
MW-02B 19-Mar-19 FE-59 < 6.5
MW-02B 19-Mar-19 MN-54 < 3.5
MW-02B 19-Mar-19 ZN-65 < 3.3
MW-02B 19-Mar-19 ZR-NB-95 < 3.2
MW-02B 29-May-19 H-3 < 152
MW-02B 29-May-19 -131 < 0.380
MW-02B 29-May-19 BA-LA-140 < 3.0
MW-02B 29-May-19 CO-58 < 1.7
MW-02B 29-May-19 CO-60 < 2.8
MW-02B 29-May-19 CS-134 < 4.6
MW-02B 29-May-19 CS-137 < 3.8
MW-02B 29-May-19 FE-59 < 3.9
MW-02B 29-May-19 MN-54 < 2.0
MW-02B 29-May-19 ZN-65 < 4.9
MW-02B 29-May-19 ZR-NB-95 < 4.1
MW-02B 27-Aug-19 H-3 < 150
MW-02B 27-Aug-19 -131 < 0.386
MW-02B 27-Aug-19 BA-LA-140 < 3.1
MW-02B 27-Aug-19 CO-58 < 3.5
MW-02B 27-Aug-19 CO-60 < 2.8
MW-02B 27-Aug-19 CS-134 < 54
MW-02B 27-Aug-19 CS-137 < 5.0
MW-02B 27-Aug-19 FE-59 < 6.1
MW-02B 27-Aug-19 MN-54 < 3.8
MW-02B 27-Aug-19 ZN-65 < 4.0
MW-02B 27-Aug-19 ZR-NB-95 < 4.4
MW-02B 13-Nov-19 H-3 < 155
MW-02B 13-Nov-19 -131 < 0.292
MW-02B 13-Nov-19 BA-LA-140 < 5.0
MW-02B 13-Nov-19 CO-58 < 3.3
MW-02B 13-Nov-19 CO-60 < 2.0
MW-02B 13-Nov-19 CS-134 < 3.6
MW-02B 13-Nov-19 CS-137 < 4.3
MW-02B 13-Nov-19 FE-59 < 5.9
MW-02B 13-Nov-19 MN-54 < 3.1
MW-02B 13-Nov-19 ZN-65 < 5.8
MW-02B 13-Nov-19 ZR-NB-95 < 3.5
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY SIGN ERROR NOTE
MW-03A 19-Mar-19 H-3 < 153
MW-03A 19-Mar-19 -131 < 0.414
MW-03A 19-Mar-19 BA-LA-140 < 3.8
MW-03A 19-Mar-19 CO-58 < 2.8
MW-03A 19-Mar-19 CO-60 < 2.7
MW-03A 19-Mar-19 CS-134 < 3.4
MW-03A 19-Mar-19 CS-137 < 2.7
MW-03A 19-Mar-19 FE-59 < 4.9
MW-03A 19-Mar-19 MN-54 < 2.1
MW-03A 19-Mar-19 ZN-65 < 5.2
MW-03A 19-Mar-19 ZR-NB-95 < 2.2
MW-03A 29-May-19 H-3 < 152
MW-03A 29-May-19 -131 < 0.323
MW-03A 29-May-19 BA-LA-140 < 2.1
MW-03A 29-May-19 CO-58 < 2.0
MW-03A 29-May-19 CO-60 < 2.2
MW-03A 29-May-19 CS-134 < 3.4
MW-03A 29-May-19 CS-137 < 2.9
MW-03A 29-May-19 FE-59 < 5.2
MW-03A 29-May-19 MN-54 < 2.1
MW-03A 29-May-19 ZN-65 < 4.1
MW-03A 29-May-19 ZR-NB-95 < 1.8
MW-03A 27-Aug-19 H-3 < 150
MW-03A 27-Aug-19 -131 < 0.445
MW-03A 27-Aug-19 BA-LA-140 < 2.1
MW-03A 27-Aug-19 CO-58 < 2.7
MW-03A 27-Aug-19 CO-60 < 2.7
MW-03A 27-Aug-19 CS-134 < 3.1
MW-03A 27-Aug-19 CS-137 < 2.0
MW-03A 27-Aug-19 FE-59 < 4.8
MW-03A 27-Aug-19 MN-54 < 3.9
MW-03A 27-Aug-19 ZN-65 < 6.5
MW-03A 27-Aug-19 ZR-NB-95 < 2.2
MW-03A 13-Nov-19 H-3 < 155
MW-03A 13-Nov-19 -131 < 0.353
MW-03A 13-Nov-19 BA-LA-140 < 4.0
MW-03A 13-Nov-19 CO-58 < 2.0
MW-03A 13-Nov-19 CO-60 < 1.6
MW-03A 13-Nov-19 CS-134 < 3.3
MW-03A 13-Nov-19 CS-137 < 2.8
MW-03A 13-Nov-19 FE-59 < 7.5
MW-03A 13-Nov-19 MN-54 < 2.3
MW-03A 13-Nov-19 ZN-65 < 4.6
MW-03A 13-Nov-19 ZR-NB-95 < 2.7
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY SIGN ERROR NOTE
MW-03B 19-Mar-19 H-3 < 153
MW-03B 19-Mar-19 -131 < 0.444
MW-03B 19-Mar-19 BA-LA-140 < 3.1
MW-03B 19-Mar-19 CO-58 < 2.8
MW-03B 19-Mar-19 CO-60 < 3.2
MW-03B 19-Mar-19 CS-134 < 5.0
MW-03B 19-Mar-19 CS-137 < 4.9
MW-03B 19-Mar-19 FE-59 < 6.2
MW-03B 19-Mar-19 MN-54 < 3.1
MW-03B 19-Mar-19 ZN-65 < 8.7
MW-03B 19-Mar-19 ZR-NB-95 < 3.1
MW-03B 29-May-19 H-3 < 152
MW-03B 29-May-19 -131 < 0.344
MW-03B 29-May-19 BA-LA-140 < 2.9
MW-03B 29-May-19 CO-58 < 1.6
MW-03B 29-May-19 CO-60 < 1.3
MW-03B 29-May-19 CS-134 < 4.1
MW-03B 29-May-19 CS-137 < 3.5
MW-03B 29-May-19 FE-59 < 5.0
MW-03B 29-May-19 MN-54 < 1.9
MW-03B 29-May-19 ZN-65 < 7.0
MW-03B 29-May-19 ZR-NB-95 < 3.0
MW-03B 27-Aug-19 H-3 < 150
MW-03B 27-Aug-19 -131 < 0.450
MW-03B 27-Aug-19 BA-LA-140 < 3.1
MW-03B 27-Aug-19 CO-58 < 2.1
MW-03B 27-Aug-19 CO-60 < 2.2
MW-03B 27-Aug-19 CS-134 < 3.7
MW-03B 27-Aug-19 CS-137 < 2.5
MW-03B 27-Aug-19 FE-59 < 6.0
MW-03B 27-Aug-19 MN-54 < 3.4
MW-03B 27-Aug-19 ZN-65 < 7.4
MW-03B 27-Aug-19 ZR-NB-95 < 3.5
MW-03B 13-Nov-19 H-3 < 155
MW-03B 13-Nov-19 -131 < 0.374
MW-03B 13-Nov-19 BA-LA-140 < 4.4
MW-03B 13-Nov-19 CO-58 < 3.7
MW-03B 13-Nov-19 CO-60 < 1.9
MW-03B 13-Nov-19 CS-134 < 4.8
MW-03B 13-Nov-19 CS-137 < 4.0
MW-03B 13-Nov-19 FE-59 < 5.8
MW-03B 13-Nov-19 MN-54 < 2.8
MW-03B 13-Nov-19 ZN-65 < 4.4
MW-03B 13-Nov-19 ZR-NB-95 < 4.6
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY | SIGN ERROR NOTE
MW-03C 19-Mar-19 H-3 < 153
MW-03C 19-Mar-19 -131 < 0.445
MW-03C 19-Mar-19 BA-LA-140 < 3.8
MW-03C 19-Mar-19 CO-58 < 2.3
MW-03C 19-Mar-19 CO-60 < 1.6
MW-03C 19-Mar-19 CS-134 < 4.3
MW-03C 19-Mar-19 CS-137 < 2.4
MW-03C 19-Mar-19 FE-59 < 3.2
MW-03C 19-Mar-19 MN-54 < 2.1
MW-03C 19-Mar-19 ZN-65 < 3.2
MW-03C 19-Mar-19 ZR-NB-95 < 2.8
MW-03C 29-May-19 H-3 < 152
MW-03C 29-May-19 [-131 < 0.413
MW-03C 29-May-19 BA-LA-140 < 2.0
MW-03C 29-May-19 CO-58 < 2.8
MW-03C 29-May-19 CO-60 < 2.1
MW-03C 29-May-19 CS-134 < 3.1
MW-03C 29-May-19 CS-137 < 3.9
MW-03C 29-May-19 FE-59 < 4.5
MW-03C 29-May-19 MN-54 < 3.2
MW-03C 29-May-19 ZN-65 < 3.4
MW-03C 29-May-19 ZR-NB-95 < 2.6
MW-03C 27-Aug-19 H-3 < 150
MW-03C 27-Aug-19 [-131 < 0.466
MW-03C 27-Aug-19 BA-LA-140 < 3.2
MW-03C 27-Aug-19 CO-58 < 3.2
MW-03C 27-Aug-19 CO-60 < 3.2
MW-03C 27-Aug-19 CS-134 < 4.0
MW-03C 27-Aug-19 CS-137 < 4.1
MW-03C 27-Aug-19 FE-59 < 4.4
MW-03C 27-Aug-19 MN-54 < 3.0
MW-03C 27-Aug-19 ZN-65 < 5.9
MW-03C 27-Aug-19 ZR-NB-95 < 2.8
MW-03C 13-Nov-19 H-3 < 155
MW-03C 13-Nov-19 [-131 < 0.316
MW-03C 13-Nov-19 BA-LA-140 < 2.7
MW-03C 13-Nov-19 CO-58 < 2.5
MW-03C 13-Nov-19 CO-60 < 2.3
MW-03C 13-Nov-19 CS-134 < 3.0
MW-03C 13-Nov-19 CS-137 < 1.9
MW-03C 13-Nov-19 FE-59 < 3.6
MW-03C 13-Nov-19 MN-54 < 3.1
MW-03C 13-Nov-19 ZN-65 < 5.5
MW-03C 13-Nov-19 ZR-NB-95 < 1.7
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY | SIGN ERROR NOTE
MW-05C 19-Mar-19 H-3 < 153
MW-05C 19-Mar-19 -131 < 0.470
MW-05C 19-Mar-19 BA-LA-140 < 4.7
MW-05C 19-Mar-19 CO-58 < 1.8
MW-05C 19-Mar-19 C0O-60 < 15
MW-05C 19-Mar-19 CS-134 < 3.0
MW-05C 19-Mar-19 CS-137 < 2.8
MW-05C 19-Mar-19 FE-59 < 3.1
MW-05C 19-Mar-19 MN-54 < 3.1
MW-05C 19-Mar-19 ZN-65 < 3.7
MW-05C 19-Mar-19 ZR-NB-95 < 1.6
MW-05C 29-May-19 H-3 < 154
MW-05C 29-May-19 -131 < 0.286
MW-05C 29-May-19 BA-LA-140 < 2.6
MW-05C 29-May-19 CO-58 < 3.1
MW-05C 29-May-19 C0-60 < 25
MW-05C 29-May-19 CS-134 < 3.4
MW-05C 29-May-19 CS-137 < 3.4
MW-05C 29-May-19 FE-59 < 5.8
MW-05C 29-May-19 MN-54 < 2.7
MW-05C 29-May-19 ZN-65 < 6.7
MW-05C 29-May-19 ZR-NB-95 < 4.2
MW-05C 27-Aug-19 H-3 < 150
MW-05C 27-Aug-19 1-131 < 0.458
MW-05C 27-Aug-19 BA-LA-140 < 2.3
MW-05C 27-Aug-19 CO-58 < 2.8
MW-05C 27-Aug-19 C0O-60 < 2.9
MW-05C 27-Aug-19 CS-134 < 3.7
MW-05C 27-Aug-19 CS-137 < 3.8
MW-05C 27-Aug-19 FE-59 < 5.4
MW-05C 27-Aug-19 MN-54 < 3.3
MW-05C 27-Aug-19 ZN-65 < 4.2
MW-05C 27-Aug-19 ZR-NB-95 < 2.1
MW-05C 13-Nov-19 H-3 < 155
MW-05C 13-Nov-19 -131 < 0.331
MW-05C 13-Nov-19 BA-LA-140 < 3.4
MW-05C 13-Nov-19 CO-58 < 2.4
MW-05C 13-Nov-19 C0O-60 < 2.6
MW-05C 13-Nov-19 CS-134 < 3.9
MW-05C 13-Nov-19 CS-137 < 3.9
MW-05C 13-Nov-19 FE-59 < 6.1
MW-05C 13-Nov-19 MN-54 < 2.1
MW-05C 13-Nov-19 ZN-65 < 2.6
MW-05C 13-Nov-19 ZR-NB-95 < 2.2
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY | SIGN ERROR NOTE
MW-11A 19-Mar-19 H-3 < 153
MW-11A 19-Mar-19 1-131 < 0.410
MW-11A 19-Mar-19 BA-LA-140 < 4.7
MW-11A 19-Mar-19 CO-58 < 3.0
MW-11A 19-Mar-19 C0O-60 < 2.5
MW-11A 19-Mar-19 CS-134 < 3.3
MW-11A 19-Mar-19 CS-137 < 3.0
MW-11A 19-Mar-19 FE-59 < 6.1
MW-11A 19-Mar-19 MN-54 < 2.7
MW-11A 19-Mar-19 ZN-65 < 4.2
MW-11A 19-Mar-19 ZR-NB-95 < 2.6
MW-11A 29-May-19 H-3 < 154
MW-11A 29-May-19 H-3 < 154 Duplicate
MW-11A 29-May-19 -131 < 0.469  |Duplicate
MW-11A 29-May-19 -131 < 0.294
MW-11A 29-May-19 BA-LA-140 < 2.6
MW-11A 29-May-19 BA-LA-140 < 2.2 Duplicate
MW-11A 29-May-19 CO-58 < 5.2
MW-11A 29-May-19 CO-58 < 3.9 Duplicate
MW-11A 29-May-19 CO-60 < 2.9 Duplicate
MW-11A 29-May-19 CO-60 < 2.9
MW-11A 29-May-19 CS-134 < 5.3
MW-11A 29-May-19 CS-134 < 4.2 Duplicate
MW-11A 29-May-19 CSs-137 < 3.9 Duplicate
MW-11A 29-May-19 CS-137 < 5.0
MW-11A 29-May-19 FE-59 < 3.7 Duplicate
MW-11A 29-May-19 FE-59 < 5.4
MW-11A 29-May-19 MN-54 < 4.2 Duplicate
MW-11A 29-May-19 MN-54 < 5.0
MW-11A 29-May-19 ZN-65 < 4.0 Duplicate
MW-11A 29-May-19 ZN-65 < 3.7
MW-11A 29-May-19 ZR-NB-95 < 2.2 Duplicate
MW-11A 29-May-19 ZR-NB-95 < 3.3
MW-11A 27-Aug-19 H-3 < 155
MW-11A 27-Aug-19 1-131 < 0.285
MW-11A 27-Aug-19 BA-LA-140 < 3.2
MW-11A 27-Aug-19 CO-58 < 2.9
MW-11A 27-Aug-19 CO-60 < 2.2
MW-11A 27-Aug-19 CS-134 < 3.3
MW-11A 27-Aug-19 CS-137 < 2.7
MW-11A 27-Aug-19 FE-59 < 4.3
MW-11A 27-Aug-19 MN-54 < 2.9
MW-11A 27-Aug-19 ZN-65 < 2.9
MW-11A 27-Aug-19 ZR-NB-95 < 2.5
MW-11A 13-Nov-19 H-3 < 155
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Onsite Groundwater Results
Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY SIGN ERROR NOTE

MW-11A 13-Nov-19 -131 < 0.352

MW-11A 13-Nov-19 BA-LA-140 < 3.2

MW-11A 13-Nov-19 CO-58 < 3.4

MW-11A 13-Nov-19 CO-60 < 2.3

MW-11A 13-Nov-19 CS-134 < 3.4

MW-11A 13-Nov-19 CS-137 < 2.5

MW-11A 13-Nov-19 FE-59 < 3.0

MW-11A 13-Nov-19 MN-54 < 3.1

MW-11A 13-Nov-19 ZN-65 < 8.0

MW-11A 13-Nov-19 ZR-NB-95 < 3.7
o)
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY | SIGN ERROR NOTE
MW-11B 19-Mar-19 H-3 < 153
MW-11B 19-Mar-19 1-131 < 0.373
MW-11B 19-Mar-19 BA-LA-140 < 3.1
MW-11B 19-Mar-19 CO-58 < 3.4
MW-11B 19-Mar-19 C0O-60 < 2.9
MW-11B 19-Mar-19 CS-134 < 5.0
MW-11B 19-Mar-19 CS-137 < 5.0
MW-11B 19-Mar-19 FE-59 < 4.8
MW-11B 19-Mar-19 MN-54 < 4.5
MW-11B 19-Mar-19 ZN-65 < 3.6
MW-11B 19-Mar-19 ZR-NB-95 < 5.1
MW-11B 29-May-19 H-3 < 154
MW-11B 29-May-19 -131 < 0.311
MW-11B 29-May-19 BA-LA-140 < 8.7
MW-11B 29-May-19 CO-58 < 5.9
MW-11B 29-May-19 CO-60 < 5.5
MW-11B 29-May-19 CS-134 < 7.1
MW-11B 29-May-19 CSs-137 < 5.2
MW-11B 29-May-19 FE-59 < 13.6
MW-11B 29-May-19 MN-54 < 6.7
MW-11B 29-May-19 ZN-65 < 13.6
MW-11B 29-May-19 ZR-NB-95 < 8.3
MW-11B 27-Aug-19 H-3 < 155
MW-11B 27-Aug-19 1-131 < 0.310
MW-11B 27-Aug-19 BA-LA-140 < 2.3
MW-11B 27-Aug-19 CO-58 < 2.6
MW-11B 27-Aug-19 CO-60 < 3.3
MW-11B 27-Aug-19 CS-134 < 3.7
MW-11B 27-Aug-19 CS-137 < 2.9
MW-11B 27-Aug-19 FE-59 < 4.3
MW-11B 27-Aug-19 MN-54 < 2.7
MW-11B 27-Aug-19 ZN-65 < 3.5
MW-11B 27-Aug-19 ZR-NB-95 < 2.7
MW-11B 13-Nov-19 H-3 < 155
MW-11B 13-Nov-19 1-131 < 0.346
MW-11B 13-Nov-19 BA-LA-140 < 2.0
MW-11B 13-Nov-19 CO-58 < 1.3
MW-11B 13-Nov-19 CO-60 < 2.1
MW-11B 13-Nov-19 CS-134 < 3.2
MW-11B 13-Nov-19 CS-137 < 3.0
MW-11B 13-Nov-19 FE-59 < 3.3
MW-11B 13-Nov-19 MN-54 < 1.6
MW-11B 13-Nov-19 ZN-65 < 3.9
MW-11B 13-Nov-19 ZR-NB-95 < 2.7
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY | SIGN ERROR NOTE
MW-12A 19-Mar-19 H-3 < 153
MW-12A 19-Mar-19 -131 < 0.480
MW-12A 19-Mar-19 BA-LA-140 < 4.0
MW-12A 19-Mar-19 CO-58 < 2.2
MW-12A 19-Mar-19 C0O-60 < 3.8
MW-12A 19-Mar-19 CS-134 < 4.1
MW-12A 19-Mar-19 CS-137 < 3.1
MW-12A 19-Mar-19 FE-59 < 5.8
MW-12A 19-Mar-19 MN-54 < 3.6
MW-12A 19-Mar-19 ZN-65 < 7.0
MW-12A 19-Mar-19 ZR-NB-95 < 2.8
MW-12A 29-May-19 H-3 < 154
MW-12A 29-May-19 -131 < 0.363
MW-12A 29-May-19 BA-LA-140 < 2.2
MW-12A 29-May-19 CO-58 < 2.6
MW-12A 29-May-19 C0-60 < 2.3
MW-12A 29-May-19 CS-134 < 3.6
MW-12A 29-May-19 CS-137 < 3.6
MW-12A 29-May-19 FE-59 < 4.4
MW-12A 29-May-19 MN-54 < 3.1
MW-12A 29-May-19 ZN-65 < 4.6
MW-12A 29-May-19 ZR-NB-95 < 2.0
MW-12A 27-Aug-19 H-3 212 +/- 84
MW-12A 27-Aug-19 1-131 < 0.404
MW-12A 27-Aug-19 BA-LA-140 < 3.0
MW-12A 27-Aug-19 CO-58 < 3.2
MW-12A 27-Aug-19 C0O-60 < 2.3
MW-12A 27-Aug-19 CS-134 < 5.2
MW-12A 27-Aug-19 CS-137 < 4.4
MW-12A 27-Aug-19 FE-59 < 7.2
MW-12A 27-Aug-19 MN-54 < 3.6
MW-12A 27-Aug-19 ZN-65 < 3.0
MW-12A 27-Aug-19 ZR-NB-95 < 2.6
MW-12A 13-Nov-19 H-3 177 +/- 82
MW-12A 13-Nov-19 -131 < 0.314
MW-12A 13-Nov-19 BA-LA-140 < 6.5
MW-12A 13-Nov-19 CO-58 < 5.2
MW-12A 13-Nov-19 C0O-60 < 1.8
MW-12A 13-Nov-19 CS-134 < 4.6
MW-12A 13-Nov-19 CS-137 < 5.1
MW-12A 13-Nov-19 FE-59 < 10.1
MW-12A 13-Nov-19 MN-54 < 2.7
MW-12A 13-Nov-19 ZN-65 < 55
MW-12A 13-Nov-19 ZR-NB-95 < 3.6
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY SIGN ERROR NOTE
MW-12B 19-Mar-19 H-3 < 153
MW-12B 19-Mar-19 1-131 < 0.337
MW-12B 19-Mar-19 BA-LA-140 < 3.2
MW-12B 19-Mar-19 CO-58 < 2.9
MW-12B 19-Mar-19 CO-60 < 2.1
MW-12B 19-Mar-19 CS-134 < 3.8
MW-12B 19-Mar-19 CS-137 < 3.7
MW-12B 19-Mar-19 FE-59 < 4.2
MW-12B 19-Mar-19 MN-54 < 1.7
MW-12B 19-Mar-19 ZN-65 < 5.9
MW-12B 19-Mar-19 ZR-NB-95 < 4.9
MW-12B 29-May-19 H-3 < 154
MW-12B 29-May-19 1-131 < 0.353
MW-12B 29-May-19 BA-LA-140 < 5.3
MW-12B 29-May-19 CO-58 < 3.1
MW-12B 29-May-19 CO-60 < 3.9
MW-12B 29-May-19 CS-134 < 5.4
MW-12B 29-May-19 CS-137 < 3.7
MW-12B 29-May-19 FE-59 < 8.4
MW-12B 29-May-19 MN-54 < 3.6
MW-12B 29-May-19 ZN-65 < 6.5
MW-12B 29-May-19 ZR-NB-95 < 5.8
MW-12B 27-Aug-19 H-3 < 155
MW-12B 27-Aug-19 1-131 < 0.300
MW-12B 27-Aug-19 BA-LA-140 < 3.0
MW-12B 27-Aug-19 CO-58 < 4.1
MW-12B 27-Aug-19 CO-60 < 3.0
MW-12B 27-Aug-19 CS-134 < 4.6
MW-12B 27-Aug-19 CS-137 < 3.0
MW-12B 27-Aug-19 FE-59 < 6.5
MW-12B 27-Aug-19 MN-54 < 3.7
MW-12B 27-Aug-19 ZN-65 < 4.2
MW-12B 27-Aug-19 ZR-NB-95 < 5.1
MW-12B 13-Nov-19 H-3 < 155
MW-12B 13-Nov-19 1-131 < 0.313
MW-12B 13-Nov-19 BA-LA-140 < 2.9
MW-12B 13-Nov-19 CO-58 < 1.8
MW-12B 13-Nov-19 CO-60 < 1.5
MW-12B 13-Nov-19 CS-134 < 4.0
MW-12B 13-Nov-19 CS-137 < 3.4
MW-12B 13-Nov-19 FE-59 < 6.1
MW-12B 13-Nov-19 MN-54 < 4.4
MW-12B 13-Nov-19 ZN-65 < 6.9
MW-12B 13-Nov-19 ZR-NB-95 < 2.1
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY | SIGN ERROR NOTE
MW-13 19-Mar-19 H-3 < 153
MW-13 19-Mar-19 -131 < 0.394
MW-13 19-Mar-19 BA-LA-140 < 3.4
MW-13 19-Mar-19 CO-58 < 1.6
MW-13 19-Mar-19 C0O-60 < 2.3
MW-13 19-Mar-19 CS-134 < 3.5
MW-13 19-Mar-19 CS-137 < 2.4
MW-13 19-Mar-19 FE-59 < 3.2
MW-13 19-Mar-19 MN-54 < 2.8
MW-13 19-Mar-19 ZN-65 < 4.4
MW-13 19-Mar-19 ZR-NB-95 < 3.3
MW-13 29-May-19 H-3 < 154
MW-13 29-May-19 -131 < 0.365
MW-13 29-May-19 BA-LA-140 < 3.5
MW-13 29-May-19 CO-58 < 4.0
MW-13 29-May-19 C0-60 < 2.8
MW-13 29-May-19 CS-134 < 4.5
MW-13 29-May-19 CS-137 < 3.9
MW-13 29-May-19 FE-59 < 6.0
MW-13 29-May-19 MN-54 < 2.6
MW-13 29-May-19 ZN-65 < 3.5
MW-13 29-May-19 ZR-NB-95 < 4.2
MW-13 27-Aug-19 H-3 < 155
MW-13 27-Aug-19 1-131 < 0.414
MW-13 27-Aug-19 BA-LA-140 < 4.4
MW-13 27-Aug-19 CO-58 < 2.3
MW-13 27-Aug-19 C0O-60 < 3.4
MW-13 27-Aug-19 CS-134 < 4.4
MW-13 27-Aug-19 CS-137 < 5.0
MW-13 27-Aug-19 FE-59 < 6.4
MW-13 27-Aug-19 MN-54 < 3.2
MW-13 27-Aug-19 ZN-65 < 5.8
MW-13 27-Aug-19 ZR-NB-95 < 4.1
MW-13 13-Nov-19 H-3 < 155
MW-13 13-Nov-19 -131 < 0.491
MW-13 13-Nov-19 BA-LA-140 < 3.3
MW-13 13-Nov-19 CO-58 < 4.0
MW-13 13-Nov-19 C0O-60 < 1.7
MW-13 13-Nov-19 CS-134 < 4.3
MW-13 13-Nov-19 CS-137 < 2.6
MW-13 13-Nov-19 FE-59 < 6.0
MW-13 13-Nov-19 MN-54 < 1.7
MW-13 13-Nov-19 ZN-65 < 7.7
MW-13 13-Nov-19 ZR-NB-95 < 2.9
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY SIGN ERROR NOTE
MW-14 19-Mar-19 H-3 < 153
MW-14 19-Mar-19 -131 < 0.454
MW-14 19-Mar-19 BA-LA-140 < 4.1
MW-14 19-Mar-19 CO-58 < 1.9
MW-14 19-Mar-19 CO-60 < 2.1
MW-14 19-Mar-19 CS-134 < 3.5
MW-14 19-Mar-19 CS-137 < 3.1
MW-14 19-Mar-19 FE-59 < 5.6
MW-14 19-Mar-19 MN-54 < 3.3
MW-14 19-Mar-19 ZN-65 < 1.9
MW-14 19-Mar-19 ZR-NB-95 < 2.3
MW-14 29-May-19 H-3 < 154
MW-14 29-May-19 -131 < 0.373
MW-14 29-May-19 BA-LA-140 < 24
MW-14 29-May-19 CO-58 < 2.3
MW-14 29-May-19 CO-60 < 1.3
MW-14 29-May-19 CS-134 < 3.6
MW-14 29-May-19 CS-137 < 3.2
MW-14 29-May-19 FE-59 < 3.2
MW-14 29-May-19 MN-54 < 2.0
MW-14 29-May-19 ZN-65 < 4.3
MW-14 29-May-19 ZR-NB-95 < 2.5
MW-14 27-Aug-19 H-3 < 155
MW-14 27-Aug-19 -131 < 0.449
MW-14 27-Aug-19 BA-LA-140 < 1.6
MW-14 27-Aug-19 CO-58 < 2.6
MW-14 27-Aug-19 CO-60 < 24
MW-14 27-Aug-19 CS-134 < 3.3
MW-14 27-Aug-19 CS-137 < 3.6
MW-14 27-Aug-19 FE-59 < 4.8
MW-14 27-Aug-19 MN-54 < 2.5
MW-14 27-Aug-19 ZN-65 < 5.9
MW-14 27-Aug-19 ZR-NB-95 < 2.6
MW-14 13-Nov-19 H-3 < 155
MW-14 13-Nov-19 -131 < 0.465
MW-14 13-Nov-19 BA-LA-140 < 4.2
MW-14 13-Nov-19 CO-58 < 2.6
MW-14 13-Nov-19 CO-60 < 1.8
MW-14 13-Nov-19 CS-134 < 5.1
MW-14 13-Nov-19 CS-137 < 4.5
MW-14 13-Nov-19 FE-59 < 5.8
MW-14 13-Nov-19 MN-54 < 2.5
MW-14 13-Nov-19 ZN-65 < 7.9
MW-14 13-Nov-19 ZR-NB-95 < 3.1
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY | SIGN ERROR NOTE
MW-15 19-Mar-19 H-3 175 +/- 81 Duplicate
MW-15 19-Mar-19 H-3 217 +/- 83
MW-15 19-Mar-19 -131 < 0.500
MW-15 19-Mar-19 1-131 < 0.433 Duplicate
MW-15 19-Mar-19 BA-LA-140 < 5.3 Duplicate
MW-15 19-Mar-19 BA-LA-140 < 3.3
MW-15 19-Mar-19 CO-58 < 3.0 Duplicate
MW-15 19-Mar-19 CO-58 < 2.1
MW-15 19-Mar-19 CO-60 < 3.2 Duplicate
MW-15 19-Mar-19 C0O-60 < 1.1
MW-15 19-Mar-19 CS-134 < 2.5
MW-15 19-Mar-19 CS-134 < 4.1 Duplicate
MW-15 19-Mar-19 CS-137 < 4.5 Duplicate
MW-15 19-Mar-19 Cs-137 < 2.0
MW-15 19-Mar-19 FE-59 < 4.7
MW-15 19-Mar-19 FE-59 < 4.4 Duplicate
MW-15 19-Mar-19 MN-54 < 2.5
MW-15 19-Mar-19 MN-54 < 3.3 Duplicate
MW-15 19-Mar-19 ZN-65 < 5.3
MW-15 19-Mar-19 ZN-65 < 8.1 Duplicate
MW-15 19-Mar-19 ZR-NB-95 < 3.3
MW-15 19-Mar-19 ZR-NB-95 < 4.7 Duplicate
MW-15 29-May-19 H-3 162 +/- 81
MW-15 29-May-19 1-131 < 0.355
MW-15 29-May-19 BA-LA-140 < 3.2
MW-15 29-May-19 CO-58 < 2.2
MW-15 29-May-19 CO-60 < 2.5
MW-15 29-May-19 CS-134 < 3.6
MW-15 29-May-19 CS-137 < 4.8
MW-15 29-May-19 FE-59 < 57
MW-15 29-May-19 MN-54 < 2.7
MW-15 29-May-19 ZN-65 < 2.6
MW-15 29-May-19 ZR-NB-95 < 3.8
MW-15 27-Aug-19 H-3 267 +/- 87
MW-15 27-Aug-19 1-131 < 0.485
MW-15 27-Aug-19 BA-LA-140 < 2.4
MW-15 27-Aug-19 CO-58 < 4.0
MW-15 27-Aug-19 CO-60 < 1.6
MW-15 27-Aug-19 CS-134 < 4.8
MW-15 27-Aug-19 CS-137 < 3.4
MW-15 27-Aug-19 FE-59 < 6.8
MW-15 27-Aug-19 MN-54 < 3.5
MW-15 27-Aug-19 ZN-65 < 7.5
MW-15 27-Aug-19 ZR-NB-95 < 5.4
MW-15 13-Nov-19 H-3 254 +/- 86
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY | SIGN ERROR NOTE
MW-15 13-Nov-19 -131 < 0.382
MW-15 13-Nov-19 BA-LA-140 < 1.7
MW-15 13-Nov-19 CO-58 < 1.7
MW-15 13-Nov-19 C0O-60 < 2.0
MW-15 13-Nov-19 CS-134 < 2.9
MW-15 13-Nov-19 CS-137 < 2.8
MW-15 13-Nov-19 FE-59 < 3.8
MW-15 13-Nov-19 MN-54 < 3.4
MW-15 13-Nov-19 ZN-65 < 5.1
MW-15 13-Nov-19 ZR-NB-95 < 2.2
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY | SIGN ERROR NOTE

MW-16 19-Mar-19 H-3 < 153

MW-16 19-Mar-19 -131 < 0.478

MW-16 19-Mar-19 BA-LA-140 < 5.2

MW-16 19-Mar-19 CO-58 < 3.9

MW-16 19-Mar-19 C0O-60 < 7.3

MW-16 19-Mar-19 CSs-134 < 6.2

MW-16 19-Mar-19 Cs-137 < 5.9

MW-16 19-Mar-19 FE-59 < 6.6

MW-16 19-Mar-19 MN-54 < 5.7

MW-16 19-Mar-19 ZN-65 < 13.5

MW-16 19-Mar-19 ZR-NB-95 < 9.0

MW-16 29-May-19 H-3 < 154

MW-16 29-May-19 -131 < 0.448

MW-16 29-May-19 BA-LA-140 < 2.9

MW-16 29-May-19 CO-58 < 2.4

MW-16 29-May-19 CO-60 < 1.8

MW-16 29-May-19 CS-134 < 3.1

MW-16 29-May-19 Cs-137 < 2.5

MW-16 29-May-19 FE-59 < 3.7

MW-16 29-May-19 MN-54 < 3.5

MW-16 29-May-19 ZN-65 < 3.7

MW-16 29-May-19 ZR-NB-95 < 2.5

MW-16 27-Aug-19 H-3 < 155

MW-16 27-Aug-19 1-131 < 0.329

MW-16 27-Aug-19 BA-LA-140 < 2.7

MW-16 27-Aug-19 CO-58 < 2.8

MW-16 27-Aug-19 CO-60 < 3.5

MW-16 27-Aug-19 CS-134 < 3.3

MW-16 27-Aug-19 CS-137 < 2.3

MW-16 27-Aug-19 FE-59 < 3.1

MW-16 27-Aug-19 MN-54 < 2.8

MW-16 27-Aug-19 ZN-65 < 5.4

MW-16 27-Aug-19 ZR-NB-95 < 2.9

MW-16 13-Nov-19 H-3 < 155

MW-16 13-Nov-19 H-3 < 155 Duplicate

MW-16 13-Nov-19 1-131 < 0.446 Duplicate

MW-16 13-Nov-19 1-131 < 0.487

MW-16 13-Nov-19 BA-LA-140 < 4.1 Duplicate

MW-16 13-Nov-19 BA-LA-140 < 2.9

MW-16 13-Nov-19 CO-58 < 2.5 Duplicate

MW-16 13-Nov-19 CO-58 < 3.6

MW-16 13-Nov-19 CO-60 < 2.5 Duplicate

MW-16 13-Nov-19 CO-60 < 2.1
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY | SIGN ERROR NOTE

MW-16 13-Nov-19 CS-134 < 3.2

MW-16 13-Nov-19 CS-134 < 3.4 Duplicate

MW-16 13-Nov-19 Cs-137 < 3.5

MW-16 13-Nov-19 CS-137 < 2.1 Duplicate

MW-16 13-Nov-19 FE-59 < 6.0

MW-16 13-Nov-19 FE-59 < 3.1 Duplicate

MW-16 13-Nov-19 MN-54 < 2.5

MW-16 13-Nov-19 MN-54 < 3.3 Duplicate

MW-16 13-Nov-19 ZN-65 < 2.0 Duplicate

MW-16 13-Nov-19 ZN-65 < 2.1

MW-16 13-Nov-19 ZR-NB-95 < 2.5

MW-16 13-Nov-19 ZR-NB-95 < 2.5 Duplicate
(@)
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Onsite Groundwater Results

Concentration (pCi/L)

LOCATION DATE NUCLIDE ACTIVITY SIGN ERROR NOTE
MW-17 19-Mar-19 H-3 < 153
MW-17 19-Mar-19 -131 < 0.459
MW-17 19-Mar-19 BA-LA-140 < 4.8
MW-17 19-Mar-19 CO-58 < 2.7
MW-17 19-Mar-19 CO-60 < 11
MW-17 19-Mar-19 CS-134 < 3.4
MW-17 19-Mar-19 CS-137 < 3.7
MW-17 19-Mar-19 FE-59 < 5.3
MW-17 19-Mar-19 MN-54 < 2.5
MW-17 19-Mar-19 ZN-65 < 7.2
MW-17 19-Mar-19 ZR-NB-95 < 2.6
MW-17 29-May-19 H-3 < 154
MW-17 29-May-19 1-131 < 0.355
MW-17 29-May-19 BA-LA-140 < 5.2
MW-17 29-May-19 CO-58 < 3.7
MW-17 29-May-19 CO-60 < 1.9
MW-17 29-May-19 CS-134 < 4.9
MW-17 29-May-19 CS-137 < 4.4
MW-17 29-May-19 FE-59 < 8.8
MW-17 29-May-19 MN-54 < 3.8
MW-17 29-May-19 ZN-65 < 4.2
MW-17 29-May-19 ZR-NB-95 < 4.7
MW-17 27-Aug-19 H-3 < 155
MW-17 27-Aug-19 -131 < 0.410
MW-17 27-Aug-19 BA-LA-140 < 3.4
MW-17 27-Aug-19 CO-58 < 2.5
MW-17 27-Aug-19 CO-60 < 2.8
MW-17 27-Aug-19 CS-134 < 3.2
MW-17 27-Aug-19 CS-137 < 3.2
MW-17 27-Aug-19 FE-59 < 3.9
MW-17 27-Aug-19 MN-54 < 2.9
MW-17 27-Aug-19 ZN-65 < 2.7
MW-17 27-Aug-19 ZR-NB-95 < 2.7
MW-17 14-Nov-19 H-3 < 155
MW-17 14-Nov-19 -131 < 0.340
MW-17 14-Nov-19 BA-LA-140 < 4.8
MW-17 14-Nov-19 CO-58 < 2.5
MW-17 14-Nov-19 CO-60 < 4.2
MW-17 14-Nov-19 CS-134 < 4.9
MW-17 14-Nov-19 CS-137 < 3.7
MW-17 14-Nov-19 FE-59 < 6.0
MW-17 14-Nov-19 MN-54 < 3.5
MW-17 14-Nov-19 ZN-65 < 7.4
MW-17 14-Nov-19 ZR-NB-95 < 3.9
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ENCLOSURES TO WCGS

ANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT

Enclosure | contains the Offsite Dose Calculation Manual, AP 07B-003, Revision 9

Enclosure Il contains the Offsite Dose Calculation Manual (Radiological Environmental Monitoring
Program), AP 07B-004, Revision 22

Enclosure IIl contains the Solid Radwaste Process Control Program, AP 31A-100, Revision 9
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Wolf Creek Nuclear Operating Corporation
Procedure, AP 07B-003, Revision 9,
“Offsite Dose Calculation Manual”
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1.0 PURPOSE

1.1 This procedure contains the Offsite Dose Calculation Manual
(ODCM) and the requirements for revision and submittal to the
NRC.

1.2 This procedure is written in accordance with and satisfies

commitments to Regulatory Guide 1.21 Rev. 1 and Regulatory
Guide 1.109 Rev. 1. [3.2.1, 3.2.2]

2.0 SCOPE

2.1 This procedure partially fulfills the requirements of
Technical Specifications: 3.3.6 Containment Purge Isolation
Instrumentation; 3.3.7 Control Room Emergency Ventilation
System Actuation Instrumentation; 3.3.8 Emergency Exhaust
System (EES) Actuation Instrumentation; 5.5.2 Primary Coolant
Sources Outside Containment; 5.6.3 Radicactive Effluent
Release Report; 5.5.1 Offsite Dose Calculation Manual; and
5.5.4 Radioactive Effluent Controls Program.

2.2 Requirements for the Radiological Environmental Monitoring
Program have been moved to AP 07B-004.

3.0 REFERENCES AND COMMITMENTS

3.1 References

3.1.1 WCGS Technical Specifications

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

3.1.3 AP 07B-004, OFFSITE DOSE CALCULATION MANUAL
(RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM)

3.1.4 PIR 98-0112, Revising the ODCM with an OTSC

3.1.5 Technical Requirements Manual

3.1.6 NEI Letters 06-00288, 06-00331, 06-00332
3.1.7 Regulatory Guide 1.21, Revision 2

3.1.8 CR 29301, "Document Estimates for Tritium Release
from Auxiliary Boiler"

3.1.9 CR 36059, "EPRI and NEI C-14 Training Workshop"

3.1.10 CR 28094, "ODCM Does Not Fully Implement
Regulatory Guide 1.21"

3.1.11 CR 48258, "ODCM Terminology: Operable/Functional
Usage"
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3.1.12 PIR 2002-0975, "ODCM Revision Process
Inconsistencies"

3.1.13 CR 47483, "Ni-63 in Liquid Effluents: OE 34998"

3.1.14 Wolf Creek Updated Safety Analysis Report (USAR)

3/18
3.2 Commitments
3.2.1 Regulatory Guide 1.21, Revision 1 "Measuring,
Evaluating, and Reporting Radioactivity in Solid
Wastes and Releases of Radioactive Materials in
Liquid and Gaseous Effluents from
Light-Water-Cooled Nuclear Power Plants"
3.2.2 Regulatory Guide 1.109, Revision 1, Calculation
of Annual Doses to Man from Routine Releases of
Reactor Effluents for the Purpose of Evaluating
Compliance with 10 CFR Part50, Appendix I
4.0 DEFINITIONS
NOTE
The defined terms of this section appear in capitalized type and
are applicable throughout the ODCM.

4.1 ACTIONS: Shall be that part of a Specification that
prescribes Required Actions to be taken under designated
Conditions within specified Completion Times. 3/18

4.2 CALENDAR MONTH: The period of time from the beginning of the
month to the end of the month.

4.3 CHANNEL CALIBRATION: Shall be the adjustment, as necessary,

of the channel output such that it responds within the
necessary range and accuracy to known values of the parameter
that the channel monitors. The CHANNEL CALIBRATION shall
encompass all devices in the channel required for channel
OPERABILITY. Calibration of instrument channels with
resistance temperature detector (RTD) or thermocouple sensors
may consist of an in place qualitative assessment of sensor
behavior and normal calibration of the remaining adjustable
devices in the channel. The CHANNEL CALIBRATION may be
performed by means of any series of sequential, overlapping,
or total channel steps. 3/18
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CHANNEL CHECK: Shall be the qualitative assessment, by
observation, of channel behavior during operation. This
determination shall include, where possible, comparison of
the channel indication and status to other indications or
status derived from independent instrument channels measuring
the same parameter. 3/18

CHANNEL OPERATIONAL TEST (COT): Shall be the injection of a
simulated or actual signal into the channel as close to the
sensor as practicable to verify OPERABILITY, of all devices
in the channel required for channel OPERABILITY. The COT
shall include adjustments, as necessary, of the required
alarm, interlock, and trip setpoints required for channel
OPERABILITY such that setpoints are within the necessary
range and accuracy. The COT may be performed by means of any
series of sequential, overlapping or total channel steps.3/18

DOSE EQUIVALENT I-131: Shall be that concentration of I-131
(microcuries per gram) that alone would produce the same dose
when inhaled as the combined activities of iodine isotopes
I-131, I-132, I-133, I-134, and I-135 actually present. 3/18

FUNCTIONAL-FUNCTIONALITY: An attribute of an SSC not
controlled by TSs. An SSC is FUNCTIONAL or has FUNCTIONALITY
when it is capable of performing its specified function, as
set forth in the current licensing basis. Functionality does
not apply to TS specified safety functions, but does apply to
the ability of non-TS SSCs to perform other specified
functions that have a necessary support function. 3/18

MEMBER OF THE PUBLIC (10 CFR 20): Means any individual
except when that individual is receiving an occupational
dose. 3/18

MEMBER OF THE PUBLIC (40 CFR 190): Means any individual that
can receive a radiation dose in the general environment,
whether he may or may not also be exposed to radiation in an
occupation associated with a nuclear fuel cycle. However, an
individual is not considered a member the public during any
period in which the individual is engaged in carrying out any
operation which is part of a nuclear fuel cycle. 3/18

PROCESS CONTROL PROGRAM (PCP): Shall contain the current
formula, sampling, analyses, tests, and determinations to be
made to ensure that the processing and packaging of solid
radiocactive wastes, based on demonstrated processing of
actual or simulated wet solid wastes, will be accomplished in
such a way as to assure compliance with 10 CFR Part 20, 10
CFR Part 71, and Federal & State regulations and other
requirements governing the disposal for the radiocactive
waste.
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PURGE/PURGING: The controlled process of discharging air or
gas from a confinement to maintain temperature, pressure,
humidity, concentration, or other operating condition, in
such a manner that replacement air or gas is required to
purify the confinement.

RATED THERMAL POWER (RTP): RTP shall be a total reactor core
heat transfer rate to the reactor coolant of 3565 Mwt. 3/18

RESTRICTED AREA: 10 CFR 20 defines it as an area, access to
which is limited by the licensee for the purpose of
protecting individuals against undue risks from exposure to
radiation and radiocactive materials. Restricted area does
not include areas used as residential quarters, but separate
rooms 1in a residential building may be set apart as a
restricted area; per the USAR, the RESTRICTED AREA =
EXCLUSION AREA. 3/18

SOURCE CHECK: Shall be the qualitative assessment of channel
response when the channel sensor is exposed to a source of
increased radiocactivity.

SITE BOUNDARY: Per the USAR, this is considered the boundary
between the UNRESTRICTED and RESTRICTED AREAS for radioactive
effluent limits; the SITE BOUNDARY = Exclusion Area Boundary.
3/18

THERMAL POWER: Shall be the total reactor core heat transfer
rate to the reactor coolant. 3/18

TRIP ACTUATING DEVICE OPERATIONAL TEST (TADOT) : Shall
consist of operating the trip actuating device and verifying
the OPERABILITY of all devices in the channel required for
trip actuating device OPERABILITY. The TADOT shall include
adjustment, as necessary, of the trip actuating device so
that it actuates at the required setpoint within the
necessary accuracy. The TADOT may be performed by means of
any series of sequential, overlapping, or total channel
steps. 3/18

UNRESTRICTED AREA: Per the USAR, this is the area that
begins at the unrestricted/restricted boundary and extends
outward. 3/18

VENTING: The controlled process of discharging air or gas
from a confinement to maintain temperature, pressure,
humidity, concentration or other operating condition, in such
a manner that replacement air or gas is not provided or
required during venting. Vent, used in system names, does
not imply a venting process.
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VENTILATION EXHAUST TREATMENT SYSTEM (NUREG-1301): Shall be
any system designed and installed to reduce gaseous
radioiodine or radicactive material in particulate form in
effluents by passing ventilation or vent exhaust gases
through charcoal adsorbers and/or HEPA filters for the
purpose of removing iodines or particulates from the gaseous
exhaust stream prior to the release to the environment. Such
a system is not considered to have any effect on noble gas
effluents. Engineered Safety Features Atmospheric Cleanup
Systems are not considered to be VENTILATION EXHAUST
TREATMENT SYSTEM components. 3/18

WASTE GAS HOLDUP SYSTEM (NUREG-1301): Shall be any system
designed and installed to reduce radioactive gaseous
effluents by collecting Reactor Coolant System offgases from
the Reactor Coolant System and providing for delay or holdup
for the purpose of reducing the total radioactivity prior to
release to the environment. 3/18

X/Q (Regulatory Guide 1.21, Rev 2): The average atmospheric
effluent concentration, X, normalized by release rate, Q, at
a distance (or location) in a given downwind direction.
Expressed in another way, X/Q, 1s the concentration (X) of
airborne radioactive material (e.g., in units of uCi/m3)
divided by the release rate (Q) (e.g., in units of uCi/s) at
a specified distance and direction downwind of the release
point. 3/18

X/Q: Wolf Creek Generating Station uses a value of 2.2E-06
sec/m3 at the 1200 meter boundary in the north sector. 3/18

RESPONSIBILITIES

The Manager Chemistry is responsible for the ODCM.
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6.0 PROCEDURE

6.1 Revision Of The ODCM

NOTE

To comply with Technical Specification 5.5.1, revisions to the
ODCM are not permitted wvia APF 15C-004-04, ON THE SPOT CHANGE
form (3.1.4).

1.

1.

1.

3

All revisions to the ODCM are to be submitted
through the Manager Chemistry via a document
revision request (APF 15C-004-01).

The Manager Chemistry shall ensure the Document
Revision Request (APF 15C-004-01) package
includes the following:

1. Each change shall be identified by markings
in the margins of the affected pages, clearly
indicating the area of the page that was
changed, and shall indicate the date (e.g.,
month/year) the change was implemented.
Pursuant to TS 5.5.1, revision bars
indicating changes prior to the current
reporting period may be removed.

2. Sufficient information to support the change
together with the appropriate analyses or
evaluations justifying the change(s) and

3. A determination that the change will maintain
the level of Radioactive Effluent Control
required by Wolf Creek Technical
Specification 5.5.4.g9 (gaseous effluent), 10
CFR 20.1302 (liquid effluent), 40 CFR Part
190, 10 CFR 50.36A, and Appendix I to 10 CFR
Part 50 and not adversely impact the accuracy
or reliability of effluent dose or setpoint
calculations.

The ODCM revision shall become effective after
review and acceptance by the PSRC and the
approval of the Plant Manager.
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6.2 ODCM Submittal To NRC

6.2.1

7.0 RECORDS

Changes to the ODCM shall be submitted to the
Commission in the form of a complete, legible
copy of the entire ODCM as a part of or
concurrent with the Annual Radioactive Effluent
Release Report for the period of the report in
which any change to the ODCM was made.

7.1 The following is a lifetime QA Record:

7.1.1
8.0 FORMS

8.1 None

AP 07B-003, OFFSITE DOSE CALCULATION MANUAL
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OFFSITE DOSE CALCULATION MANUAL

1.0 Introduction

The Offsite Dose Calculation Manual describes the Radiocactive
Effluent Controls Program. The implementation of this program
ensures compliance with the requirements of 10 CFR 50.36, 10 CFR
20.106, 10 CFR 20.1302, 10 CFR 50 Appendix I and 40 CFR 190.

On January 1, 1994, 10 CFR 20.1001-20.2402 was implemented. Wolf
Creek maintains the existing level of gaseous effluent control
established from specifications in the first implementation of 10 CFR
20.106, now contained in Wolf Creek Technical Specification 5.5.4.g.
Compliance with Technical Specification 5.5.4.g has been determined
by the NRC to be As Low As Reasonably Achievable (ALARA).

On December 18, 1999 Wolf Creek implemented 10 CFR 20.1302 limits for
radioactive 1liquid effluents. The concentration of radiocactive
material released in liquid effluents to UNRESTRICTED AREA conforms
to 10 times the concentration values in Appendix B, Table 2, Column
2, to 10 CFR 20.1001-20.2402.

The ODCM describes the methodology and parameters used 1in the
calculation of offsite doses due to radioactive liquid and gaseous
effluents. The ODCM contents for calculation of dose are based on
“Preparation of Radiological Effluent Technical Specifications for
Nuclear Power Plants (NUREG-0133),” and Regulatory Guide 1.109,
Revision 1.

Dose calculations are performed for the limiting age group i.e.,
Adult age group for the liquid pathway, and the Child age group for
gaseous effluent organ doses.

The ODCM provides the limitations on the FUNCTIONALITY of radioactive
liquid and gaseous monitoring instrumentation including surveillance
tests and setpoint determination. Fach Surveillance Reqgquirement
shall be performed within the specified surveillance interval with a
maximum allowable extension not to exceed 25% of the specified
interval.

The ODCM provides descriptions of the information that should be
included in the Annual Radioactive Effluent Release Reports.
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2.0 Liquid Effluents

2.1 Concentration - Compliance with 10 CFR 20

The concentration of radioactive material released 1in liquid
effluents to UNRESTRICTED AREAS shall be limited to 10 times the
limit specified in 10 CFR Part 20, Appendix B, Table 2, Column 2, for
radionuclides other than dissolved or entrained noble gases. For
dissolved or entrained noble gases, the concentration shall be
limited to 2x107™* microCurie/mL total activity. (USAR Chapter 11)

2.1.1 Remedial Action

With the concentration of radioactive material released in liquid
effluents to UNRESTRICTED AREAS exceeding the above limits,
immediately restore the concentration to within the above limits.

2.1.2 Surveillance Requirements

To show compliance with this requirement, concentrations of actual
liquid effluents will be determined by performing Isotopic Analyses.
Radioactive liquid wastes shall be sampled and analyzed according to
the sampling and analysis program of Table 2-1.
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TABLE 2-1

RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

DISSOLVED/

LIQUID PRINCIPAL ENTRAINED GROSS
RELEASE SAMPLE GAMMA GASES ALPHA AND Sr-89, Fe-55,

TYPE FREQUENCY EMMITERS I-131 (GAMMA) H-3 Sr-90 Ni-63

1. Batch Tanks(2)
THBO7A&B P P (3) P M M 0 0
Composite | Composite| Composite
(4) (4) (4)
LLD (1) S5E-7 1E-6 1E-5 1E-7 Alpha S5E-8 1E-6
1E-5 H-3
THEO04A&B P P(3) P M M Q Q
Composite | Composite| Composite
(4) (4) (4)
LLD (1) S5E-7 1E-6 1E-5 1E-7 Alpha 5E-8 1E-6
1E-5 H-3
2. Continuous Releases (5)

Steam D(6) W(3) W M M Q Q
Generator Composite| Composite Composite | Composite| Composite
Blowdown (4) (4) (4) (4) (4)

LLD (1) S5E-7 1E-6 1E-5 1E-7 Alpha S5E-8 1E-6
1E-5 H-3
Turbine D(6) W(3) W M M 0 0
Building Composite| Composite Composite | Composite| Composite
Sump (4) (4) (4) (4) (4)
LLD (1) S5E-7 1E-6 1E-5 1E-7 Alpha 5E-8 1E-6
1E-5 H-3
Waste Water D(6) W(3) W M M 0 0
Treatment Composite| Composite Composite | Composite| Composite
(4) (4) (4) (4) (4)
LLD (1) 5E-7 1E-6 1E-5 1E-7 Alpha S5E-8 1E-6
1E-5 H-3
Lime Sludge D(6) W(3) W M M 0 Q
Pond Composite| Composite Composite | Composite| Composite
(4) (4) (4) (4) (4)
LLD (1) S5E-7 1E-6 1E-5 1E-7 Alpha 5E-8 1E-6
1E-5 H-3
LLD = (uCi/ml)
NOTATION FREQUENCY NOTATION FREQUENCY
S At least once per 12 hours SA At least once per 184 days
D At least once per 24 hours R At least once per 18 months
W At least once per 7 days S/U Prior to each reactor startup
M At least once per 31 days N.A. Not Applicable
Q At least once per 92 days P Completed prior to each release
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TABLE 2-1 (Continued)
TABLE NOTATIONS

(1) The LLD is defined, as the smallest concentration of radiocactive
material in a sample that will yield a net count, above system
background, that will be detected with 95% probability with only 5%
probability of falsely concluding that a blank observation represents
a “real” signal.

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

LLD - 4.66 s,
ExVx222x10° x Y x Decay
Eq. 1
Where:
LILD = the “a priori” lower limit of detection (microCuries per unit

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

s, =+/B/LT

Eq. 2

Where:
B = background sum (counts)

LT = live time (minutes)

the counting efficiency (counts per disintegration)

E

V = the sample size (units of mass or volume)

2.22x10° = the number of disintegrations per minute per microCurie
Y

= the fractional radiochemical yield, when applicable

Decay = decay factor(s); there are three decay factors that may be
appropriate for use depending on the nature of the sample and the
half-life of the nuclide; any combination of the three may be used;
the factors are as follows:
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OFFSITE DOSE CALCULATION MANUAL
TABLE 2-1 (Continued)
TABLE NOTATIONS

a) This decay factor corrects for decay from the time of sampling
to the start of the analysis.

e‘kAts
Eq. 3
Where:
Ats = decay time = acquisition start time - sample time

A = 1In2/half-1life

b) This decay factor corrects for decay during the analysis.

1 - e -ART

AxRT
Eq. 4
Where:

A = In2/half-life
RT = real time of counting

c) This decay factor corrects for decay during sampling.

1_ e -lAtd
AAt,
Eq.5
Where:
A = 1In2/half-1life
Aty = deposition time = (sample time - deposition start time),
or for effluents only (sample time - midpoint of sample period)
NOTE

All times used in decay calculations should be in the same
units.

Typical values of E, V, Y, tg, tg should be used in the calculation.

It should be recognized that the LLD is defined as an a priori
(before the fact) limit representing the capability of a measurement
system and not as an a posteriori (after the fact) limit for a
particular measurement.
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TABLE 2-1 (Continued)
TABLE NOTATIONS

For wvery low background counting, the LLD can optionally be
calculated as follows:

2.71+4.665s,
ExVx222x10°x Y x Decay

Eq. 6

LLD=

(2) A batch release is the discharge of ligquid wastes of a discrete
volume. Prior to sampling for analyses, each Dbatch shall be
isolated, and then thoroughly mixed by a method described in plant
procedures to assure representative sampling.

(3) The principal gamma emitters for which the LLD specification
applies include the following radionuclides: Mn-54, Fe-59, Co-58,
Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141 and Ce-144. This 1list
does not mean that only these nuclides are to be considered. Other
gamma peaks that are identifiable, together with those of the above
nuclides, shall also Dbe analyzed and reported 1in the annual
Radioactive Effluent Release Report. 3/18

(4) A composite sample is one in which the quantity of 1liquid
sampled 1is proportional to the quantity of ligquid waste discharged
and in which the method of sampling employed results in a specimen
that 1is representative of the liquids released. Prior to analysis,
all samples taken for the composite shall Dbe thoroughly mixed in
order for the composite samples to be representative of the effluent
release.

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

(6) Samples shall be taken at the initiation of effluent flow and at
least once per 24 hours thereafter while the release is occurring.
To be representative of the liquid effluent, the sample volume shall
be proportioned to the effluent stream discharge volume. The ratio
of sample volume to effluent discharge volume shall be maintained
constant for all samples taken for the composite sample.
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2.2 Dose - Compliance With 10 CFR 50 Appendix I

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

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

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

2.2.1 Remedial Action

With the calculated dose from the release of radioactive materials in
liquid effluents exceeding any of the above 1limits, prepare and
submit to the Commission within 30 days, a Special Report that
identifies the cause(s) for exceeding the limit(s) and defines the
corrective actions that have been taken to reduce the releases and
the proposed corrective actions to be taken to assure that subsequent
releases will be in compliance with the above limits. This Special
Report shall also include the results of radiological analyses of the
drinking water source, and the radiological impact on finished
drinking water supplies with regard to the requirements of 40 CFR
Part 141, Clean Drinking Water Act. This requirement of (a.) and
(b.) are applicable only if drinking water supply 1is taken from the
receiving body within 3 miles of the plant discharge.

2.2.2 Surveillance Requirements

Cumulative dose contributions from liquid effluents for the current
calendar quarter and the current calendar year shall be determined
using the following methodology at least once per 31 days.

D, =2, (Ai‘r ZA thilij

=1
Eq. 7
Where:
D, = cumulative dose commitment to the total body or any organ, r,

from the liquid effluent for the total time period §:Atph1mrem
P

At, = the length of the Lth time period over which C;, and F, are
averaged for all ligquid releases, in hours
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Ci, = the average concentration of radionuclide i, 1in undiluted

liquid effluent flow during time period At,, in pCi/ml

F, = the near field average dilution factor for C;, during any liquid

A

effluent release; it is calculated as follows:
B f
»(f+FK
Eq. 8
Where:

f = liguid radioactive waste flow (waste water flow)

F = liquid dilution flow, the average dilution flow during
release
K = applicable factor; the site dependent wvalue for the mixing

effect of the discharge structure; this value is conservatively
assumed to be 1 (one) for this section

A;j; = the site related ingestion dose commitment factor to the total
body or any organ, 1, for each identified principal gamma and beta

emitter in mrem/hr per uCi/ml; see Tables A.4-1 through A.4-4

The limiting age group for liquid dose calculations is the Adult age
group.

A.= 114E5 (U, /Dy, + U, x BE)DF,
Eq.9
Where:

Dy = dilution factor from the near field area to the potable water
intake for water consumption; for Wolf Creek Generating Station, this
factor is 1 (one)

BF; = Dbioaccumulation factor for radionuclide i in fish, in pCi/kg
per pCi/l (Table A.1-1 from Regulatory Guide 1.109, Rev. 1)

DF; = adult dose conversion factor for radionuclide i, in mrem/pCi
(Table A.3-1 from Regulatory Guide 1.109, Rev. 1)

Uy = adult water consumption, 730 1/yr (Regulatory Guide 1.109)

Up adult fish consumption, 21 kg/yr (Regulatory Guide 1.109)

108 pCi/uCi x 103 ml/1
8760 hr/yr

1.14E5 = Units conversion factor =
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The dose calculations are based on the actual isotopic analysis of
the radiocactive 1liquid effluents, the radioactive 1liquid effluent
flow and the dilution flow.

The above dose calculations utilize NUREG-0133 equations and
Regulatory Guide 1.109 tables. For the effluent pathways in use at
Wolf Creek, NUREG-0133 and Regulatory Guide 1.109 are equivalent
calculations when the ‘nuclide transit time to point of exposure’,
used 1in Regulatory Guide 1.109, 1is set to zero. NUREG-0133
calculations are developed and used here for calculation
simplification in the event manual calculations are needed. Software
currently in wuse wutilizes the equivalent Regulatory Guide 1.109
equations to provide greater software versatility. Equations have
been proven equivalent algebraically and numerically.

2.3 Projected Dose

The Liquid Radwaste Treatment System shall be FUNCTIONAL and
appropriate portions of the system shall be used to reduce releases
of radicactivity when the projected doses due to liquid effluent,
from each unit, to UNRESTRICTED AREAS would exceed 0.06 mrem to the
whole body or 0.2 mrem to any organ in a 31 day period.

2.3.1 Remedial Action

With radioactive liquid waste being discharged without treatment and
in excess of the above limits and any portion of the Liquid Radwaste
Treatment System not 1in operation, prepare and submit to the
Commission within 30 days, a Special Report that includes the
following information:

a. Explanation of why liquid radwaste was being discharged without
treatment, identification of any nonfunctional equipment or

subsystems, and the reason for the nonfunctionality,

b. Action(s) taken to restore the nonfunctional equipment to
FUNCTIONAL status, and

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

2.3.2 Surveillance Requirements

2.3.2.1 Doses due to ligquid releases from each unit to UNRESTRICTED
AREAS shall be projected at least once per 31 days in accordance with
the following methodology when Liquid Radwaste Treatment Systems are
not being fully utilized.
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D, = [é} x 31
T

Eg. 10
Where:
D31 = projected 31 day dose
A = cumulative dose for previous three calendar months

T = number of days that the cumulative dose occurred in A above

2.3.2.2 The installed Liquid Radwaste Treatment System shall be

considered FUNCTIONAL by meeting the requirements of Sections 2.1 and
2.2.

2.4 Instrumentation

The radioactive liquid effluent monitoring instrumentation channels
shown in Table 2-2 shall be FUNCTIONAL with their Alarm/Trip
Setpoints set to ensure that the 1limits of Section 2.1 are not
exceeded. The Alarm/Trip Setpoints of these channels shall be
determined and adjusted 1in accordance with the methodology and
parameters described in Section 2.4.4.

2.4.1 Remedial Action

2.4.1.1 With a radiocactive liquid effluent monitoring
instrumentation channel Alarm/Trip Setpoint less conservative than
required by the above, immediately suspend the release of radioactive
liquid effluents monitored by the affected channel, or declare the
channel nonfunctional.

2.4.1.2 With less than the minimum number of radiocactive 1liquid
effluent monitoring instrumentation channels FUNCTIONAL, take the
ACTION shown in Table 2-2. Restore the nonfunctional instrumentation
to FUNCTIONAL status within the time specified in the ACTION, or
explain in the next Annual Radiocactive Effluent Release Report why
this nonfunctionality was not corrected within the time specified.

2.4.2 Surveillance Requirements

FEach radioactive liquid effluent monitoring instrumentation channel
shall be demonstrated FUNCTIONAL by performance of the CHANNEL CHECK,
SOURCE CHECK, CHANNEL CALIBRATION and CHANNEL OPERATIONAL TEST at the
frequencies shown in Table 2-3.
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TABLE 2-2

INSTRUMENT

1. Radioactivity Monitors Providing Alarm
and Automatic Termination of Release

a.

Liquid Radwaste Discharge Monitor
(HB-RE-18)

Steam Generator Blowdown Discharge
Monitor (BM-RE-52)

Turbine Building Drain Monitor
(LE-RE-59)

Secondary Liquid Waste System
Monitor (HF-RE-45)

Wastewater Treatment System
Influent Monitor (HF-RE-95)

2. Flow Rate Measurement Devices

a.

Liquid Radwaste Discharge Line

1) Waste Monitor Tank A Discharge
Line

2) Waste Monitor Tank B Discharge
Line

Steam Generator Blowdown Discharge
Line

Secondary Liquid Waste System
Discharge Line

1) Secondary Liquid Waste Monitor
Tank A Discharge Line

2) Secondary Liquid Waste Monitor
Tank B Discharge Line

MINIMUM
CHANNELS
FUNCTIONAL

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

ACTION

31

32

32

31

32

33

33

33

33

33
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TABLE 2-2 (Continued)
ACTION STATEMENTS

Action 31 - With the number of channels FUNCTIONAL less than required
by the Minimum Channels FUNCTIONAL requirement, effluent releases via
this pathway may continue for up to 14 days provided that prior to
initiating a release:

a. At least two independent samples are analyzed in accordance with
Section 2.1.2, and

b. At least two technically qualified members of the facility staff
independently verify the release rate calculations and discharge
line wvalving.

Otherwise, suspend release of radioactive effluents via this pathway.

Action 32 - With the number of channels FUNCTIONAL less than required
by the Minimum Channels FUNCTIONAL requirement, effluent releases via
this pathway may continue for up to 30 days provided grab samples are
analyzed for principle gamma emitters and I-131 at a lower limit of
detection as specified in Table 2-1.

a. At least once per 12 hours when the specific activity of the
secondary coolant 1is greater than 0.01 microCurie/gram DOSE
EQUIVALENT I-131, or

b. At least once per 24 hours when the specific activity of the
secondary coolant is less than or equal to 0.01 microCurie/gram
DOSE EQUIVALENT I-131.

Action 33 - With the number of channels FUNCTIONAL less than required
by the Minimum Channels FUNCTIONAL requirement, effluent releases via
this pathway may continue for up to 30 days provided the flow rate is
estimated at least once per 4 hours during actual releases. Pump
performance curves generated in place may be used to estimate flow.
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TABLE 2-3
RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION
SURVEILLANCE REQUIREMENTS

INSTRUMENT CHANNEL SOURCE CHANNEL CHANNEL
CHECK CHECK CALIBRATION OPERATIONAL
TEST

1. Radioactivity Monitors providing
alarm and automatic termination of
release

a. Liquid Radwaste Discharge D P R(2) Q(1)
Monitor (HB-RE-18)

b. Steam Generator Blowdown D M R(2) Q(1)
Discharge Monitor (BM-RE-52)

c. Turbine Building Drain D M R(2) Q(1)
Monitor (LE-RE-59)

d. Secondary Liquid Waste System D P R(2) Q(1)
Monitor (HF-RE-45)

e. Wastewater Treatment System D M R(2) Q(1)
Influent Monitor (HF-RE-95)

2. Flow Rate Measurement Devices
a. Liquid Radwaste Discharge D(3) N.A. R N.A.
Line
b. Steam Generator Blowdown D(3) N.A. R N.A.

Discharge Line

c. Secondary Liquid Waste System D(3) N.A. R N.A.
Discharge Line
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TABLE 2-3 (Continued)
TABLE NOTATIONS

(1) The CHANNEL OPERATIONAL TEST shall also demonstrate that
automatic isolation of this pathway and control <room alarm
annunciation occur as appropriate if any of the following conditions
exists:

a. Instrument indicates measured levels above the Alarm/Trip Setpoint
(isolation and alarm), or

b. Circuit failure (alarm only), or
c. Instrument indicates a downscale failure (alarm only), or
d. Instrument controls not set in operate mode (alarm only).

(2) The initial CHANNEL CALIBRATION for each model detector shall be
performed using one or more of the reference (gas, liquid and/or
solid) standards certified by the National Institute of Standards and
Technology (NIST) or using standards that have been obtained from
suppliers that participate 1in measurement assurance activities with
NIST. These standards shall permit calibrating the system over its
intended range or energy, measurement range, and establish monitor
response to solid secondary calibration source(s). For subsequent
CHANNEL CALIBRATION, NIST traceable standard (gas, liquid and/or
solid) may be used; or a solid source that has been correlated to the
detectors initial CHANNEL CALIBRATION that was previously (within 30
days) calibrated by the same geometry and type of source standard
traceable to NIST. 3/18

With wvendor concurrence, initial CHANNEL CALIBRATIONS for the same
model and type detector are representative of all detectors of the
same model and type. 3/18

Initial detector CHANNEL CALIBRATIONS may be performed by a vendor in
place of on-site initial CHANNEL CALIBRATION, providing all of the
requirements specified in the ODCM and USAR are met. 3/18

(3) CHANNEL CHECK shall consist of verifying indication of flow
during periods of release. CHANNEL CHECK shall be made at least once
per 24 hours on days on which continuous, periodic, or batch releases
are made.
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2.4.3 Liquid Monitor Calibration Methodology

The five monitors associated with ligquid releases are listed below:

Monitor ID Description

0-BM-RE-52 Steam Generator Blowdown Discharge Monitor

0-LE-RE-59 Turbine Building Drain Monitor

0-HF-RE-45 Secondary Liquid Waste System Monitor

0-HB-RE-18 Liquid Radwaste Discharge Monitor

0-HF-RE-95 Wastewater Treatment System Influent Monitor

Liquid effluent streams are monitored by an NaI(Tl) Detector. The

detector operates in a gross counting mode and is gamma sensitive.

Calibration of the liquid monitors shall be performed using at least
three standard solutions of Cs-137. The standards shall cover the
appropriate range of the detector and have concentrations of

approximately 5 x 107/ puCi/cc, 1 x 1079 pCi/cc, and 1 x 1073 pcCi/cc.
The standards shall be presented to the detector and the meter
reading in counts per minute shall be recorded. A determination of
linearity shall Dbe produced wusing the counts per minute vs.
concentration data. 3/18

2.4.4 Liquid Effluent Monitor Setpoints

The High Alarm/Trip Setpoints for the Liquid Effluent Radiation
Monitors are based on 10 times the instantaneous concentration limits
of 10 CFR 20, Appendix B, Table 2, Column 2 applied at the boundary
of the restricted area. Specifically, the High Alarm Setpoint will
correspond to 10 times the 10 CFR Part 20 limits at the boundary of
the restricted area. Since the high alarm/trip initiates isolation
of the particular system and termination of the release, this
setpoint represents assurance that 10 times the instantaneous liquid
release limit of 10 CFR Part 20 is not exceeded. Auditable records
shall be maintained indicating the actual setpoints wused at all
times.
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The following discussion explains the setpoint methodology, which is
applied in greater detail in subsequent sections. The calculated
Alarm and Trip Action Setpoints for the Liquid Effluent Line Monitors
must satisfy the following equation:

f
v <ECL
F+f
Eq. 11
Where:
ECL = ten times the liquid Effluent Concentration Limit of 10 CFR 20,

which implements Section 2.1 in pCi/ml; for dissolved or entrained

noble gases, the concentration shall be limited to 2x107* puCi/ml
total activity 3/18

c = the setpoint, in pCi/ml, of the radiocactivity monitor measuring
the radiocactivity concentration in the effluent 1line (waste water
line) prior to dilution and subsequent release; the setpoint 1is
inversely proportional to the volumetric flow of the effluent line
and directly proportional to the volumetric flow of the dilution
stream plus the effluent stream; the setpoint represents a value,
which if exceeded would result in concentrations exceeding 10 times
the limits of 10 CFR 20 in the restricted area

f = the effluent pump flow rate (waste water flow rate) 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 rate as measured prior to the release
point, in volume per unit time

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

c< ECL(FT”j (4Ci/ml)

Eq. 12

If no gamma activity is detected, calculate the monitor setpoint by
assigning the available ECL fraction to 10 times the 10 CFR 20 ECL
for I-131.
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2.4.4.1 Continuous Liquid Effluent Monitors

The three monitors associated with continuous 1ligquid releases are
listed below:

Monitor ID Description

0-BM-RE-52 Steam Generator Blowdown Discharge Monitor
0-LE-RE-59 Turbine Building Drain Monitor

0-HF-RE-95 Waste Water Treatment System Influent Monitor

The Steam Generator Blowdown Discharge Effluent Monitor continuously
monitors the Blowdown Discharge Pump Outlet to detect excess
radicactivity due to System Demineralizer breakthrough or abnormal
Primary to Secondary leakage. The Blowdown Discharge Monitor’s High
Alarm Setpoint initiates CLOSURE of the Blowdown Isolation Valves and
the Blowdown Discharge Valve. Similarly, the High Radiation Alarm on
the Turbine Building Drain Monitor and Waste Water Treatment Monitor
initiates CLOSURE of the Drain Line Isolation Valves to prevent the
release of radioactive effluents.

Monitor setpoints will be conservatively based on I-131, the most
restrictive isotope expected to be present. This is particularly
appropriate for the Turbine Building Drain Line Monitor since the
most probable source is the Secondary Steam System which i1s expected
to have negligible activity unless there is a significant Primary to

Secondary leak. Due to changing activities, it will not be possible
to select a radionuclide distribution on which to base the monitor
setpoint. Additionally, maximum effluent flows and minimum dilution

flows will normally be assumed.

The High Alarm/Trip Setpoint will be set to correspond to 10 times
the I-131 ECL limit at the boundary of the restricted area from 10
CFR Part 20, Appendix B, Table 2, Column 2. The alert alarm is set
one order of magnitude below the High Alarm/Trip Setpoint for release
points that have dilution and to the High Alarm wvalue for those
without dilution. This High Alarm/Trip Setpoint assures the limits
of Section 2.1 are not exceeded at the boundary of the restricted
area.
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The above continuous liquid effluents are not radioactive effluents
until activity has been detected by the liquid effluent monitor, a
tritium analysis of the secondary system, or a gross beta analysis of
the secondary system. At that time, an analysis of the effluent will
be made to verify activity in the system effluent. During periods of
time when the above liquid effluents are not radioactive, the High
Alarm/Trip Setpoint may be set to 1.5 times the background count
rate.

The high alarm/trip setpoints for continuous releases are calculated
using the following methodology:

+
SETPOHWTUKHMﬂ):ECLHNXE€TEXAFXSF
Eq. 13
Where:
ECL;-131 = 1E-5 uCi/ml (this value equals 10 times the Effluent

Concentration Limit of I-131) 3/18
F = dilution flow rate

f = effluent (waste water) flow rate through any of the three
previously named monitors

AF = the allocation fraction; a conservative factor used to allocate
portions of a shared dilution stream to separate concurrent releases
to ensure the concentration limits of section 2.1 are not exceeded.
The sum of allocation fractions for concurrent releases with a shared
discharge point shall not exceed 1.0 and may be altered based on
plant need. For cases where the ECL fraction exceeds 1.0, dilution
is required to ensure compliance with section 2.1, and the allocation
fraction must be applied to ensure this compliance is met.

SF = the safety factor; a conservative factor used to compensate for
statistical fluctuations and errors of measurement; the default value
is 1.0, however, this value may be set, administratively, to values
less than 1.0

The setpoint calculation is based on the minimum dilution flow rate,
the maximum possible effluent flow rate and due to changing
conditions, I-131, which is the most restrictive isotope expected to
be present.
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In the event that a high alarm/trip is reached, the release will be
terminated and evaluated to see 1if the 1limit of Section 2.1 was
exceeded by using the actual Dilution Flow Rate, the actual Effluent
Flow Rate and the actual isotopic analysis as outlined in Section
2.4.4.2. The setpoint will still be based on 10 times the 10 CFR 20
ECL of I-131 due to the changing conditions of activity and I-131
being the most restrictive isotope. 3/18

2.4.4.2 Batch Radioactive Liquid Effluent Monitor

The two monitors associated with liquid batch releases are listed
below:

Monitor ID Description

0-HF-RE-45 Secondary Liquid Waste System Monitor
0-HB-RE-18 Liquid Radwaste Discharge Monitor

The High Alarm/Trip setpoint is a function of dilution flow rate,
tank flow rate, and isotopic composition. A laboratory isotopic
analysis is made of each batch prior to discharge. Based on the
isotopic analysis and existing flow condition, the setpoint will be
calculated and set on the appropriate monitor to ensure the 10 times
the Effluent Concentration Limits of 10 CFR 20, Appendix B, Table 2,
Column 2 (WCNOC ODCM Attachment A, Section 2.1) are not exceeded.
The Alert/Alarm Setpoint 1is set to 80% of the High Alarm/Trip
setpoint.

The High Alarm/Trip setpoints are determined using the following
methodology:

a. Determine concentrations of radicactivity of the Dbatch being
considered for release.

The isotopic concentration of the Dbatch is the sum of the
concentrations for the isotopes present as determined from the
analysis required in Table 2-1.

>.C, =>.C,+C,+C, +C, +C,
i g

Eq. 14
Where:

Ci = the concentration of nuclide i1 as determined by the analysis of
the waste sample
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Cg = the sum of the concentrations Cg of each measured gamma

emitting nuclide observed by gamma-ray spectroscopy of the waste
sample

*Ca = the measured concentration C5; of alpha emitting nuclides
observed by gross alpha analysis of the monthly composite sample

*Cg = the measured concentrations of Sr-89 and Sr-90 in liquid waste
as determined by analysis of the quarterly composite sample

*Cy = the measured concentration of H-3 in liquid waste

*Cg = the measured concentration of Fe-55 and Ni-63 in liquid waste

as determined by analysis of the quarterly composite

*Values for these concentrations will be based on previous composite
sample analysis as required by Table 2-1.

b. The measured radionuclide concentrations are used to calculate the
Required Dilution Factor (RDF) which 1is the ratio of total
dilution flow rate to tank flow rate required to assure that the
limiting concentrations of Section 2.1 are met at the point of
discharge. This 1s referred to as the Required Dilution Factor
and is determined according to:

C,

[zi j
ECL. | F
RDF=~ "1/ _"

AFx SF f

Eqg. 15
Where:

RDF = required dilution factor to meet 10 times 10 CFR 20 ECLs at
point of discharge

C; = measured concentrations of (¥W Car Cg, Ct and Cg as defined
previously; terms Cg, Cg, Cy and Cg will be included in the
calculation as appropriate 3/18

ECL; = ECLg, ECL;, ECLg, ECLt and ECLf are 10 times the limiting
concentration of the appropriate radionuclide from 10 CFR 20,
Appendix B, Table 2, Column 2; for dissolved or entrained noble

gases, the concentration shall be limited to 2.0E-04 uCi/ml total
activity
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AF = the allocation fraction; a conservative factor used to allocate
portions of a shared dilution stream to separate concurrent releases
to ensure the concentration limits of section 2.1 are not exceeded.
The sum of allocation fractions for concurrent releases with a shared
discharge point shall not exceed 1.0 and may be altered based on
plant need. For cases where the ECL fraction exceeds 1.0, dilution
is required to ensure compliance with section 2.1, and the allocation
fraction must be applied to ensure this compliance is met.

SF = the safety factor; a conservative factor used to compensate for
statistical fluctuations and errors of measurement; the default value
is 1.0

F = dilution flow rate
f effluent flow rate (waste water flow rate)

c. The calculated maximum permissible waste tank effluent flow rate
(fnax) 1s Dbased on the Required Dilution Factor (RDF) and the
effective dilution flow rate (Fessf) .

<£ﬁ;t£z F

< —<f_for f{((F
™~ RDF RDF (e

Eq. 16
Where:
fruax = the calculated maximum permissible waste tank effluent flow
rate
f = the expected effluent (waste stream) flow rate; normally the

rated capacity of the effluent pump
RDF = the required dilution factor; as defined previously

LC;
Feff = Fm l:l - ZEC—I_I,:I
i

i
Eq. 17
Where:

Ferr = effective dilution flow rate; this is applied since the cooling
lake into which the effluent 1is discharged is also the dilution
stream; this accounts for the recirculation of previously emitted
radionuclides should they be detected by sample analysis of the
cooling lake water

F, = the expected minimum dilution water flow rate; for the purpose
of setpoint calculations, the expected minimum dilution flow rate is
assigned a value based upon the type and number of pumps running into
the circulating water piping

IC; = the measured concentration of nuclide i in the cooling lake
water sample
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ECL; = Effluent Concentration Limit; set to 10 times the Effluent
Concentration Limit of nuclide’s from 10 CFR 20, Appendix B, Table 2,
Column 2 in accordance with ODCM Attachment A, Section 2.1

Thus the pump flow rate, f, in the above equation is set at or below
frnax- Even though the value of fpyx may be larger than the actual

effluent pump capacity, 1t does represent the upper 1limit to the
effluent flow rate, whereby the requirement of 10 CFR 20 may still be
met. If RDF < 1, the effluent pump flow rate may be assigned any
value since the waste tank effluent concentration meets the limits of
10 CFR 20 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
consideration, the pump flow rate should be set at as low a value as
practicable to detect any inadvertent release. A setpoint for the
dilution stream flow rate 1is not applicable since the minimum flow
rate is administratively set.

d. The liquid radiation monitor setpoint may now be determined based

on the wvalues of i, Ci, f, and fpax as previously defined. The
monitor response 1s primarily due to gamma radiation; therefore,
the actual setpoint is based on 4 and C4q. The calculated monitor

setpoint concentration is determined as follows:
czA%:cg («Ci/ml)

Eq. 18
Where:

A = adjustment factor which will allow the setpoint to be established
in a practical manner for convenience and to prevent spurious alarms

Ao fose
f

Eq. 19

If A > 1, calculate ¢ to determine the maximum value for the actual
monitor setpoint (uCi/ml).

If A < 1, no release may be made. Calculations must be repeated to
reduce monitor setpoint by applying a combination of higher dilution
flow, lower tank/system release rate, or 1increased allocation
fraction (AF).
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If RDF < 1, no further dilution is required and the release may be
made without regard to available dilution or to other releases made
simultaneously. However, it 1s necessary to establish a monitor
setpoint which will provide alarm should the release concentration
inadvertently exceed 10 CFR 20 limits. This can be accomplished by
establishing the adjustment factor as follows:
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3.0 Gaseous Effluents

Gaseous effluent releases from the Unit Vent and Radwaste Building
Vent are monitored continuously. The Unit Vent is the release point
for the Fuel/Auxiliary Building, access control area, containment
purge, and condenser air discharge. The Radwaste Building Vent 1is
the release point for Waste Gas Decay Tanks and the Radwaste Building
Ventilation System.

Waste Gas Decay Tank releases and Containment Building releases are
treated as batch releases. Waste Gas Decay Tank releases are
monitored by the Radwaste Building Exhaust Monitor. Containment
Building releases (purges) are monitored Dby the Containment Purge
System monitors and the Plant Unit Vent Monitor.

Monitor identifications are as follows:

Monitor ID Release Point Description

O-GT-RE-21 A and B Unit Vent (Fuel/Auxiliary Building, access
control area, containment purge, condenser air
discharge)

O-GH-RE-10 A and B Radwaste Building Vent (Radwaste Building,
waste gas decay tank discharge. Acts to
isolate Waste Gas Decay Tank discharge)

O-GT-RE-22 and 33 Containment Purge System Monitor (acts to
isolate the purge; is not an effluent monitor)

O-GT-RE-31 and 32 Containment Atmosphere Monitor (acts to isolate
purge; not an effluent monitor)

The setpoint for monitors may be determined either based on total
body dose or skin dose rate. The dose rate limits are for dose rates
at the SITE BOUNDARY. The monitor setpoint 1is the lesser of the
total body dose rate or skin dose rate. 3/18
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3.1 Dose Rate - Compliance with Technical Specification 5.5.4.9g

The dose rate due to radiocactive materials released 1in 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 mrems/yr to the whole
body and less than or equal to 3000 mrems/yr to the skin, and

b. For Iodine-131 and 133, for tritium, and for all radionuclides in
particulate form with half-lives greater than 8 days: Less than
or equal to 1500 mrems/yr to any organ.

3.1.1 Remedial Action

With the dose rate(s) exceeding the above limits, immediately restore
the release to within the above limit(s).

3.1.2 Surveillance Requirements

The dose rate to radionuclides in gaseous effluents shall Dbe
determined to be within the above 1limits in accordance with the
methodology described below by obtaining representative samples and
performing analyses in accordance with the sampling and analysis
program specified in Table 3-1.

Based on the methodology of NUREG-0133:

Release rate limit for noble gases:

(X_/Q)Z K. Q, <500 mrem/yr for the total body
Eq. 21

(X_/Q)Z:(L1 +1.1 Mi)Qi <3000 mrem/yr for theskin

1
Eq. 22
Where:

Kij = the total body dose factor due to gamma emissions for each
identified noble gas radionuclide, in mrem/yr per uCi/m’> (Table A.1l-
2)

tY/Qﬁ = 2.2E-06 sec/m> at 1200 meters 3/18

Qi = the release rate of radionuclide 1 in gaseous effluent from all

vent releases, in uCi/sec 3/18
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L; = the skin dose factor due to beta emissions for each identified
noble gas radionuclide, in mrem/yr per },LCi/m3 (Table A.1-2)
M; = the air dose factor due to gamma emissions for each identified
noble gas radionuclide, in mrad/yr per uCi/m’ (Table A.1-2)

1.1 = unit conversion constant of 1.1 mrem/mrad converts air dose to
skin dose 3/18

Release rate limit for all radionuclides and radioactive materials in
particulate form and radionuclides other than noble gases:

(X_/Q)Z R;J.Qi <1500 mrem/yr toany organ (j)

Eq. 23

Where:

(}/6) = 2.2E-06 sec/m’ at 1200 meters 3/18
Rﬂnj = the dose parameter for radionuclides other than noble gases
for the inhalation pathway (I) summed  separately over the
radionuclides (i) for each organ (j) and age group (a), in mrem/yr
per uCi/m’> (Table A.5-4); see step 3.2.2.2 (R'.;; for Inhalation

Pathway Factor) for the calculation of Rij for the child age group
Qi = the release rate of radionuclide 1 in gaseous effluent from all

vent releases, in uCi/sec

All radioiodines are assumed to be released in elemental form. The
limit 1is applicable to the location (unrestricted area boundary or
beyond), characterized by the wvalue of X/Q which results 1in the
maximum total body or skin dose commitment. The factors Kj, Lj, and

M; relate the radionuclide airborne concentrations to various dose
rates assuming a semi-infinite cloud. These factors are taken from
Table B-1 of the Regulatory Guide 1.109 and multiplied by 100 to
convert pCi_1 to uCi_l and listed in Table A.1-2.
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TABLE 3-1

RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM

Principal
Gaseous Sample Gamma H-3 I-131/ Gross
Release Type Frequency Emitters (Oxide) I-133 Alpha Sr-89,Sr-90
1.Unit Vent:
Gas M M(3) (2) M(4)
LLD (1) 1E-4 1E-6
Particulate | Continuous (5) W(oe) (2) M Q Composite
LLD (1) 1E-11 1E-11 1E-11
Charcoal | Continuous (5) W(6)
LLD (1) 1E-12/
1E-10
2 .Radwaste Building Vent:
Gas M M(2) M
LLD (1) 1E-4 1E-6
Particulate | Continuous (5) W(oe) (2) M Q Composite
LLD (1) 1E-11 1E-11 1E-11
Charcoal | Continuous (5) W(6)
LLD (1) 1E-12/
1E-10
3.Containment Purge or Vent:
Gas P(3) P(3) (2) M
LLD (1) 1E-4 1E-6
4. Waste Gas Decay Tanks:
Gas P P(2)
LLD (1) 1E-4
LLD = (pCi/ml)
NOTATION FREQUENCY
S At least once per 12 hours
D At least once per 24 hours
W At least once per 7 days
M At least once per 31 days
Q At least once per 92 days
SA At least once per 184 days
R At least once per 18 months
S/U Prior to each reactor startup
N.A. Not Applicable
P Completed prior to each release
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TABLE 3-1 (Continued)
TABLE NOTATIONS

(1) The LILD is defined, as the smallest concentration of radioactive
material in a sample that will yield a net count, above system
background, that will be detected with 95% probability with only 5%
probability of falsely concluding that a blank observation represents
a “real” signal.

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

LLD - 4.66 s,
Ex Vx(2.22E +6) x Y x Decay
Eq. 24
Where:
LID = the “a priori” lower limit of detection (microCuries per unit

mass or volume)

Sp = the standard deviation of the background counting rate or of the
counting rate of a blank sample as appropriate, in counts per minute
s, =VB/LT
Eq. 25

Where:
B = background sum (counts)

LT = live time (minutes)

the counting efficiency (counts per disintegration)

E

V = the sample size (units of mass or volume)

2.22x10° = the number of disintegrations per minute per microCurie
Y

= the fractional radiochemical yield, when applicable

Decay = decay factor(s); there are three decay factors that may be
appropriate for use depending on the nature of the sample and the
half-life of the nuclide; any combination of the three may be used;
the factors are as follows:
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TABLE 3-1 (Continued)
TABLE NOTATIONS

a) This decay factor corrects for decay from the time of sampling to
the start of the analysis:

e-ﬂvAtS
Eq. 26
Where:
Aty = decay time = acquisition start time - sample time

A = 1In2/half-1life

b) This decay factor corrects for decay during the analysis:

1 - e -ART

AxRT
Eq. 27

Where:
A = 1n2/half-life
RT = real time of counting

c) This decay factor corrects for decay during sampling:

1-e Mt
AAt,
Eq. 28

Where:

A = 1n2/half-life

Aty = deposition time = (sample time - deposition start time), or for

effluents only (sample time - midpoint of sample period)

NOTE

All times used in decay calculations should be in the same units.

Typical values of E, V, Y, tg, tg should be used in the calculation.

It should be recognized that the LLD 1is defined as an a priori
(before the fact) limit representing the capability of a measurement
system and not as an a posteriori (after the fact) limit for a
particular measurement.
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TABLE 3-1 (Continued)
TABLE NOTATIONS
For wvery low background counting, the LLD can be optionally
calculated as follows:

2.71+4.665,
ExVx222x10°x Y x Decay

Eqg. 29

LLD=

(2) The principal gamma emitters for which the LLD specification
applies include the following radionuclides: Kr-87, Kr-88, Xe-133,
Xe-133m, Xe-135, and Xe-138 in noble gas releases and Mn-54, Fe-59,
Co-58, Co-60, Zn-65, Mo-99, I-131, Cs-134, Cs-137, Ce-141 and Ce-144
in iodine and particulate releases. This list does not mean that
only these nuclides are to be considered. Other gamma peaks that are
identifiable, together with those of the above nuclides, shall also
be analyzed and reported in the Annual Radiocactive Effluent Release
Report. 3/18

(3) Sampling and analysis shall also Dbe performed following
shutdown, startup, or a THERMAL POWER change greater than or equal to
15% of RATED THERMAL POWER within 1 hour period.

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

(5) The ratio of the sample flow rate to the sampled stream flow
rate shall be known for the time period covered by each dose or dose
rate calculation made in accordance with Sections 3.1, 3.2 and 3.3.

(6) Samples shall be changed at least once per 7 days and analyses
shall be completed within 48 hours after changing, or after removal
from sampler. For unit wvent, sampling shall also be performed at
least once per 24 hours for at least 7 days following each shutdown,
startup or THERMAL POWER change exceeding 15% of RATED THERMAL POWER
within a 1-hour period, and analyses shall be completed within 48
hours of changing. When samples collected for 24 hours are analyzed,
the corresponding LLDs may be increased by a factor of 10. This
requirement to sample once per 24 hours does not apply if analysis
shows that both the DOSE EQUIVALENT 1I-131 concentration 1in the
reactor coolant and the unit vent noble gas monitor activity have not
increased more than a factor of 3.
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3.2 Dose - Compliance With 10 CFR 50 Appendix I

3.2.1 Noble Gases

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

a. During any calendar quarter: Less than or equal to 5 mrads for
gamma radiation and 1less than or equal to 10 mrads for beta
radiation, and

b. During any calendar year: Less than or equal to 10 mrads for
gamma radiation and 1less than or equal to 20 mrads for beta
radiation.

3.2.1.1 Remedial Action

With the calculated air dose from radiocactive noble gases in gaseous
effluents exceeding any of the above limits, prepare and submit to
the Commission within 30 days, a special report that identifies the
cause (s) for exceeding the 1limit(s) and defines the corrective
actions that have been taken to reduce the releases and the proposed
corrective actions to be taken to assure that subsequent releases
will be in compliance with the above limits.

3.2.1.2 Surveillance Requirements

Cumulative dose contributions for the current calendar quarter and
calendar year for noble gases shall be determined in accordance with
the following methodology at least once per 31 days. The dose
calculations for the actual releases of radicactive noble gases in
gaseous effluent will be consistent with the methodology provided in
Regulatory Guide 1.109, Rev. 1. The following dose calculations will
be performed:

During any calendar quarter, for gamma radiation:

D=3.17E-8 3 M, [[X70)x Q| < 5mrad

Eq. 30
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During any calendar quarter, for beta radiation:
D=3.17E-8 3N, [X70)x Q, |< 10 mrad

i=1
Eqg. 31

During any calendar year, for gamma radiation:
D=3.17E-83'M, |[(x70)x Q, |< 10 mrad
i=1
Eq. 32

During any calendar year, for beta radiation:

D=3.17E-8 YN, [X70)x Q| 20 mrad

Eqg. 33
Where:
3.17E-8 = the inverse of the number of seconds in a year
M; = the air dose factor due to gamma emissions for each identified
noble gas radionuclide, in mrad/yr per uCi/m’; Table A.1-2

(Regulatory Guide 1.109, Table B-1, Column 4)
Nj = the air dose factor due to beta emissions for each identified
noble gas radionuclide, in mrad/yr per uCi/m’; Table A.1-2
(Regulatory Guide 1.109, Table B-1, Column 2)

(X/(ﬁ = 2.2E-06 sec/m’> at 1200 meters 3/18

Qi = the release of noble gas radionuclides 1 in gaseous effluents,

in pCi; releases shall be cumulative over the calendar quarter or
year as appropriate

3.2.2 Radioiodines, Particulates and Other Radionuclides

The dose to a MEMBER OF THE PUBLIC from Iodine-131 and 133, tritium,
and all radionuclides in particulate form with half-lives greater
than 8 days in gaseous effluents released, from each unit, to areas
at and beyond the SITE BOUNDARY shall be limited to the following:

a. During any calendar quarter: Less than or equal to 7.5 mrems to
any organ; and

b. During any calendar year: Less than or equal to 15 mrems to any
organ.
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3.2.2.1 Remedial Action

With the calculated dose from the release of Iodine-131 and 133,
tritium, and radionuclides in particulate form with half-lives
greater than 8 days, in gaseous effluents exceeding any of the above
limits, prepare and submit to the Commission within 30 days, a
special report that identifies the cause(s) for exceeding the limits
and defines the corrective actions that have been taken to reduce the
releases and the proposed corrective actions to be taken to assure
that subsequent releases will be in compliance with the above limits.

3.2.2.2 Surveillance Requirements

Cumulative dose contributions for the current calendar quarter and
current calendar vyear for Iodine-131 and 133, tritium, and
radionuclides in particulate form with half-lives greater than 8 days
shall be determined in accordance with the following methodology at
least once per 31 days. To show compliance, the dose calculations
for the actual releases of the subject materials are consistent with
the methodology provided in Regulatory Guide 1.109, Revision 1. The
following dose calculations will be performed:

For the calendar quarter: D(nmmn)=3l7E-8§:R@RVWQJL£TSnKan
Eq. 34

For the calendar year: D(Inrem)=3.17E-82Raij[(WQi)]S15mrem

Eq. 35
Where:
3.17E-8 = the inverse of the number of seconds in a year
Qi = the release of radioiodines, radioactive materials in
particulate form and radionuclides other than noble gases in gaseous
effluents i, in puCi. Releases shall be cumulative over the calendar
quarter or year as appropriate. The Qi value shall be determined as

the product of the flow rate through the release point and grab
samples of the effluent analyzed in accordance with Table 3-1.

W = the annual average dispersion parameter for estimating the dose
to an individual at the controlling location

W = (X/Q), 2.2E-6 sec/m’ for the inhalation pathway
W= (D/Q), 1.8E-8 m? for the food and ground plane pathways
Rai; = the dose factor for each identified radionuclide i, in mrem/yr

per uCi/m% for each age group a and target organ 7Jj; Tables A.5-2
through A.5-20
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Inhalation Pathway Factor, RFﬁj[X/Q]

R' [X/Q]=K'(BR),(DFA, )aj (rnrem/yrper (Ci/m’ )
Eq. 36
Where:

K’ = a constant of unit conversion, 1O6pCi/uCi

(BR), = the breathing rate of the receptor age group a, in m’/yr
(Regulatory Guide 1.109, Table E-5)

Infant = 1400 m’/yr
Child = 3700 m®/yr
Teen = 8000 m’/yr
Adult = 8000 m’/yr
(DFA;) .3 = the maximum organ inhalation dose factor for age group a,

organ j and radionuclide i, in mrem/pCi; the body is considered an
organ 1in the selection of (DFA4)4; see Tables A.2-1 through A.2-4

(Regulatory Guide 1.109, Tables E-7 through E-10)
Ground Plane Pathway Factor, R® [D/Q]

G = K'K" i m2mrem/yr
R [DIQ]= KK (SF)DFG [(1-e7 )/ 1] (=222
Eq. 37
Where:
K’ = a constant of unit conversion, 100 pCi/ucCi
K” = a constant of unit conversion, 8760 hr/year

Ai = the decay constant for radionuclide 1i, sec™?

t = the exposure time, 9.47E8 sec (30 years)

DFG; = the ground plane dose conversion factor for radionuclide i, in
mrem/hr per pCi/m?; note that all age groups and organs are assumed
to receive the same dose for the total body; see Table A.2-5
(Reqgulatory Guide 1.109, Table E-06)

SF = the shielding factor 0.7, dimensionless (Regulatory Guide 1.109,
Table E-15)
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Grass-Cow-Milk Pathway Factor, RFﬁJ[D/Q]

uci/sec

RaCij [D/Q] K [%U/;p)jl:m (r) (DFLi )aj (f Y, Xe"li’f’ ) (_mz'mrem/ yr)

Eg. 38
Where:

K’ = a constant of unit conversion, 10° pCi/ucCi

Qr = the cow’s consumption rate, 50 kg/day (wet weight) (Regulatory
Guide 1.109, Table E-3)

Uy = the receptor’s milk consumption rate for age group a, in
liters/yr (Regulatory Guide 1.109, Table E-5)

Infant = 330 1/yr

Child = 330 1/yr

Teen = 400 1/yr

Adult = 310 1/yr
Y, = the agricultural productivity by unit area of pasture feed

grass, 0.7 kg/m? (Regulatory Guide 1.109, Table E-15)

Fn = the stable element transfer coefficient, in days/liter; see
Table A.3-5 (Regulatory Guide 1.109, Table E-1)

r = the fraction of deposited activity retained on the cow’s feed
grass; a value of 1.0 is wused for radiociodines and 0.2 for
particulates (Regulatory Guide 1.109, Table E-15)

(DFL;) .5 = the ingestion dose factor for age group a, radionuclide i
and organ Jj, 1in units of mrem/pCi ingested; see Tables A.3-1 through
A.3-4 (Regulatory Guide 1.109, Tables E-11 through E-14)

A; = the decay constant for radionuclide i, in sec™?

Aw = the decay constant for removal of activity on leaf and plant
surfaces by the process of weathering, 5.73E-7 sec ' (corresponding
to a 14 day half-life)

f, = the product of the fraction of the year that the cow 1is on
pasture and the fraction of cow feed that is pasture grass; the value
is assumed to be 1.0, which is the most restrictive case

tg = the transport time for consumption of fresh pasture grass; the

time from pasture, to cow, to milk, to receptor, in units of seconds;
1.73E5 sec (2 days) (Regulatory Guide 1.109, Table E-15) 3/18
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Grass-Goat-Milk Pathway Factor, RFﬁJ[D/Q]

R4 [DIQ]- K[%UA)JF () (L), (f, 17, Je ™ ) (Zmremsar)

1 w

Eqg. 39
Where:

QF = the goat’s consumption rate, 6 kg/day (wet weight) (Regulatory
Guide 1.109, Table E-3)
tg = the transport time for consumption of fresh pasture grass; the

time from pasture, to goat, to milk, to receptor, in units of
seconds; 1.73E5 sec (2 days) (Regulatory Guide 1.109, Table E-15)
3/18

f, = the product of the fraction of the year that the goat is on
pasture and the fraction of goat feed that 1s pasture grass; the
value 1is assumed to be 1.0, which is the most restrictive case

All other terms are defined under the Grass-Cow-Milk-Pathway Factor.

The concentration of tritium in cow or goat milk is based on the
airborne concentration rather than the deposition. Therefore, the
R%i; is based on (X/Q),

R4[X/Q]=K'K"'F,Q,U,,(DFL,),[0.75(0.5/H)] (mrem/yr per ,uCi/m3)
Eq. 40
Where:

3
K”’ = a constant of unit conversion, 10 gm/kg

H = absolute humidity of the atmosphere, 8 gm/m3 (Regulatory Guide
1.109)

0.75 = the fraction of total feed that is water (NUREG 0133)

0.5 = the ratio of the specific activity of the feed grass water to
the atmospheric water (NUREG 0133)

All other terms are previously defined.




Revision: 9 AP 07B-003

OFFSITE DOSE CALCULATION MANUAL
Information Use Page 49 of 160

ATTACHMENT A
(Page 41 of 152)

OFFSITE DOSE CALCULATION MANUAL
Grass-Cow-Meat Pathway Factor, Ryﬁj[D/Q]

RﬁEWNZK{é?g%g}gﬁﬂDFglAgm}ﬁﬁv)(Eiﬂﬁiz)

) uci/sec
Eq. 41

Where:
Fn = the stable element transfer coefficient, 1in days/kg; see Table
A.3-5 (Regulatory Guide 1.109, Table E-1)
U, = the receptor’s meat consumption rate for age group a, in kg/yr
(Regulatory Guide 1.109, Table E-5)

Infant = 0 kg/vr

Child = 41 kg/yr

Teen = 65 kg/yr

Adult = 110 kg/yr
tg = the transport time for consumption of fresh pasture grass; the

time from pasture, to cow, to receptor, in units of seconds; 1.73E6
seconds (20 days) (Regulatory Guide 1.109, Table E-15) 3/18

All other terms are previously defined.

The concentration of tritium 1in meat 1s based on 1its airborne
concentration rather than the deposition. Therefore, the Rﬂuj is
based on (X/Q): (terms defined previously)

RY[X/Q]=K'K"'F,Q,U,, (DFL,),[0.75 (0.5/H)] (mrem/yr per 4Ci/m’)
Eq. 42
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Vegetation Pathway Factor, Ryﬁj[D/Q]

Man 1s considered to consume two types of vegetation (fresh and
stored) that differs only in the time period between harvest and
consumption, therefore:

Ry ]| C for otk e s e o) ()

A+ A,
Eq. 43

Where:
K’ = a constant of unit conversion, 10° pCi/ucCi
U, = the consumption rate of fresh leafy vegetation by the receptor
for age group a, in kg/yr (Regulatory Guide 1.109, Table E-5)

Infant = 0 kg/vr

Child = 26  kg/yr

Teen = 42  kg/yr

Adult = 64 kg/yr
U%, = the consumption rate of stored vegetation by the receptor for
age group a, in kg/yr (Regulatory Guide 1.109, Table E-5)

Infant = O kg/vyr

Child = 520 kg/yr

Teen = 630 kg/yr

Adult = 520 kg/yr
fi = the fraction of the annual intake of fresh leafy vegetation

grown locally; the default wvalue is 1.0 (Regulatory Guide 1.109,
Table E-15)

f; = the fraction of the annual intake of stored vegetation grown
locally; the default wvalue is 0.76 (Regulatory Guide 1.109, Table E-
15)

t;, = the average time between harvest of leafy vegetation and its
consumption, in units of seconds; the default value is 8.6E4 seconds
(1 day) (Regulatory Guide 1.109)

th = the average time between harvest of stored vegetation and its

consumption, in units of seconds; the default value is 5.18E6 seconds
(60 days) (Regulatory Guide 1.109, Table E-15)
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Yy = the agricultural productivity by unit area of leafy vegetation,
in units of kg/m?; the default value is 2.0 kg/m® (Regulatory Guide
1.109, Table E-15) 3/18

All other factors previously defined.

The concentration of tritium in wvegetation is based on the airborne
concentration rather than the deposition. Therefore, the Rndj is
based on (X/Q):

14 rp [yl S . mrem m3
Ry;[X/Q1 = K'K"'|ULf, + USf,](DFL;)4;[0.75(0.5/H)] in T
Eq. 44
All terms defined previously. All wvalues indicated are default

values from Requlatory Guide 1.109, Rev. 1.

3.3 Projected Dose

The VENTILATION EXHAUST TREATMENT SYSTEM and the WASTE GAS HOLDUP
SYSTEM shall be FUNCTIONAL and appropriate portions of these systems
shall be used to reduce releases of radioactivity when the projected
doses in 31 days due to gaseous 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 mrad to air from beta radiation, or
c. 0.3 mrem to any organ of a MEMBER OF THE PUBLIC.

3.3.1 Remedial Action

With radioactive gaseous waste being discharged without treatment and
in excess of the above limits, prepare and submit to the Commission
within 30 days, a special report that includes the following
information:

a. Identification of any nonfunctional equipment or subsystems, and
the reason for the nonfunctionality,

b. Action (s) taken to restore the nonfunctional equipment to
FUNCTIONAL status, and

c. Summary description of action(s) taken to prevent a recurrence.
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3.3.2 Surveillance Requirements

3.3.2.1 Doses due to gaseous releases from each unit to areas at and
beyond the SITE BOUNDARY shall be projected at least once per 31 days
in accordance with the following methodology when Gaseous Radwaste
Treatment Systems are not being fully utilized.

A
D, = {ﬂ x 31

Eq. 45
Where:

D,, = projected 31 day dose

A = cumulative dose for previous three calendar months

T = number of days that the cumulative dose occurred in A above

3.3.2.2 The installed VENTILATION EXHAUST TREATMENT SYSTEM and WASTE
GAS HOLDUP SYSTEM shall be considered FUNCTIONAL by meeting Section
3.1 and 3.2 limits.

3.4 Instrumentation

The radioactive gaseous effluent monitoring instrumentation channels
shown in Table 3-2 shall be FUNCTIONAL with their Alarm/Trip
Setpoints set to ensure that the 1limits of Section 3.1 are not
exceeded. The Alarm/Trip Setpoints of these channels meeting Section
3.1 shall Dbe determined and adjusted 1in accordance with the
methodology and parameters of Section 3.4.4.

3.4.1 Remedial Action

a.With a radicactive gaseous effluent monitoring instrumentation
channel Alarm/Trip Setpoint less conservative than required by the
above specification, immediately suspend the release of
radicactive gaseous effluents monitored by the affected channel,
or declare the channel nonfunctional.

b. With less than the minimum number of radicactive gaseous effluent
monitoring instrumentation channels FUNCTIONAL take the ACTION
shown in Table 3-2. Restore the nonfunctional instrumentation to
FUNCTIONAL status within the time specified in the ACTION, or
explain in the next annual Radioactive Effluent Release Report why
this nonfunctionality was not corrected within the time specified.
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3.4.2 Surveillance Requirements

Each radioactive gaseous effluent monitoring instrumentation channel
shall be demonstrated FUNCTIONAL by performance of the CHANNEL CHECK,
SOURCE CHECK, CHANNEL CALIBRATION and CHANNEL OPERATIONAL TEST at the
frequencies shown in Table 3-3.
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TABLE 3-2
RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

INSTRUMENT

1. Unit Vent System

a. Noble Gas Activity Monitor -
Providing Alarm (GT-RE-21B)

b. TIodine Sampler
(GT-RE-21A, GT-RE-21B)

c. Particulate Sampler
(GT-RE-21A, GT-RE-21B)

d. Flow Rate
e. Sampler Flow Rate Monitor

2. Containment Purge System

a. Noble Gas Activity Monitor -
Providing Alarm and Automatic

Termination of Release
(GT-RE-22, GT-RE-33)

b. Flow Rate

3. Radwaste Building Vent System

a. Noble Gas Activity Monitor -
Providing Alarm and Automatic

Termination of Release
(GH-RE-10B)

b. Iodine Sampler
(GH-RE-10A, GH-RE-10B)

c. Particulate Sampler
(GH-RE-10A, GH-RE-10B)

d. Flow Rate

e. Sampler Flow Rate Monitor

*At all times.

MINIMUM APPLICABILITY ACTION

CHANNELS

FUNCTIONAL

* 40
* 43
* 43
* 45
* 39
* 41
* 45
* 38,40
* 43
* 43
* 45
* 39
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TABLE 3-2 (Continued)
ACTION STATEMENTS

ACTION 38 - With the number of channels FUNCTIONAL less than required by
the minimum channels FUNCTIONAL requirement, the contents of the tank(s)
may be released to the environment for up to 14 days provided that prior to
initiating the release:

a. At least two independent samples of the tank’s contents are
analyzed, and

b. At least two technically qualified members of the facility staff
independently verify the release rate calculations and discharge
valve lineup.

Otherwise, suspend release of radioactive effluents via this pathway.

ACTION 39 - With the number of channels FUNCTIONAL less than required
by the minimum channels FUNCTIONAL requirement, effluent releases via
this pathway may continue for up to 30 days provided the flow rate is
estimated at least once per 4 hours.

ACTION 40 - With the number of channels FUNCTIONAL less than required
by the minimum channels FUNCTIONAL regquirement, effluent releases via
this pathway may continue for up to 30 days provided grab samples are
taken at least once per 12 hours and these samples are analyzed for
radiocactivity within 24 hours.

ACTION 41 - With the number of channels FUNCTIONAL less than required
by the minimum channels FUNCTIONAL requirement, immediately suspend
PURGING of radioactive effluents via this pathway.

ACTION 43 - With the number of channels FUNCTIONAL less than required
by the minimum channels FUNCTIONAL regquirement, effluent releases via
the affected pathway may continue for up to 30 days provided samples
are continuously collected with auxiliary sample equipment as
required in Table 3-1. Revised 08/11 to include either ‘A’ or ‘B’
pathways as options for fulfilling this requirement, as both fulfill
the requirement of being samplers by plant design.

ACTION 45 - Flow rate for this system shall be based on fan status
and operating curves or actual measurements.
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TABLE 3-3
RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION
SURVEILLANCE REQUIREMENTS

INSTRUMENT CHANNEL SOURCE CHANNEL CHANNEL MODES FOR
CHECK CHECK CALIBRATION OPERATIONAL WHICH
TEST SURVEILLANCE

IS REQUIRED
1. Unit Vent System

a. Noble Gas Activity D M R(3) Q(2) *
Monitor-Providing Alarm
(GT-RE-21)
b. TIodine Sampler W N.A. N.A. N.A. *
c. Particulate Sampler W N.A. N.A. N.A. *
d. Flow Rate N.A. N.A. R(4) N.A. *
e. Sampler Flow Rate Monitor D N.A. R Q *
2. Containment Purge System
a. Noble Gas Activity D P R(3) Q(1) *

Monitor-Providing Alarm
and Automatic Termination
of Release

(GT-RE-22, GT-RE-33)

b. Iodine Sampler W N.A. N.A. N.A. *
c. Particulate Sampler W N.A. N.A. N.A. *
d. Flow Rate N.A. N.A. R (4) N.A. *
e. Sampler Flow Rate Monitor D N.A. R N.A. *

3. Radwaste Building Vent System

a. Noble Gas Activity D,P M, P R(3) Q(1) *
Monitor-Providing Alarm
and Automatic Termination
of Release (GH-RE-10)

b. TIodine Sampler W N.A. N.A. N.A. *
c. Particulate Sampler W N.A. N.A. N.A. *
d. Flow Rate N.A. N.A. R (4) N.A. *
e. Sampler Flow Rate Monitor D N.A. R N.A. *

*At all times.
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TABLE 3-3 (Continued)
TABLE NOTATIONS

(1) The CHANNEL OPERATIONAL TEST (COT) and TRIP ACTUATING DEVICE
TEST (TADOT) shall also demonstrate that automatic isolation of this
pathway and control room alarm annunciation, as appropriate, occur if
any of the following conditions exists: 3/18

a. Instrument indicates measured levels above the Alarm/Trip Setpoint
(isolation and alarm), or

b. Circuit failure (alarm only), or
c. Instrument indicates a downscale failure (alarm only) or
d. Instrument controls not set in operate mode (alarm only).

The quarterly requirements will be met, with the exception of the
Shutdown Purge Dampers, which are isolated during Mode 1-4 and not
available for testing. The Shutdown Purge Dampers will be tested
every 18 months in Mode 5, 6, defueled per Technical Specification
3.6.3. The basis for Technical Specification 3.6.3 states that the
36 inch containment purge valves shall be sealed closed or closed
with a blind flange installed in Mode 1, 2, 3 or 4. The safety
analysis assumes that the 36 inch shutdown purge valves are closed at
event initiation since they may be unable to close against the
buildup of pressure following a LOCA. 3/18

(2) The CHANNEL OPERATIONAL TEST shall also demonstrate that control
room alarm annunciation occurs 1if any one or combination of the
following conditions exists:

a. Instrument indicates measured levels above the alarm setpoint
b. Circuit failure
c. Instrument indicates a downscale failure

d. Instrument controls not set in operate mode
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TABLE 3-3 (Continued)
TABLE NOTATIONS

(3) The initial CHANNEL CALIBRATION for each model detector shall be
performed using one or more of the reference (gas, ligquid and/or
solid) standards certified by the National Institute of Standards and
Technology (NIST) or using standards that have been obtained from
suppliers that participate 1in measurement assurance activities with
NIST. These standards shall permit calibrating the system over its
intended range of energy, measurement range, and establish monitor
response to solid secondary calibration source(s). For subsequent
CHANNEL CALIBRATION, NIST traceable standard (gas, liquid and/or
solid) may be used; or a gas, liquid or solid source that has been
correlated to the detectors initial CHANNEL CALIBRATION by relating
it to equipment that was previously (within 30 days) calibrated by
the same geometry and type of source traceable to NIST. 3/18

With wvendor concurrence, initial CHANNEL CALIBRATIONS for the same
model and type detector are representative of all detectors of the
same model and type. 3/18

Initial detector CHANNEL CALIBRATIONS may be performed by a vendor in
place of on-site initial CHANNEL CALIBRATION, providing all of the
requirements specified in the ODCM and USAR are met. 3/18

(4) If flow rate is determined by exhaust fan status and fan
performance curves, the following surveillance operations shall be
performed at least once per 18 months:

a. The specific vent flows by direct measurement, or

b. The differential pressure across the exhaust fan and vent flow
established by the fan’s “flow- P” curve, or

c. The fan motor horsepower measured and vent flow established by the
fan’s “flow-horsepower” curve.
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3.4.3 Airborne Radiation Monitor Calibration Methodology

The following monitors are associated with gaseous releases:

Monitor ID Monitor Description Monitor Type
O-GT-RE-21A Plant Unit Vent Particulate,
Iodine
O-GH-RE-10A Radwaste Building Effluent Particulate,
Iodine
O-GT-RE-21B Plant Unit Vent Wide Range Gas
O-GH-RE-10B Radwaste Building Effluent Wide Range Gas
O-GT-RE-22 & 33 Containment Purge Exhaust Particulate,
Todine, Gas
O-GT-RE-31 & 32 Containment Atmosphere Particulate,

Todine, Gas

3.4.3.1 Particulate Detector

Beta particulate is monitored by a 50 mm diameter by 0.25 mm thick
plastic scintillator optically coupled to a 50 mm diameter
photomultiplier tube. This detector shall be calibrated over its
range of energy and rate capabilities.

For energy range calibration, multiple sources shall be wused
(typically four). Each source consists of a filter paper disk
impregnated with a beta emitting radionuclide. Typical radionuclides
used include Tc-99, Cs-137, Cl-36, and Rh-106. Each source shall be
positioned in the filter paper retaining ring and counted separately.
The count rates for each radionuclide source shall be recorded and

the data plotted on a graph of cpm/uCi versus average beta energy.
This curve represents the detectors response characteristics over the
range of Dbeta energies observed. The efficiency for setpoint
calculations shall be based on the efficiency of the detector for Cs-
137. 3/18

The detector shall be calibrated for its rate capabilities using a
filter paper impregnated with standard activities of Cs-137.
Increasing amounts of a standard Cs-137 solution shall be impregnated

on a filter paper. The counts per minute for each Cs-137 standard
shall be recorded. A determination of linearity shall be produced
using the counts per minute vs. concentration data. At least three

sources covering approximately *, *», and % of full scale shall be
checked.

With wvendor concurrence, 1initial CHANNEL CALIBRATIONS for the same
model and type detector are representative of all detectors of the
same model and type. 3/18
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Initial detector CHANNEL CALIBRATIONS may be performed by a vendor in
place of on-site initial CHANNEL CALIBRATION, providing all of the
requirements specified in the ODCM and USAR are met. 3/18

3.4.3.2 Iodine Detector

Iodine gas 1s monitored by absorbing the gas on a charcoal filter
element. The charcoal filter is viewed by an NaI(Tl) integral line
gamma scintillator assembly.

Because of its short half-life and the difficulty in handling gaseous
iodine, Dbarium sources shall be used for calibration. The photo
peaks of interest are as follows:

Ba-133: 356 KeV gamma is 0.69 efficient/disintegration
I-131: 364 KeV gamma is 0.82 efficient/disintegration

Therefore, each iodine disintegration will produce 0.82/0.69 x barium
disintegrations. Assuming that the detector efficiency for 356 KeV
is the same as for the 364 KeV, the sensitivity for I-131 equals 1.19
x Ba-133 (counts/min) puCi. The standard sources shall be constructed
by impregnating a standard Ba-133 standard into the charcoal filter
element. The geometry shall simulate the iodine retention on the
first surface of the charcoal. Sources shall be prepared to cover
approximately *, * and 2% of full scale. The barium counts per minute
for each standard shall be adjusted to iodine counts per minute as
described above. A determination of 1linearity shall be produced
using the corrected counts per minute vs. concentration data. 3/18

With wvendor concurrence, initial CHANNEL CALIBRATIONS for the same
model and type detector are representative of all detectors of the
same model and type. 3/18

Initial detector CHANNEL CALIBRATIONS may be performed by a vendor in
place of on-site initial CHANNEL CALIBRATION, providing all of the
requirements specified in the ODCM and USAR are met. 3/18

3.4.3.3 Gas Detector

The gas detectors associated with monitors O-GT-RE-22 & 33, O-GT-RE-
31 & 32 and the low-range detectors of monitors O-GT-RE-21B and O-GH-
RE-10B are a plastic scintillator identical to the particulate
detector. The mid-range and high-range detectors of monitors O-GT-
RE-21B and O-GH-RE-10B are cadmium telluride, solid state sensors.
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Sources for all gas detectors shall be produced by evacuating the
sample chamber with a vacuum pump. The sample chamber then shall be
backfilled to the desired pressure with a source of standard Xe-133.
The source 1is then counted and the counts per minute recorded. A
determination of linearity shall be produced using the counts per
minute vs. concentration data. Sources shall be prepared to cover
approximately *, * and 2 of full scale for the detectors associated
with monitors O-GT-RE-22 and 33, O-GT-RE-31 and 32 and the low-range
detectors of monitors O-GT-RE-21B and O-GH-RE-10B. At least one
source shall be prepared for the mid/high range detector(s) to cover
at least one point on the mid/high-range scale. For ALARA purposes,
additional higher decades for the mid/high-range scale may be
extrapolated using the data from the mid-range calibration and/or
determined by the corresponding response to a solid source with
emissive characteristics similar to that of Xe-133. 3/18

With wvendor concurrence, initial CHANNEL CALIBRATIONS for the same
model and type detector are representative of all detectors of the
same model and type. 3/18

Initial detector CHANNEL CALIBRATIONS may be performed by a vendor in
place of on-site initial CHANNEL CALIBRATION, providing all of the
requirements specified in the ODCM and USAR are met. 3/18
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3.4.4 Airborne Monitor Setpoints

High Alarm Trip Setpoint Calculations

The alarm trip setpoint is set to the lesser of the Total Body Dose
Rate Setpoint or Skin Dose Rate Setpoint calculations, if the
calculated setpoint does not exceed default maximum values.

Total Body Dose Rate Setpoint Calculations

The limit of the total body dose rate is 500 mrem/yr at the SITE
BOUNDARY. The monitor alarm/trip setpoint based on total body dose
will be calculated as follows: 3/18
S, < (SF XAF) x D, xR,
Eq. 46
Where:

Stp = the monitors alarm/trip setpoint based on the total body dose
rate, in units of uCi/cc

D¢p = limit of 500 mrem/yr total body, conservatively interpreted as
a continuous release over a one year period

SF = normally, the safety factor will be set to 0.85; this number 1is
chosen since the gaseous monitors are set using Xe-133 energy level;
Xe-133 comprises 85% of total noble gaseous activity expected (see
USAR Table 11.1-1); if desired, the 0.85 can be further modified to
compensate for statistical fluctuations and errors of measurement

AF = allocation factor for each release so that simultaneous releases
can be made without exceeding the limit; the AF may be calculated as
follows:

RF

Eq. 47
Where:

RF = release flow rate of the release point under consideration

TF = total flow rate of all release points including release under
consideration
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IF the monitor setpoint (St,) units desired are puCi/sec, THEN use ‘c’
in place of 'Q' as shown in the following equation for R: (Rg,
however, 1s no longer representing monitor response per mrem/yr);
this results in:

Ry = monitor response per mrem/yr to the total body, determined
according to:

R, =
((X / Q)Z K; Qi]
i
Eq. 49
Where:
¢ = the monitor response to the gaseous effluent noble gas, in

uCi/cc, corresponding to grab sample radionuclide concentrations

(X/Q) = 2.2E-06 sec/m’ at 1200 meters 3/18

Kij = the total body dose factor due to gamma emissions from isotope
i, in mrem/yr per pCi/m’ (Table A.1-2)

Qi = rate of release of noble gas radionuclide i, in pCi/sec; it is

calculated by multiplying the concentration of radionuclide i by the
waste stream release flow rate

Skin Dose Rate Setpoint Calculations

The limit of the skin dose rate is 3000 mrem/yr at the SITE BOUNDARY.
The monitor alarm/trip setpoint is calculated as follows: 3/18

&S(%&Aﬂx&x&

Eq. 50
Where:
Sg = the monitors alarm/trip setpoint based on the skin dose rate in
uCi/cc

Dg = the dose rate limit of 3000 mrem/yr to the skin of the body,

conservatively interpreted as a continuous release over a one year
period
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IF the monitor setpoint (Ss) units desired are uCi/sec, THEN use ‘c’
in place of 'Q’ as shown 1in the following equation for Rs (Rg,
however, 1s no longer representing monitor response per mrem/yr),
this results in:

R, = ¢

g ((X_/Q)Z(Li +1.1Mi)cij

Eq. 51

Rg = monitor response per mrem/yr to the skin of the body; determined
according to:

C

R =
S ((X/ )Z(LiJrl.lMi)Qij
éq52
Where:
L; = the skin dose factor due to beta emissions from isotope i, in
mrem/yr per pCi/m? (Table A.1-2)
1.1 = the unit conversion constant of 1.1 mrem/mrad converts air dose
to skin dose 3/18
M; = the air dose factor due to gamma emissions from isotope 1, in

3
mrad/yr per uCi/m (Table A.1-2)

The factors SF, AF, c, (X/Q) and Q4 are as defined under the Total
Body Dose Rate Setpoint Calculations.

The actual monitor setpoint is the lower of the two values calculated
(Total Body vs. Skin). 3/18

A pre-release isotopic analysis 1s performed for batch releases from
Waste Gas Decay Tanks and Containment Building purges to determine
the identity and quantity of the principal radionuclides. The
appropriate alarm/trip setpoint(s) are adjusted accordingly to ensure
that the limits of 3.1 are not exceeded.
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Alert Alarm Setpoint Calculations

The Noble Gas Alert Alarm for the Plant Unit Vent (0O-GT-RE-21) and
Radwaste Building Exhaust Monitor (O-GH-RE-10), 1s set to alert
operators to that average concentration which if maintained for a
full year would result in the 10 CFR 50, Appendix I Annual Dose
Guidelines being reached. Section 3.2.1 limits the annual dose due
to noble gases to < 10 mrads for gamma radiation and < 20 mrads for
beta radiation. Section 3.2.2 limits the annual dose to a MEMBER OF
THE PUBLIC from Iodine-131, Iodine-133, tritium and all radionuclides
in particulate form with half-lives greater than 8 days in gaseous
effluents to < 15 mrem to any organ. These two sections contain the
annual dose 1limits due to gaseous releases found in 10 CFR 50,
Appendix I.

Noble Gas Alert Alarm Setpoint Calculation

The alert alarm setpoint is the lesser of:
Sy < (SF x AF) x D, x Ry
Eq. 53

Sg < (SF x AF) x D X Rg
Eq. 54
Where:

The factors SF and AF are as previously defined. 3/18
Sy, = monitor setpoint based on gamma radiation

D, = limit of 10 mrad/yr, conservatively interpreted as a continuous
release over a one year period

R, = monitor response per mrad/yr; determined according to the
following equation: (see Total Body or Skin Dose Rate Setpoint

Calculations for calculation of the setpoint in uCi/sec; Equation 438
or 51)

(EE)

Eq. 55

R, =

Where:

The factors ¢, (X/Q) and Q; are as previously defined. 3/18

M; = the air dose factor due to gamma emissions for each

3
identified noble gas radionuclide, in mrad/yr per uCi/m (Table
A.1-2) 3/18
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Sg = monitor setpoint based on beta radiation

Dg = limit of 20 mrad/yr, conservatively interpreted as a continuous
release over a one year period

Rg = monitor response per mrad/yr; determined according to the
following equation: (see Total Body or Skin Dose Rate Setpoint

Calculations for calculation of the setpoint in upCi/sec; Equation 48
or b51)

(el

Eq. 56

Rﬁz

Where:

The factors ¢, (X/Q) and Q; are as previously defined. 3/18

N; = the air dose factor due to beta emissions for each

3
identified noble gas radionuclide, i, in mrad/yr per uCi/m
(Table A.1-2) 3/18

A semi-fixed alert alarm setpoint for the Plant Unit Vent Monitor (O-
GT-RE-21) and Radwaste Building Vent Monitor (O-GH-RE-10) is
calculated using the following equation:

(10 mrad / yr)(.85)(AF)

(mZRXMiXQ}

Eq. 57

Setpoint (uCi/cc) =

Where:

AF = either Unit Vent flow or Radwaste Building Vent flow divided by
the combined flow of the Unit Vent and Radwaste Building Vent

P; = fractional value of isotope expected, C;/Cr

Ci

concentration in uCi/cc of isotope

Cp total gaseous activity from USAR Table 11.1-1

Q = vent flow rate in cc/sec

The factors (X/Q) and M; are as previously defined. 3/18
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Isotopes used and Pj values are as follows:

ISOTOPE P;

Kr-85M .018

Kr-87 .010
Kr-88 .033
Xe-133M .017
Xe-133 .851
Xe-135 .051

Should this semi-fixed alert alarm cause a continuous alarm
condition, then actual setpoints will be calculated.

Particulate And Iodine Alarm Setpoints

Setpoints for the gaseous effluent particulate and iodine channels
are set using Cs-137 MPC for particulates and I-131 MPC for iodines.
The following is the calculation used:

(MPC, )(AF)(SF)

Setpoint (uCi/cc) = —
(QX7Q)
Eq. 58
Where:
MPC; = 5 x 107'° pCi/cc for Cs-137
=1 x 107'° pCi/cc for I-131
AF = as defined previously
SF = 0.0625 for I-131'
= 0.9375 for Cs-137!
Q = vent flow in m’/sec
This will provide the hi alarm setpoint. The alert alarm setpoint is

10% of the hi alarm setpoint.

1 Derived from ratio of isotope activity (either I-131 or Cs-137) to
sum of activity of Cs-137 and I-131 found in USAR Table 11.1-1 for
reactor coolant.
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4.0 Total Dose

The annual (Calendar year) dose or dose commitment to any MEMBER OF
THE PUBLIC due to releases of radioactivity and to radiation from
uranium fuel cycle sources shall be limited to less than or equal to
25 mrems to the whole body or any organ, except the thyroid, which
shall be limited to less than or equal to 75 mrems.

4.1 Remedial Action

With the calculated doses from the release of radiocactive materials
in liquid or gaseous effluents exceeding twice the limits of Section
2.2a, 2.2b, 3.2.1la, 3.2.1b, 3.2.2a and 3.2.2b calculation should be
made including direct radiation contributions from the units and from
outside storage tanks to determine whether the above 1limits of
Section 4.0 above have been exceeded. If such is the case, prepare
and submit to the Commission within 30 days, a special report that
defines the corrective action to be taken to reduce subsequent
releases to prevent recurrence of exceeding the above limits. This
special report, as defined in 10 CFR 20.405e and 10CFR20.2203, shall
include an analysis that estimates the radiation exposure (dose) to a
MEMBER OF THE PUBLIC from uranium fuel cycle sources, including all
effluent pathways and direct radiation, for the calendar year that
includes the release(s) covered by this report. It shall also
describe 1levels of radiation and concentrations of radiocactive
material involved, and the cause of the exposure levels or
concentrations. If the estimated dose(s) exceeds the above limits,
and 1f the release condition resulting in violation of 40 CFR Part
190 has not already been corrected, the special report shall include
a request for a variance in accordance with the provisions of 40 CFR
Part 190. Submittal of the report is considered a timely request,
and a variance 1s granted until staff action on the request is
complete.

4.2 Surveillance Requirements

4.2.1 Cumulative dose contributions from liquid and gaseous effluents
shall be determined in accordance with the methodology of Sections
2.2 and 3.2 at least once per 31 days when the release of radioactive
materials in liquid or gaseous effluents exceed twice the limits of
Section 2.2a, 2.2b, 3.2.1la, 3.2.1b, 3.2.2a and 3.2.2b. Otherwise, no
further evaluation is required.
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4.2.2 Cunmulative dose contribution from direct radiation from the
reactor unit and from Radwaste storage tanks shall be determined
utilizing the results of routine plane perimeter surveys, DLR data or
a combination of Dboth, when necessary. This requirement 1is
applicable only under conditions set forth in the remedial action
above. 3/18

5.0 Radiological Environmental Monitoring Program (Contained in AP
07B-004)

6.0 Bases

The bases contained on the succeeding pages summarizes the general
requirements of Section 2.0, 3.0, 4.0 and 5.0 of the ODCM.

Section 2.0 Liquid Effluents

Section 2.1 Concentration

This section 1is provided to ensure that the concentration of
radiocactive materials released 1in liquid waste effluents to
UNRESTRICTED AREAS will be 1less than 10 times the concentration
levels specified in 10 CFR Part 20, Appendix B, Table 2, Column 2.
This limitation provides additional assurance that the levels of
radiocactive materials in bodies of water in UNRESTRICTED AREAS will

result in exposures within: (1) the Section II. A design objective
of Appendix I, 10 CFR Part 50, to a MEMBER OF THE PUBLIC, and (2) the
limits of 10 CFR Part 20.1301 (e) to the ©population. The

concentration limit for dissolved or entrained noble gases are based
upon the assumption that Xe-135 is the controlling radioisotope and
its effluent concentration in air (submersion) was converted to an
equivalent concentration in water wusing the methods described in
International Commission on Radiological Protection (ICRP)
Publication 2. This specification does not affect the requirement to
comply with the annual limitations of 10 CFR 20.1301.

The required detection capabilities for radioactive materials in
liquid waste samples are tabulated in terms of the lower limits of
detection (LLDs) . Detailed discussion of the LLD, and other
detection limits can be found in HASL Procedures Manual, HASL-300
(revised annually), Currie, L.A., “Limits for Qualitative Detection
and Quantitative Determination - Application to Radiochemistry,”
Anal. Chem. 40, 586-93 (1968), and Hartwell, J.K., "“Detection Limits
for Radioanalytical Counting Techniques, “Atlantic Richfield Hanford
Company Report ARH-SA-215 (June 1975).
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Section 2.2 Dose

This section is provided to implement the requirements of Section
IT.A, III.A and IV.A of Appendix I, 10 CFR Part 50. The remedial
action implements the guides set forth in Section II.A of Appendix I
and provides the required operating flexibility and at the same time
implement the guides set forth in Section IV.A of Appendix I to
assure that the releases of radiocactive material in liquid effluents
to UNRESTRICTED AREAS will be kept “as 1low as 1s reasonably
achievable.” Also, for fresh water sites with drinking water
supplies that can be potentially affected by plant operations, there
is reasonable assurance that the operation of the facility will not
result in radionuclide concentrations in the finished drinking water
that are in excess of the requirements of 40 CFR Part 141. The dose
calculation methodology and parameters 1in the ODCM implement the
requirements in Section III.A of Appendix I which specify that
conformance with the guides of Appendix I be shown by calculational
procedures based on models and data, such that the actual exposure of
a MEMBER OF THE PUBLIC through appropriate pathways is unlikely to be
substantially underestimated. The equations specified in the ODCM
for <calculating the doses due to the actual release rates of
radiocactive materials 1in liquid effluents are consistent with the
methodology provided in Regulatory Guide 1.109, “Calculation of
Annual Doses to Man from Routine Releases of Reactor Effluents for
the Purpose of Evaluating Compliance with 10 CFR Part 50, Appendix I,
Revision 1, October 1977 and Regulatory Guide 1.113, “Estimating
Aquatic Dispersion of Effluents from Accidental and Routine Reactor
Releases for the Purpose of Implementing Appendix I,” April 1977.

Section 2.3 Liquid Radwaste Treatment System

The FUNCTIONALITY of the Liguid Radwaste Treatment Systems ensures
that this system will be available for use whenever liquid effluents
require treatment prior to release to the environment. The
requirement that the appropriate portions of this system be used when
specified provides assurance that the releases of radioactive
materials in liquid effluents will be kept “as low as is reasonably
achievable.” This section implements the requirements of 10 CFR Part
50.36a, General Design Criterion 60 of Appendix A to 10 CFR Part 50
and design objective given in Section II.D of Appendix I to 10 CFR
Part 50. The specified limits governing the use of appropriate
portions of the Liquid Radwaste Treatment System were specified as a
suitable fraction of the dose design objective set forth in Section
IT.A of Appendix I, 10 CFR Part 50, for liquid effluents.
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Section 2.4 Radiocactive Liquid Effluent Monitoring Instrumentation

The radiocactive 1liquid effluent instrumentation 1is provided to
monitor and control, as applicable, the releases of radioactive
materials in liquid effluents during actual or potential releases of
liquid effluents. The Alarm/Trip Setpoints for these instruments
shall be calculated and adjusted in accordance with the methodology
and parameters in the ODCM to ensure that the alarm/trip will occur
prior to exceeding the limits of 10 CFR Part 20. The FUNCTIONALITY
and use of this instrumentation is consistent with the requirements
of General Design Criteria 60, 63, and 64 of Appendix A to 10 CFR
Part 50.

Section 3.0 Gaseous Effluents

Section 3.1 Dose Rate

This section provides reasonable assurance that radicactive material
discharged in gaseous effluents will not result in the exposure of a
MEMBER OF THE PUBLIC in an UNRESTRICTED AREA either at or beyond the
SITE BOUNDARY in excess of the design objectives of Wolf Creek

Technical Specification 5.5.4.g. This specification is provided to
ensure that gaseous effluents from all units on the site will be
appropriately controlled. It provides operational flexibility for

the release of gaseous effluents to satisfy Wolf Creek Technical
Specification 5.5.4.g. For MEMBERS OF THE PUBLIC who may at times be
within the SITE BOUNDARY, the occupancy of that MEMBER OF THE PUBLIC
will usually be sufficiently low to compensate for any increase in
the atmospheric diffusion factor above that for the SITE BOUNDARY.
The specified release rate 1limits restrict, at all times, the
corresponding gamma and beta dose rates above background to a MEMBER
OF THE PUBLIC at or beyond the SITE BOUNDARY to less than or equal to
500 mrems/year to the whole body or to less than or equal to 3000
mrems/year to the skin. These release rate limits also restrict, at
all times the corresponding thyroid dose rate above background to a
child wvia the inhalation pathway to 1less than or equal to 1500
mrems/year. This specification does not affect the requirement to
comply with the annual limitations of 10 CFR 20.1301.
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The required detection capabilities for radiocactive materials in
gaseous waste samples are tabulated in terms of the lower limits of
detection (LLDs) . Detailed discussion of the LLD, and other
detection limits can be found in HASL Procedures Manual, HASL-300
(revised annually), Currie, L.A., “Limits for Qualitative Detection
and Quantitative Determination - Application to Radiochemistry,”
Anal. Chem 40, 586-93 (1968), and Hartwell, J.K., “Detection Limits
for Radioanalytical Counting Techniques,” Atlantic Richfield Hanford
Company Report ARH-SA-215 (June 1975).

Section 3.2.1 Dose - Noble Gases

This section is provided to implement the requirements of Section
IT.B, III.A and IV.A of Appendix I, 10 CFR Part 50. The remedial
action implements the guides set forth in Section II.B of Appendix I
and provides the required operating flexibility and at the same time
implement the guides set forth in Section IV.A of Appendix I to
assure that the releases of radicactive material in gaseous effluents
to UNRESTRICTED AREAS will be kept “as 1low as 1s —reasonably
achievable.” The surveillance requirements implement the
requirements in Section III.A of Appendix I that conformance with the
guides of Appendix I be shown by calculational procedures based on
models and data such that the actual exposure of a MEMBER OF THE
PUBLIC through appropriate pathways is unlikely to be substantially
underestimated. The dose calculation methodology and parameters
established in the ODCM for calculating the doses due to the actual
release rates of radioactive materials 1in gaseous effluents are
consistent with the methodology provided in Regulatory Guide 1.109,
“Calculation of Annual Doses to Man from Routine Releases of Reactor
Effluents for the Purpose of Evaluating Compliance with 10 CFR Part
50, Appendix I,” Revision 1, October 1977 and Regulatory Guide 1.111,
“Methods for Estimating Atmospheric Transport and Dispersion of
Gaseous Effluents 1in Routine Releases from Light-Water Cooled
Reactors,” Revision 1, July 1977. The ODCM equations provided for
determining the air doses at and beyond the SITE BOUNDARY are based
upon the historical average atmospheric conditions.
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Section 3.2.2 Dose - Iodine-131 and 133, Tritium and Radioactive
Material in Particulate Form

This section 1is provided to implement the requirements of Sections
IT.C, III.A and IV.A of Appendix I, 10 CFR Part 50. The remedial
actions are the guides set forth in Section II.C of Appendix I, and
provide the required operating flexibility and at the same time
implement the guides set forth in Section IV.A of Appendix I to
assure that the releases of radiocactive materials 1in Ggaseous
effluents to UNRESTRICTED AREAS will be kept “as low as is reasonably
achievable.” The ODCM calculational methods specified 1in the
surveillance requirements implement the requirements in Section III.A
of Appendix I that conformance with the guides of Appendix I be shown
by calculational procedures based on models and data, such that the
actual exposure of a MEMBER OF THE PUBLIC through appropriate
pathways 1s unlikely to be substantially underestimated. The ODCM
calculational methodology and parameters for calculating the doses
due to the actual release rates of the subject materials are
consistent with the methodology provided in Regulatory Guide 1.109,
“Calculational of Annual Doses to Man from Routine Releases of
Reactor Effluents for the Purpose of Evaluating Compliance with 10
CFR Part 50, Appendix I,” Revision 1, October 1977 and Regulatory
Guide 1.111, *“Methods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents in Routine Releases from Light-Water-

Cooled Reactors,” Revision 1, July 1977. These equations provide for
determining the actual doses based upon historical average
conditions. The release rate limits for Iodine-131 and 133, tritium,

and radionuclides in particulate form with half lives greater that 8
days are dependent upon the existing radionuclide pathways to man, in
the areas at and beyond the SITE BOUNDARY. The pathways that were
examined 1in the development of these calculations were: (1)
individual inhalation of airborne radionuclides, (2) deposition of
radionuclides onto green leafy vegetation with subsequent consumption
by man, (3) deposition onto grassy areas where milk animals and meat
producing animals graze with consumption of the milk and meat by man,
(4) deposition on the ground with subsequent exposure of man.
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Section 3.3 Gaseous Radwaste Treatment System

The FUNCTIONALITY of the WASTE GAS HOLDUP SYSTEM and the VENTILATION
EXHAUST TREATMENT SYSTEM ensures that the systems will be available
for use whenever gaseous effluents require treatment prior to release
to the environment. The requirement that the appropriate portions of
this system be used when specified provides reasonable assurance that
the releases of radiocactive materials 1in gaseous effluents will be
kept “as low as 1s reasonably achievable.” This section implements
the requirements of 10 CFR 50.36a, General Design Criterion 60 of
Appendix A to 10 CFR Part 50 and the design objectives given in
Section II.D of Appendix I to 10 CFR Part 50. The specified limits
governing the wuse of appropriate portions of the systems were
specified as a suitable fraction of the dose design objectives set
forth in Section II.B and II.C of Appendix I, 10 CFR Part 50, for
gaseous effluents.

Section 3.4 Radioactive Gaseous Effluent Monitoring Instrumentation

The radioactive gaseous effluent instrumentation 1is provided to
monitor and control, as applicable, the releases of radioactive
materials in gaseous effluents during actual or potential releases of
gaseous effluents. The Alarm/Trip Setpoints for these instruments
shall be adjusted to wvalues <calculated 1in accordance with the
methodology and parameters in the ODCM to ensure that the alarm/trip
will occur prior to exceeding the limits of Wolf Creek Technical

Specification 5.5.4.9g. The FUNCTIONALITY and use of this
instrumentation is consistent with the requirements of General Design
Criteria 60, 63 and 64 of Appendix A to 10 CFR Part 50. The

sensitivity of any noble gas activity monitor used to show compliance
with the gaseous effluent release requirements of Section 3.2 shall

be such that concentrations as low as 1 x 1076 puCi/cc are measurable.
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Section 4.0 Total Dose

This section is provided to meet the dose limitations of 40 CFR Part
190 that have been incorporated into 10 CFR Part 20 by 46 FR 18525.
The section requires the preparation and submittal of a special
report whenever the calculated doses due to releases of radioactivity
and the radiation from uranium fuel cycle sources exceed 25 mrems to
the whole body or any organ, except the thyroid, which shall be
limited to less than or equal to 75 mrems. For sites containing up
to four reactors, it is highly unlikely that the resultant dose to a
MEMBER OF THE PUBLIC will exceed the dose limits of 40 CFR Part 190
if the individual reactors remain within twice the dose design
objectives of Appendix I, and 1if direct radiation doses from the
reactor Units and from outside storage tanks are kept small. The
Special Report will describe a course of action that should result in
the limitation of the annual dose to a MEMBER OF THE PUBLIC to within
the 40 CFR Part 190 limits. For the purposes of the Special Report,
it may be assumed that the dose commitment to the MEMBER OF THE
PUBLIC from other uranium fuel cycle sources is negligible, with the
exception that dose contributions from other nuclear fuel cycle
facilities at the same site or within a radius of 8 km must be
considered. If the dose to any MEMBER OF THE PUBLIC is estimated to
exceed the requirements of 40 CFR Part 190, the Special Report with a
request for a variance (provided the release conditions resulting in
violation of 40 CFR Part 190 have not already been corrected), in
accordance with the provisions of 40 CFR 190.11 and 10 CFR 20.2203,
is considered to be a timely request and fulfills the requirements of
40 CFR Part 190 until NRC staff action is completed. The variance
only relates to the limits of 40 CFR Part 190, and does not apply in
any way to the other requirements for dose limitation of 10 CFR Part
20. An individual is not considered a MEMBER OF THE PUBLIC during
any period in which he/she is engaged in carrying out any operation
that is part of the nuclear fuel cycle.

7.0 Reports

7.1 Annual Radiological Environmental Operating Report (contained in
AP 07B-004)
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7.2 Annual Radioactive Effluent Release Report

The Annual Radicactive Effluent Release Report (ARERR) shall include
a summary of the quantities of radicactive 1liquid and gaseous
effluents and solid waste released from the Unit as outlined in
Regulatory Guide 1.21, “Measuring, Evaluating, and Reporting
Radicactivity in Solid Wastes and Releases of Radioactive 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 thereof. The ARERR is to be
submitted before May 1 of each year.

For solid wastes, the format for Table 3 in Appendix B shall be
supplemented with three additional categories: class of solid waste
(as defined by 10 CFR Part 61), type of container (e.g., LSA, Type A,
Type B, Large Quantity), and SOLIDIFICATION agent or absorbent (e.g.,
cement, urea formaldehyde).

The ARERR shall also include an annual summary of hourly

meteorological data collected over the previous year. This annual
summary may be either in the form of an hour-by-hour 1listing on
magnetic tape of wind speed, wind direction, and atmospheric

stability, and precipitation (if measured), or in the form of joint
frequency distributions of wind speed, wind direction, and
atmospheric stability.?

This same report shall include an assessment of the radiation doses
due to the radioactive liquid and gaseous effluents released from the
Unit or Station during the previous calendar year. This same report
shall also include an assessment of the radiation doses from
radicactive liquid and gaseous effluents to MEMBERS OF THE PUBLIC due
to their activities inside the SITE BOUNDARY during the report

period. All assumptions used 1in making these assessments, i.e.,
specific activity, exposure time and location, shall be included in
these reports. Historical average meteorological conditions or the

meteorological conditions concurrent with the time of release of
radiocactive materials in gaseous effluents, as determined by sampling
frequency and measurement, shall be used for determining the gaseous
pathway doses. The assessment of radiation doses shall be performed
in accordance with the methodology and parameters in the ODCM.

2 In lieu of submission with the ARERR, the licensee has the option
of retaining this summary of required meteorological data on site in
a file that shall be provided to the NRC upon request.
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The ARERR shall also include an assessment of radiation doses to the
likely most exposed MEMBER OF THE PUBLIC from reactor releases and
other nearby uranium fuel cycle sources, including doses from primary
effluent pathways and direct radiation, for the previous calendar
year to show conformance with 40 CFR Part 190, “Environmental
Radiation Protection Standards for Nuclear Power Operation.”
Acceptable methods for calculating the dose contribution from liquid
and gaseous effluents are given in Regulatory Guide 1.109, Rev. 1,
October 1977.

The ARERR shall include a 1list and description, including total
Curies, of unplanned releases from the site to UNRESTRICTED AREAS of
radiocactive materials in gaseous and liquid effluents made during the
reporting period.

The ARERR shall include any changes made during the reporting period
to the ODCM, pursuant to Technical Specification 5.5.1.

The ARERR shall include major changes to the Radwaste Treatment
Systems for the period in which the evaluation was reviewed and
accepted by the PSRC. The discussion of each change shall contain:

1. A summary of the evaluation that led to the determination that
the change could be made in accordance with 10 CFR 50.59;

2. Sufficient detailed information to totally support the reason
for the change without benefit of additional and supplemental
information;

3. A detailed description of the equipment, components, and
processes involved and the interfaces with other plant systems.

4. An evaluation of the change which shows the predicted releases
of radiocactive materials in liquid and gaseous effluents and/or
quantity of solid waste that differ from those previously
predicted in the license application and amendments thereto;

5. An evaluation of the change, which shows the expected maximum
exposures to a MEMBER OF THE PUBLIC in the UNRESTRICTED AREA and
to the general population that differ from those previously
estimated in the license application and amendments thereto;

6. A comparison of the predicted releases of radiocactive materials,
in liguid and gaseous effluents and 1in solid waste, to the
actual releases for the period prior to when the changes are to
be made;
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7. An estimate of the exposure to plant operating personnel as a
result of the change; and

8. Documentation of the fact that the change was reviewed and found
acceptable by the PSRC.

The ARERR shall include a 1listing of new locations for dose
calculations identified by the Land Use Census.

The ARERR shall include a description of the events leading to liquid
holdup tanks or gas storage tanks exceeding the limits of TR 3.10.1
OR TSR 3.10.3.1.

The ARERR shall include an explanation as to why the nonfunctionality
of a liquid or gaseous effluent monitoring instrumentation was not

corrected within the time specified.

The ARERR shall include a description of the events leading to a
missed sample required by Table 2-1 or 3-1.

The ARERR shall include NEI Groundwater Protection Initiative
requirements (Ref. 3.1.6)

1. A report of onsite groundwater sample results.
2. A description of dose calculations for releases from site.

3. A summary of onsite spills & leaks that require notification to
county, state & NRC.
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APPENDIX A
Dose Conversion Factor Tables
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TABLE A.1-1%*
BIOACCUMULATION FACTORS TO BE USED IN
THE ABSENCE OF SITE-SPECIFIED DATA
(pCi/kg per pCi/liter)

ELEMENT FRESHWATER FISH
H 9.0E-01
C 4.6E 03
Na 1.0E 02
P 1.0E 05
Cr 2.0E 02
Mn 4.0E 02
Fe 1.0E 02
Co 5.0E 01
Ni 1.0E 02
Cu 5.0E 01
Zn 2.0E 03
Br 4.2E 02
Rb 2.0E 03
Sr 3.0E 01
Y 2.5E 01
Zr 3.3E 00
Nb 3.0E 04
Mo 1.0E 01
Tc 1.5E 01
Ru 1.0E 01
Rh 1.0E 01
Te 4.0E 02
I 1.5E 01
Cs 2.0E 03
Ba 4.0E 00
La 2.5E 01
Ce 1.0E 00
Pr 2.5E 01
Nd 2.5E 01
W 1.2E 03
Np 1.0E 01

**Ag 2.3E 00
**Sh 1.0E 00

* Taken from Regulatory Guide 1.109 (Rev.l)
** Taken from Regulatory Guide 1.109 (Rev.0)
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TABLE A.1-2
DOSE FACTORS FOR NOBLE GASES AND DAUGHTERS*

Radionuclide Total Body Skin Dose Factor Gamma Air Beta Air

Dose Factor L Dose Factor Dose Factor

K; (mrem/yr per M; N;
(mrem/yr per uci/m?) (mrad/yr per (mrad/yr
HCi/m% HCi/m% per HCi/m%

Kr-83M 7.56E-02*% - 1.93E+01 2.88E+02
Kr-85M 1.17E+03 1.46E+03 1.23E+03 1.97E+03
Kr-85 1.61E+01 1.34E+03 1.72E+01 1.95E+03
Kr-87 5.92E+03 9.73E+03 6.17E+03 1.03E+04
Kr-88 1.47E+04 2.37E+03 1.52E+04 2.93E+03
Kr-89 1.66E+04 1.01E+04 1.73E+04 1.06E+04
Kr-90 1.56E+04 7.29E+03 1.63E+04 7.83E+03
Xe-131M 9.15E+01 4.76E+02 1.56E+02 1.11E+03
Xe-133 2.94E+02 3.06E+02 3.53E+02 1.05E+03
Xe-133M 2.51E+02 9.94E+02 3.27E+02 1.48E+03
Xe-135M 3.12E+03 7.11E+02 3.36E+03 7.39E+02
Xe-135 1.81E+03 1.86E+03 1.92E+03 2.46E+03
Xe-137 1.42E+03 1.22E+04 1.51E+03 1.27E+04
Xe-138 8.83E+03 4.13E+03 9.21E+03 4.75E+03
Ar-41 8.84E+03 2.69E+03 9.30E+03 3.28E+03

*Based on Regulatory Guide 1.109 (Rev.l)
**7.56E-02 = 7.56 x 10 7
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TABLE A.2-1%*
INHALATION DOSE FACTORS FOR ADULTS
(MREM PER PCI INHALED)

NUCLIDE BONE LIVER T BODY THYROID KIDNEY LUNG GI-LLI
H 3 NO DATA 1.58E-07 1.58E-07 1.58E-07 1.58E-07 1.58E-07 1.58E-07
C 14 2.27E-06 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.26E-07
NA 24 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06
P 32 1.65E-04 9.64E-06 6.26E-06 NO DATA NO DATA NO DATA 1.08E-05
CR 51 NO DATA NO DATA 1.25E-08 7.44E-09 2.85E-09 1.80E-06 4.15E-07
MN 54 NO DATA 4.95E-06 7.87E-07 NO DATA 1.23E-06 1.75E-04 9.67E-06
MN 56 NO DATA 1.55E-10 2.29E-11 NO DATA 1.63E-10 1.18E-06 2.53E-06
FE 55 3.07E-06 2.12E-06 4.93E-07 NO DATA NO DATA 9.01E-06 7.54E-07
FE 59 1.47E-06 3.47E-06 1.32E-06 NO DATA NO DATA 1.27E-04 2.35E-05
CO 58 NO DATA 1.98E-07 2.59E-07 NO DATA NO DATA 1.16E-04 1.33E-05
CO 60 NO DATA 1.44E-06 1.85E-06 NO DATA NO DATA 7.46E-04 3.56E-05
NI 63 5.40E-05 3.93E-06 1.81E-06 NO DATA NO DATA 2.23E-05 1.67E-06
NI 65 1.92E-10 2.62E-11 1.14E-11 NO DATA NO DATA 7.00E-07 1.54E-06
CU 64 NO DATA 1.83E-10 7.69E-11 NO DATA 5.78E-10 8.48E-07 6.12E-06
ZN 65 4.05E-06 1.29E-05 5.82E-06 NO DATA 8.62E-06 1.08E-04 6.68E-06
ZN 69 4.23E-12 8.14E-12 5.65E-13 NO DATA 5.27E-12 1.15E-07 2.04E-09
BR 83 NO DATA NO DATA 3.01E-08 NO DATA NO DATA NO DATA 2.90E-08
BR 84 NO DATA NO DATA 3.91E-08 NO DATA NO DATA NO DATA 2.05E-13
BR 85 NO DATA NO DATA 1.60E-09 NO DATA NO DATA NO DATA LT E-24
RB 86 NO DATA 1.69E-05 7.37E-06 NO DATA NO DATA NO DATA 2.08E-06
RB 88 NO DATA 4.84E-08 2.41E-08 NO DATA NO DATA NO DATA 4.18E-19
RB 89 NO DATA 3.20E-08 2.12E-08 NO DATA NO DATA NO DATA 1.16E-21
SR 89 3.80E-05 NO DATA 1.09E-06 NO DATA NO DATA 1.75E-04 4.37E-05
SR 90 1.24E-02 NO DATA 7.62E-04 NO DATA NO DATA 1.20E-03 9.02E-05
SR 91 7.74E-09 NO DATA 3.13E-10 NO DATA NO DATA 4.56E-06 2.39E-05
SR 92 8.43E-10 NO DATA 3.64E-11 NO DATA NO DATA 2.06E-06 5.38E-06
Y 90 2.61E-07 NO DATA 7.01E-09 NO DATA NO DATA 2.12E-05 6.32E-05
Y 91M 3.26E-11 NO DATA 1.27E-12 NO DATA NO DATA 2.40E-07 1.66E-10
Y 91 5.78E-05 NO DATA 1.55E-06 NO DATA NO DATA 2.13E-04 4.81E-05
Y 92 1.29E-09 NO DATA 3.77E-11 NO DATA NO DATA 1.96E-06 9.19E-06
Y 93 1.18E-08 NO DATA 3.26E-10 NO DATA NO DATA 6.06E-06 5.27E-05
ZR 95 1.34E-05 4.30E-06 2.91E-06 NO DATA 6.77E-06 2.21E-04 1.88E-05
ZR 97 1.21E-08 2.45E-09 1.13E-09 NO DATA 3.71E-09 9.84E-06 6.54E-05
NB 95 1.76E-06 9.77E-07 5.26E-07 NO DATA 9.67E-07 6.31E-05 1.30E-05
MO 99 NO DATA 1.51E-08 2.87E-09 NO DATA 3.64E-08 1.14E-05 3.10E-05
TC 99M 1.29E-13 3.64E-13 4.63E-12 NO DATA 5.52E-12 9.55E-08 5.20E-07

*Taken from Regulatory Guide 1.109 (Rev. 1)
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OFFSITE DOSE CALCULATION MANUAL

TABLE A.2-1* (cont’d)

INHALATION DOSE FACTORS FOR ADULTS

(MREM PER PCI INHALED)

NUCLIDE BONE LIVER T BODY THYROID KIDNEY LUNG GI-LLI

TC 101 .22E-15 7.52E-15 .38E-14 NO DATA 1.35E-13 4.99E-08 1.36E-21
RU 103 .91E-07 NO DATA .23E-08 NO DATA 7.29E-07 6.31E-05 1.38E-05
RU 105 .88E-11 NO DATA .89E-11 NO DATA 1.27E-10 1.37E-06 6.02E-06
RU 106 .64E-06 NO DATA .09E-06 NO DATA 1.67E-05 1.17E-03 1.14E-04
AG 110M .35E-06 1.25E-06 .43E-07 NO DATA 2.46E-06 5.79E-04 3.78E-05
TE 125M .27E-07 1.98E-07 .84E-08 1.31E-07 1.55E-06 3.92E-05 8.83E-06
TE 127M .58E-06 7.21E-07 .96E-07 4.11E-07 5.72E-06 1.20E-04 1.87E-05
TE 127 .75E-10 8.03E-11 .87E-11 1.32E-10 6.37E-10 8.14E-07 7.17E-06
TE 129M .22E-06 5.84E-07 .98E-07 4.30E-07 4.57E-06 1.45E-04 4.79E-05
TE 129 .22E-12 2.99E-12 .55E-12 4.87E-12 2.34E-11 2.42E-07 1.96E-08
TE 131M .74E-09 5.45E-09 .63E-09 6.88E-09 3.86E-08 1.82E-05 6.95E-05
TE 131 .39E-12 7.44FE-13 .49E-13 1.17E-12 5.46E-12 1.74E-07 2.30E-09
TE 132 .25E-08 2.69E-08 .02E-08 2.37E-08 1.82E-07 3.60E-05 6.37E-05
I 130 .72E-07 1.68E-06 .60E-07 1.42E-04 2.61E-06 NO DATA 9.61E-07
I 131 .15E-06 4.47E-06 .56E-06 1.49E-03 7.66E-06 NO DATA 7.85E-07
I 132 .45E-07 4.07E-07 .45E-07 1.43E-05 6.48E-07 NO DATA 5.08E-08
I 133 .08E-06 1.85E-06 .65E-07 2.69E-04 3.23E-06 NO DATA 1.11E-06
I 134 .05E-08 2.16E-07 .69E-08 3.73E-06 3.44E-07 NO DATA 1.26E-10
I 135 .35E-07 8.73E-07 .21E-07 5.60E-05 1.39E-06 NO DATA 6.56E-07
Cs 134 .66E-05 1.06E-04 .10E-05 NO DATA 3.59E-05 1.22E-05 1.30E-06
CS 136 .88E-06 1.83E-05 .38E-05 NO DATA 1.07E-05 1.50E-06 1.46E-06
Cs 137 .98E-05 7.76E-05 .35E-05 NO DATA 2.78E-05 9.40E-06 1.05E-06
Cs 138 .14E-08 7.76E-08 .05E-08 NO DATA 6.00E-08 6.07E-09 2.33E-13
BA 139 .17E-10 8.32E-14 L42E-12 NO DATA 7.78E-14 4.70E-07 1.12E-07
BA 140 .88E-06 6.13E-09 .21E-07 NO DATA 2.09E-09 1.59E-04 2.73E-05
BA 141 .25E-11 9.41E-15 .20E-13 NO DATA 8.75E-15 2.42E-07 1.45E-17
BA 142 .29E-12 3.38E-15 .07E-13 NO DATA 2.86E-15 1.49E-07 1.96E-26
LA 140 4.30E-08 2.17E-08 .73E-09 NO DATA NO DATA 1.70E-05 5.73E-05
LA 142 8.54E-11 3.88E-11 .65E-12 NO DATA NO DATA 7.91E-07 2.64E-07
CE 141 2.49E-06 1.69E-06 .91E-07 NO DATA 7.83E-07 4.52E-05 1.50E-05
CE 143 2.33E-08 1.72E-08 .91E-09 NO DATA 7.60E-09 9.97E-06 2.83E-05
CE 144 4.29E-04 1.79E-04 .30E-05 NO DATA 1.06E-04 9.72E-04 1.02E-04
PR 143 1.17E-06 4.69E-07 .80E-08 NO DATA 2.70E-07 3.51E-05 2.50E-05
PR 144 3.76E-12 1.56E-12 .91E-13 NO DATA 8.81E-13 1.27E-07 2.69E-18
ND 147 6.59E-07 7.62E-07 .56E-08 NO DATA 4.45E-07 2.76E-05 2.16E-05
W 187 1.06E-09 8.85E-10 .10E-10 NO DATA NO DATA 3.63E-06 1.94E-05
NP 239 2.87E-08 2.82E-09 .55E-09 NO DATA 8.75E-09 4.70E-06 1.49E-05
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OFFSITE DOSE CALCULATION MANUAL

TABLE A.2-2%

INHALATION DOSE FACTORS FOR TEENAGER

(MREM PER PCI INHALED)

NUCLIDE BONE LIVER T BODY THYROID KIDNEY LUNG GI-LLI
H 3 NO DATA 1.59E-07 1.59E-07 1.59E-07 1.59E-07 1.59E-07 1.59E-07
c 14 3.25E-06 6.09E-07 6.09E-07 6.09E-07 6.09E-07 6.09E-07 6.09E-07
NA 24 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06
P 32 2.36E-04 1.37E-05 8.95E-06 NO DATA NO DATA NO DATA 1.16E-05
CR 51 NO DATA NO DATA 1.69E-08 9.37E-09 3.84E-09 2.62E-06 3.75E-07
MN 54 NO DATA 6.39E-06 1.05E-06 NO DATA 1.59E-06 2.48E-04 8.35E-06
MN 56 NO DATA 2.12E-10 3.15E-11 NO DATA 2.24E-10 1.90E-06 7.18E-06
FE 55 4.18E-06 2.98E-06 6.93E-07 NO DATA NO DATA 1.55E-05 7.99E-07
FE 59 1.99E-06 4.62E-06 1.79E-06 NO DATA NO DATA 1.91E-04 2.23E-05
CO 58 NO DATA 2.59E-07 3.47E-07 NO DATA NO DATA 1.68E-04 1.19E-05
(6]0] 60 NO DATA 1.89E-06 2.48E-06 NO DATA NO DATA 1.09E-03 3.24E-05
NI 63 7.25E-05 5.43E-06 2.47E-06 NO DATA NO DATA 3.84E-05 1.77E-06
NI 65 2.73E-10 3.66E-11 1.59E-11 NO DATA NO DATA 1.17E-06 4.59E-06
CU 64 NO DATA 2.54E-10 1.06E-10 NO DATA 8.01E-10 1.39E-06 7.68E-06
ZN 65 4.82E-06 1.67E-05 7.80E-06 NO DATA 1.08E-05 1.55E-04 5.83E-06
ZN 69 6.04E-12 1.15E-11 8.07E-13 NO DATA 7.53E-12 1.98E-07 3.56E-08
BR 83 NO DATA NO DATA 4.30E-08 NO DATA NO DATA NO DATA LT E-24
BR 84 NO DATA NO DATA 5.41E-08 NO DATA NO DATA NO DATA LT E-24
BR 85 NO DATA NO DATA 2.29E-09 NO DATA NO DATA NO DATA LT E-24
RB 86 NO DATA 2.38E-05 1.05E-05 NO DATA NO DATA NO DATA 2.21E-06
RB 88 NO DATA 6.82E-08 3.40E-08 NO DATA NO DATA NO DATA 3.65E-15
RB 89 NO DATA 4.40E-08 2.91E-08 NO DATA NO DATA NO DATA 4.22E-17
SR 89 5.43E-05 NO DATA 1.56E-06 NO DATA NO DATA 3.02E-04 4.64E-05
SR 90 1.35E-02 NO DATA 8.35E-04 NO DATA NO DATA 2.06E-03 9.56E-05
SR 91 1.10E-08 NO DATA 4.39E-10 NO DATA NO DATA 7.59E-06 3.24E-05
SR 92 1.19E-09 NO DATA 5.08E-11 NO DATA NO DATA 3.43E-06 1.49E-05
Y 90 3.73E-07 NO DATA 1.00E-08 NO DATA NO DATA 3.66E-05 6.99E-05
Y 91M 4.63E-11 NO DATA 1.77E-12 NO DATA NO DATA 4.00E-07 3.77E-09
Y 91 8.26E-05 NO DATA 2.21E-06 NO DATA NO DATA 3.67E-04 5.11E-05
Y 92 1.84E-09 NO DATA 5.36E-11 NO DATA NO DATA 3.35E-06 2.06E-05
Y 93 1.69E-08 NO DATA 4.65E-10 NO DATA NO DATA 1.04E-05 7.24E-05
ZR 95 1.82E-05 5.73E-06 3.94E-06 NO DATA 8.42E-06 3.36E-04 1.86E-05
ZR 97 1.72E-08 3.40E-09 1.57E-09 NO DATA 5.15E-09 1.62E-05 7.88E-05
NB 95 2.32E-06 1.29E-06 7.08E-07 NO DATA 1.25E-06 9.39E-05 1.21E-05
MO 99 NO DATA 2.11E-08 4.03E-09 NO DATA 5.14E-08 1.92E-05 3.36E-05
TC 99M 1.73E-13 4.83E-13 6.24E-12 NO DATA 7.20E-12 1.44E-07 7.66E-07

*Taken from Regulatory Guide 1.109 (Rev. 1)
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OFFSITE DOSE CALCULATION MANUAL

TABLE A.2-2* (cont’d)
INHALATION DOSE FACTORS FOR TEENAGER
(MREM PER PCI INHALED)

NUCLIDE BONE LIVER T BODY THYROID KIDNEY LUNG GI-LLI

TC 101 7.40E-15 1.05E-14 1.03E-13 NO DATA 1.90E-13 8.34E-08 1.09E-16
RU 103 2.63E-07 NO DATA 1.12E-07 NO DATA 9.29E-07 9.79E-05 1.36E-05
RU 105 1.40E-10 NO DATA 5.42E-11 NO DATA 1.76E-10 2.27E-06 1.13E-05

RU 106 1.23E-05 NO DATA 1.55E-06 NO DATA 2.38E-05 2.01E-03 1.20E-04
AG 110M 1.73E-06 1.64E-06 9.99E-07 NO DATA 3.13E-06 8.44E-04 3.41E-05
TE 125M 6.10E-07 2.80E-07 8.34E-08 1.75E-07 NO DATA 6.70E-05 9.38E-06

TE 127M 2.25E-06 1.02E-06 2.73E-07 5.48E-07 8.17E-06 2.07E-04 1.99E-05
TE 127 2.51E-10 .14E-10 5.52E-11 .77E-10 .10E-10 1.40E-06 1.01E-05
TE 129M 1.74E-06 8.23E-07 2.81E-07 5.72E-07 6.49E-06 2.47E-04 5.06E-05

=
=
Ne)

TE 129 8.87E-12 4.22E-12 2.20E-12 6.48E-12 3.32E-11 4.12E-07 2.02E-07
TE 131M 1.23E-08 7.51E-09 5.03E-09 9.06E-09 5.49E-08 2.97E-05 7.76E-05
TE 131 1.97E-12 1.04E-12 6.30E-13 1.55E-12 7.72E-12 2.92E-07 1.89E-09

TE 132 4.50E-08 3.63E-08 2.74E-08 3.07E-08 2.44E-07 5.61E-05 5.79E-05
I 130 7.80E-07 2.24E-06 8.96E-07 1.86E-04 3.44E-06 NO DATA 1.14E-06
I 131 4.43E-06 6.14E-06 3.30E-06 1.83E-03 1.05E-05 NO DATA 8.11E-07

I 132 1.99E-07 5.47E-07 1.97E-07 1.89E-05 8.65E-07 NO DATA 1.59E-07
I 133 1.52E-06 2.56E-06 7.78E-07 3.65E-04 4.49E-06 NO DATA 1.29E-06
I 134 1.11E-07 2.90E-07 1.05E-07 4.94E-06 4.58E-07 NO DATA 2.55E-09

I 135 4.62E-07 1.18E-06 4.36E-07 7.76E-05 1.86E-06 NO DATA 8.69E-07
Cs 134 6.28E-05 1.41E-04 6.86E-05 NO DATA 4.69E-05 .83E-05 1.22E-06
CS 136 6.44E-06 2.42E-05 1.71E-05 NO DATA 1.38E-05 2.22E-06 1.36E-06

=

Cs 137 8.38E-05 1.06E-04 3.89E-05 NO DATA 3.80E-05 1.51E-05 1.06E-06
Cs 138 5.82E-08 1.07E-07 5.58E-08 NO DATA 8.28E-08 9.84E-09 3.38E-11
BA 139 1.67E-10 1.18E-13 4.87E-12 NO DATA 1.11E-13 8.08E-07 8.06E-07

BA 140 6.84E-06 8.38E-09 4.40E-07 NO DATA 2.85E-09 2.54E-04 2.86E-05
BA 141 1.78E-11 1.32E-14 5.93E-13 NO DATA .23E-14 4.11E-07 9.33E-14
BA 142 4.62E-12 4.63E-15 2.84E-13 NO DATA 3.92E-15 2.39E-07 5.99E-20

=

LA 140 5.99E-08 2.95E-08 7.82E-09 NO DATA NO DATA 2.68E-05 6.09E-05
LA 142 1.20E-10 5.31E-11 1.32E-11 NO DATA NO DATA 1.27E-06 1.50E-06
CE 141 3.55E-06 2.37E-06 2.71E-07 NO DATA 1.11E-06 7.67E-05 1.58E-05

CE 143 3.32E-08 2.42E-08 2.70E-09 NO DATA 1.08E-08 1.63E-05 3.19E-05
CE 144 6.11E-04 2.53E-04 3.28E-05 NO DATA .51E-04 1.67E-03 1.08E-04
PR 143 1.67E-06 6.64E-07 8.28E-08 NO DATA 3.86E-07 6.04E-05 2.67E-05

i

PR 144 5.37E-12 2.20E-12 2.72E-13 NO DATA 1.26E-12 2.19E-07 2.94E-14
ND 147 9.83E-07 1.07E-06 6.41E-08 NO DATA 6.28E-07 4.65E-05 2.28E-05
W 187 1.50E-09 1.22E-09 4.29E-10 NO DATA NO DATA 5.92E-06 2.21E-05

NP 239 4.23E-08 3.99E-09 2.21E-09 NO DATA 1.25E-08 8.11E-06 1.65E-05
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OFFSITE DOSE CALCULATION MANUAL

TABLE A.2-3%

INHALATION DOSE FACTORS FOR CHILD

(MREM PER PCI INHALED)

NUCLIDE BONE LIVER T BODY THYROID KIDNEY LUNG GI-LLI
H 3 NO DATA 3.04E-07 3.04E-07 3.04E-07 3.04E-07 3.04E-07 3.04E-07
c 14 9.70E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06
NA 24 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06
P 32 7.04E-04 3.09E-05 2.67E-05 NO DATA NO DATA NO DATA 1.14E-05
CR 51 NO DATA NO DATA 4.17E-08 2.31E-08 6.57E-09 4.59E-06 2.93E-07
MN 54 NO DATA 1.16E-05 2.57E-06 NO DATA 2.71E-06 4.26E-04 6.19E-06
MN 56 NO DATA 4.48E-10 8.43E-11 NO DATA 4.52E-10 3.55E-06 3.33E-05
FE 55 1.28E-05 6.80E-06 2.10E-06 NO DATA NO DATA 3.00E-05 7.75E-07
FE 59 5.59E-06 9.04E-06 4.51E-06 NO DATA NO DATA 3.43E-04 1.91E-05
CO 58 NO DATA 4.79E-07 8.55E-07 NO DATA NO DATA 2.99E-04 9.29E-06
(6]0] 60 NO DATA 3.55E-06 6.12E-06 NO DATA NO DATA 1.91E-03 2.60E-05
NI 63 2.22E-04 1.25E-05 7.56E-06 NO DATA NO DATA 7.43E-05 1.71E-06
NI 65 8.08E-10 7.99E-11 4.44E-11 NO DATA NO DATA 2.