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In accordance with Section 6.9.1.7 of Appendix A to Operating License NPF-57 for
Hope Creek Generating Station (HCGS), and Section 6.9.1.8 of Appendix A to
Operating Licenses DPR-70 and DPR-75 for Salem Generating Station Unit Nos. 1
and 2 (Salem), PSEG Nuclear hereby transmits one copy of the combined 2015
Annual Radioactive Effluent Release Report (Enclosure). The report is RERR-38 for
HCGS and RERR-64 for Salem. This report summarizes liquid and gaseous releases
and solid waste shipments from the HCGS and Salem for the period of

January 1, 2015, to December 31, 2015.

There are no regulatory commitments contained in this letter.
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Alison Kraus at (856) 339-7900.

Sincerely,

Eric S. Carr

Plant Manager PI nt Manager

Salem Generating Station Hqpe Creek Generating Station
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Enclosure: 2015 Annual Radioactive Effluent Release Report
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Nuclear Regulatory Commission
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Mr. Justin Hawkins, NRC Senior Resident Inspector - Hope Creek (X24)
Mr. Patrick Finney, NRC Senior Resident Inspector — Salem (X24)
Mr. Thomas MacEwen, Hope Creek Commitment Coordinator (H02)
Mr. Thomas Cachaza, Salem Commitment Coordinator (X25)
Mr. Lee Marabella, Corporate Commitment Coordinator (N21)
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I. Introduction

This report, SGS-RERR-64/HCGS-RERR-38, summarizes information pertaining
to the releases of radioactive materials in liquid, gaseous and solid form from the
Salem Generating Station (SGS) and the Hope Creek Generating Station
(HCGS) for the period January 1, 2015, to December 31, 2015.

Salem Unit 1 is a Westinghouse Pressurized Water Reactor that has a licensed
core thermal power of 3459 MWt and an approximate net electrical output of
1180 MWe. Salem Unit 1 achieved initial criticality on December 11, 1976, and
began commercial operation on June 30, 1977.

Salem Unit 2 is a Westinghouse Pressurized Water Reactor that has a licensed
core thermal power of 3459 MWt and an approximate net electrical output of
1178 MWe. Salem Unit 2 achieved initial criticality on August 2, 1980, and
began commercial operation on October 13, 1981. '

The Hope Creek Generating Station is a General Electric (GE) Boiling Water
Reactor that has an up rated core thermal power of 3840 MWt and an
approximate net electrical output of 1212 MWe. The HCGS achieved initial
criticality on June 28, 1986 and began commercial operation on December 20,

1986.
The electrical energy (gross) output for 2015 was as follows:
Unit MW:-h electrical (net)
Salem Unit 1 9,778,025
Salem Unit 2 8,892,067
Hope Creek Unit 1 9,450,738

This report complies with the format described in Regulatory Guide 1.21,
“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”, Revision 1, June, 1974, as required by
Control 6.9.1.8 of the Salem Units 1 and 2 Offsite Dose Calculation Manual
(ODCM) and Control 6.9.1.7 of the Hope Creek ODCM.

Meteorological data was reported in the format specified in Regulatory Guide
1.23, Revision 1, “Meteorological Monitoring Programs for Nuclear Power
Plants.”

All vendor results were received and included in the report calculations.
Therefore the 2015 report is complete.
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1.

Supplemental Information

Regulatory Limits

The regulatory limits for Salem Unit 1, Salem Unit 2 and Hope Creek Unit 1
were the same. The limits were as follows:

Limit Units Receptor ODCM and 10 CFR 50, Appendix
I Design Objective Limits
1. Noble Gases: '

a. (<500 mrem/Yr Total Body
<3000 |mrem/vr SKin ODCM Control 3.11.2.1.a

b. |<5 mRad Air Gamma Quarterly air dose limits
<10 mRad Air Beta ODCM Control 3.11.2.2.a

c. |=10 mRad Air Gamma Yearly air dose limits
<20 mRad Air Beta ODCM Control 3.11.2.2.b

d (<10 mrem Total Body (Gamma) 10 CFR 50, Appendix |, Section
<30 mrem Skin (Beta) 11.B.2(b)

2. lodines, Tritium,

Particulates w

ith Half Life > 8 days:

a. |<1500 |mrem/Yr Any Organ - ODCM Control 3.11.2.1.b
Quarterly dose limits
b. |75 |mrem Any Organ ODCM Control 3.11.2.3.2
Yearly dose limits
c. |15 |mrem Any Organ ODCM Control 3.11.2.3.b
3. Liquid Effluents
The concentration limits in 10 CFR 20, Appendix B,
Table Il Col. 2 (pre 1994). For dissolved or
@ lentrained noble gases, the concentration shall be ODCM Control 3.11.1.1
limited to 2 E-04 microcuries/ml.
b. |<15 mrem Total Body Quarterly dose limits
<5 mrem Any Organ ODCM Control 3.11.1.2.a
c. |<3 mrem Total Body Yearly dose limits
<10 mrem Any Organ ODCM Control 3.11.1.2.b

4. Total Dose Limits

<25 mrem Total Body or Organ Yearly dose limits
<75 mrem Thyroid ODCM Control 3.11.4,

40 CFR 190 and 10 CFR 72.104
<100 mrem Site TEDE Dose

10 CFR 20.1301
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2. Maximum Permissible Concentration (MPC) Limits

Gaseous dose rates rather than maximum permissible concentration limits were
used to calculate permissible release rates for gaseous releases. The
maximum permissible dose rates for gaseous releases were defined in ODCM
Controls 3.11.2.1.a and 3.11.2.1.b as 500 mrem/yr (Total Body), 3000 mrem/yr
(Skin) and 1500 mrem/yr (Organ).

The Maximum Permissible Concentration Limit specified in 10 CFR 20,
Appendix B, Table I, Column 2 (pre 1994) for identified nuclides, were used to
calculate permissible release rates and concentrations for liquid release in
accordance with the Salem Unit 1 and Unit 2 and the Hope Creek Offsite Dose
Calculation Manual Control 3.11.1.1. The total activity concentration for all
dissolved or entrained gases was limited to < 2E-04 uCi/ml.

3. Average Energy

The Salem and Hope Creek ODCM limits the instantaneous dose equivalent
rates due to the release of noble gases to less than or equal to 500
mrem/year to the total body and less than or equal to 3000 mrem/year to the
skin. The average beta and gamma energies of the radionuclide mixture in
releases of fission and activation gases as described in Regulatory Guide
1.21, "Measuring, Evaluation, and Reporting Radioactivity in Solid Wastes
and Releases of Radioactive Materials in Liquid and Gaseous Effluents from
Light-Water-Cooled Nuclear Power Plants," may be used to calculate doses
in lieu of more sophisticated software. The Salem and Hope Creek
radioactive effluent programs employs the methodologies presented in U.S.
NRC 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
NUREG-0133, "Preparation of Radiological Effluent Technical Specifications
for Nuclear Power Plants,” October 1978. Therefore, average energies were
not applicable to Salem and Hope Creek.

4. Measurements and Approximations of Total Radioactivity
a. Liguid Effluents

Liquid effluents were monitored in accordance with Table 4.11-1 of the
Salem ODCM and Table 4.11.1.1.1-1 of the Hope Creek ODCM.

During 2015, all batch liquid wastes weré routed to the sampling tanks
for monitoring prior to release. The ODCMSs require these tanks to be
uniformly mixed for sampling and analysis before being released.

Batch releases were defined as:

— For Hope Creek, releases from the Equipment Sample Tanks, Floor
Drain Sample tanks, and Detergent Drain Tanks.
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— For Salem, releases from the Service Water Drums, which were
collected and disposed via the Chemical Waste Basin, and the
Chemical Volume Control System (CVCS) Monitor Tanks. During
2015, all batch liquid wastes from the Chemical Drain Tank and
Laundry and Hot Shower Tanks were routed to Waste Monitor
Holdup Tanks for monitoring prior to release. For process flexibility
of liquid effluents, the Salem Unit 1 and.2 Liquid Radwaste System
was cross-connected. ’

Continuous releases were defined as:

— For Hope Creek, a continuous liquid effluent release path exists
through the Circulating Water Dewatering Sump Discharge.

— For Salem, continuous liquid release pathways include condensate
releases for blow-down of the Steam Generators and the Unit 1
Groundwater Recovery System through the Chemical Waste Basin.

Representative samples were obtained in accordance with Table
4.11-1 of the Salem ODCM for the Salem Generating Station and
Table 4.11.1.1.1-1 of the Hope Creek ODCM for Hope Creek
Generating Station. The total liquid activity discharged was
determined by multiplying specific activities from the analyses by the
volume of effluent discharged to the environment.

The detection requirements of Table 4.11-1 (SGS) and Table
4.11.1.1.1-1 (HCGS) of the ODCM were achieved. Radionuclides that
were measured at concentrations below the ODCM-specified lower
limit of detection (LLD) were considered present. A radionuclide for
which no activity was detected while meeting the required LLD was
considered absent.

b. Gaseous Effluents

Salem Units 1 and 2:

Gaseous effluent streams at Salem Generating Station were monitored
and sampled in accordance with Table 4.11-2 of the ODCM. Each plant
vent was the final release point for planned gaseous effluent releases
and was continuously monitored by installed radiation monitors. The vent
was also continuously sampled for iodine and particulates with a
charcoal cartridge and filter paper. The filter and charcoal were normally
changed weekly, and analyzed on a multi-channel analyzer.

Sampling was also performed on all gas decay tanks and the
containment atmosphere prior to release to the environment. The plant
vent for each unit was normally sampled weekly for noble gases,
particulates, radioiodine, and tritium.

The detection requirements of Table 4.11-2 of the ODCM were achieved
or exceeded. A radionuclide detected at a concentration below the
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ODCM LLD was considered present. A radionuclide for which no activity
was detected while meeting the required LLD was considered absent.

Continuous gaseous releases were quantified by routine sampling and
isotopic analyses of the plant vent for each unit, as required by the
ODCM. Specific activities for detected isotopes were multiplied by the
total vent flow volume for the entire sampling period in order to determine
the normal continuous release of radioactivity through the plant vent.

Batch noble gas releases were quantified by sampling each decay tank
or containment atmosphere prior to release. The total activity in a batch
release was determined by multiplying the specific activities for detected
isotopes by the total volume of the gas discharged in that batch release.

Elevated plant vent radiation monitoring system readings while the
channel was in an alarm state were treated as batch mode releases. If
specific activity data from grab samples were not available, then the
release was quantified by the use of the plant vent radiation monitors.
The monitor response was converted to “specific activity” using historical
efficiency factors. The total activity discharged was determined by
multiplying the “specific activity” by the volume of effluent discharged
while the channel was in an alarm state.

Hope Creek:

Gaseous effluent streams at Hope Creek Generating Station were
monitored and sampled in accordance with Table 4.11.2.1.2-1 of the
ODCM. The North Plant Vent (NPV) and South Plant Vent (SPV) were
the final release points for planned gaseous effluent releases. The NPV
and SPV were continuously monitored for iodine, particulates and noble
gases. These monitors have fixed particulate and charcoal filters. The
particulate filters and charcoal cartridges were normally replaced and
analyzed weekly. These analyses were performed on a multi-channel
analyzer. The NPV and SPV were also normally sampled weekly for
noble gases and tritium.

A small quantity of gaseous effluent was released via the Filtration,
Recirculation, and Ventilation System (FRVS) vent during FRVS testing
periods. The FRVS was continuously monitored for noble gases when in
service, and has fixed particulate and charcoal filters. When the system
was in vent mode for greater than two hours, samples were collected at
the end of the release period. During periods of extended runs, samples
were normally taken weekly.

The detection requirements of Tables 4.11.2.1.2-1 of the ODCM were
achieved or exceeded. A radionuclide detected at a concentration below
the ODCM detection limit (LLD) was considered present. A radionuclide
for which no activity was detected while meeting the required LLD was
considered absent.
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Batch noble gas releases (i.e. primary containment purge) were
quantified by pre-release sampling and isotopic analysis. The total
radioactivity released was estimated by multiplying the specific activities

for detected isotopes by the containment volume.

The Salem and Hope Creek ODCMs required lower limit of detection for

airborne and liquid releases were as follows:

Airborne: LLD
Gross Alpha, Sr-89, Sr-90 1E-11 uCi/ce
H-3 1E-06 uCi/cc
1-131 1E-12 uCi/cc
Principal Gamma Emitters (Mn-54, Fe-59, Co-58, Co-60, Zn-65, Mo- 1E-11 uCi/ce
99, I-131, Cs-134, Cs-137,Ce-141, Ce-144)
Noble Gas (Kr-87, Kr-88, Xe-133, Xe-133m, Xe-135, Xe-135m, 1E-04 uCi

-04 uCilcc
Xe-138)
Liquid: LLD
Principal Gamma Emitters (Mn-54, Fe-59, Co-58, Co-60, Zn-65, Mo- .
90, Oad34, 0137, Ce-14(1) SE-07 uCi/ml
Ce-144 — Hope Creek 5E-06 uCi/ml
Ce-144 — Salem 2E-06 uCi/ml
1-131 1E-06 uCi/ml
Entrained Gases (Kr-87, Kr-88, Xe-133, Xe-133m, Xe-135, Xe-135m, 1E-05 uCi
Xe-138) -05 uCi/m|
H-3 1E-05 uCi/ml
Gross Alpha 1E-07 uCi/ml
Sr-89, Sr-90 5E-08 uCi/ml
Fe-55 1E-06 uCi/ml

5. Estimated Total Error

The estimated total error reported for continuous and batch liquid releases for all
three plants was within 27%. The estimated total error for continuous and batch
gaseous releases, and solid waste was within 35%. These errors were primarily
due to variability of waste stream flow rates and changes in isotopic distributions
of waste streams between sampling periods.
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6. Unplanned Releases

Salem Unit 1

1. Liquid |l atr.1 | Q.2 | Qtr.3 | Qtr.4 | Total
Number of Releases 0 0 2 ' 1 3
Total Activity Released (Ci) 0 0 4.68E-03| 1.93E-02| 2.40E-02

2. Gaseous

Number of Releases 1 0 0 0 1

Total Activity Released (Ci) 1.70E-02 0 0 -0 1.70E-02

There were three unplanned liquid releases due to an excavation project where
liquid from the de-watering of an excavation was discharged to the river.
Permits were created when positive activity was found. One gaseous release
permit was created for a release through the Containment Equipment Hatch.
Radiation Protection has established routine sampling in that area of the
Containment Equipment Hatch. When activity was found a permit was created
using conservative flow rate assumptions.

Salem Unit 2:

1. Liquid : Qtr. 1 Qtr. 2 Qtr.3 | Qtr. 4 Total
Number of Releases 0 0 0 0 0
Total Activity Released (Ci) 0 0 0 0 0

2. Gaseous

Number of Releases 0 0 0 " 19 19

Total Activity Released (Ci) 0 0 0 1.11E-02| 1.11E-02

There were zero unplanned liquid releases and one unplanned gaseous release
‘due to the planned integrated leak rate test, and 18 unplanned gaseous
releases through the Containment Equipment Hatch. Radiation Protection has
established routine sampling of this hatch. When activity was found, permits
were created using conservative flow rate assumptions.

Hope Creek Unit 1:

1. Liquid , Qtr.1 | Qtr.2 | Qtr.3 | Qtr.4 | Total
Number of Releases 0 1 1 0 2
Total Activity Released (Ci) ' 0 1.20E-021] 1.17E-05 0 1.20E-02

2. Gaseous
Number of Releases ' 0 0 0 0 0
Total Activity Released (Ci) 0 0 0 0 0
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There were two unplanned liquid releases and zero unplanned releases through
the gaseous release pathways. The first unplanned liquid release was from
the Service Water Drain Tank that occasionally contains small quantities of
tritium. The second liquid release was from a South Yard Drain sample
during a rain event (Notification 20697843). A conservative dose analysis
was developed, and a nearby asphalt millings pile was identified as a
potential source. All releases were documented in the Station’s Effluent
Management System (EMS) database program and the curies and doses
calculated were included in the annual tables reported in this report.

7. Significant Events
Salem Unit 1

The required compensatory sampling frequency specified in ODCM
CONTROL 3.3.3.8.b, ACTION 28.b. was not met. Radiation monitors 2R13A
and 2R13B were declared out of service on 10/09/2015 at 1830.
Compensatory sampling in accordance with ACTION 28.c “With no identified
service water leakage (inside containment) on the Containment Fan Coil Unit
associated with the inoperable monitor, at least once per 24 hours, collect
grab samples and analyze for principal gamma emitters, 1-131, and dissolved
and entrained gases at the lower limits of detection specified in ODCM
CONTROL Table 4.11-1.B and the ODCM Surveillance Requirement
4.11.1.1.2 was performed.” Administrative sampling was initiated at a 12 hour
frequency, which met the requirements of the Action.

Operations determined on 10/15/2015 that there had been service water
leakage inside of containment associated with both radiation monitors. As a
result, ACTION 28.b should have been invoked where sampling was required
every eight hours. Chemistry immediately began sampling at an
administrative rate of every six hours to meet the requirements of the Action.

No detectible activity was found in any of the samples. All samples results
were below the Minimum Detectable Activity. — Notification 80114573

-Salem Unit 2
None

Hope Creek

In accordance with NEI 07-07 “Industry Ground Water Protection Initiative-
Final Guidance Document”, on March 4, 2015 PSEG voluntarily notified
the New Jersey Department of Environmental Protection Bureau of
Nuclear Engineering, followed by the Nuclear Regulatory Commission,
that tritium samples in excess of 10,000,000 pCi/L had been identified in
ice and snow at the northeast corner of the Hope Creek Turbine Building.
The ice and snow was removed and containment structures were put in
place to collect any remaining water.
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An Apparent Cause Evaluation (70174760) determined that the origin of
the tritium source was the result of condensation and direct deposition
from the discharge of entrained water vapor from the Turbine and Reactor
Feed pump Lube QOil Vapor Extractors (TLOVE and RFPLOVE,
respectively) and the two Generator Hydrogen Seal Oil vents (collectively,
“Lube Qil Vents”) onto the cooler surfaces.of the Turbine Building roof,
siding, and parapet walls. Although this condensation does occur year-
round. This condensation and deposition process was approximately an
order of magnitude more severe during seasonally cold weather. The
average temperatures at the Site for January and February 2015 were
29.1 F and 23.7 F, respectively.

The Lube Oil Vents and associated systems were operating nominally as
designed to remove accumulated water from the lubricating and seal oil
for the various turbine systems. This water was discharged as entrained
vapor onto the Turbine Building roof and condensed on lower temperature
surfaces. This water includes tritium, as the source of a portion of the
water in the turbine systems from the primary system. The Lube Oil Vent
water vapor discharges accumulate in two ways: (1) direct condensation
on cool surfaces (such as the parapet wall) and (2) direct deposition as
rime ice (frost) on cold surfaces. The condensation and deposition
mechanisms allow water to enter the roofing and siding / parapet wall
systems. This water was not substantially diluted after it was discharged
from the Lube Oil Vents (as cold air has low relative humidity) and it
accumulated either in the roofing system, or in the siding / parapet wall
systems (hollow and not sealed), where portions were displaced and
dripped to the ground during or following precipitation events.

To obtain realistic effluent information for the Lube Oil System vent lines,
Enercon Services, Inc. was tasked with determining various parameters of
the vents discharging tritium to the atmosphere. That information was
reported in Report NO. PSEG106-PR-004.

Applying the highest concentration of Reactor Coolant System (RCS)
tritium recorded of 0.035 uCi/ml in 2014 it was determined that the
gaseous tritium effluents from the individual Turbine Lube Oil vents each
represented less than 1% of the total gaseous tritium released in 2014.

Annual Release: 2014 Annual Percentage of
‘ " Gaseous Activity Relative to
Iltems of Tritium, Rel f Total Rel
Cilyear clease o otal helease
tritium, Ci from Site

3 inch RFPT Vent Line 2.89. 0.80%
3 inch GHSO Vent Line 0.39 362.0 0.11%
10 inch GHSO Vent Line 3.38 ' ’ 0.94%
8 inch MTLO vent Line 1.01 0.28%




2015 SGS AND HCGS RADIOACTIVE EFFLUENT RELEASE REPORT

10.

The effluent water flow rates for each vent line calculated were
significantly lower than the estimated values. Based on the calculated
effluent water flow rates, the percentage of tritium activity for each of the
Lube Qil System vent lines was less than 1 percent of the overall annual
release of gaseous tritium from the Site.

Per Section 1.3 of Regulatory Guide 1.21, Rev.2, Measuring, Evaluating,
and Reporting Radioactive Material in Liquid and Gaseous Effluents and
Solid Waste, a significant release point was defined as any location, from
which radioactive material was released, that contributes greater than 1
percent of the activity discharged from all the release points for a
particular type of effluent considered. Based on this Regulatory Guide
1.21 criteria, the Lube Qil System vent lines were not significant release

points.

In 2015 the total tritium released in gaseous effluents was 201 Ci. Using
the average tritium concentration in Hope Creek RCS of 0.016 uCi/ml. The
calculated release from these vents remain less than 1% of the total
gaseous releases from Hope Creek. Therefore per Regulatory Guide 1.21
these minor systems do not require routine monitoring.

2015 Annual Percentage of
Annual _l'\felease Gaseous Activity Relative to
ltems of Tritium,
Cilyear Release o_f Total Release
tritium, Ci from Site

3 inch RFPT Vent Line 1.33 0.66%
3 inch GHSO Vent Line 0.18 201.0 0.09%
10 inch GHSO Vent Line 1.56 ' 0.77%
8 inch MTLO vent Line 0.46 0.23%

Changes to the Offsite Dose Calculation Manuals
There were no changes to either the Salem or Hope Creek ODCMs.

Changes to the Process Control Program

Procedure RW-AA-100 was revised on May 12, 2015 to update the
responsibilities in sections 3.1 and 3.2.

Radioactive Effluent Monitoring Instrumentation Out of
Service for More than 30 Days

Salem Unit 1

Radiation monitors 1R19B and 1R19D were out of service for 35 days, 5

hours and 48 minutes.

10
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11.

Gaseous effluent radiation monitor 1R19A, B and D channels were
removed from service on 1/13/2015 at 0850 for planned maintenance. On
1/14/2015 at 1930 1R19C was removed for service. Radiation monitors
1R19A and 1R19C were returned to service on 1/19/2015 at 1502.
Scheduled maintenance of 1R19B and 1R19D completed on 2/17/2015 at
1315 and were returned to service on 2/17/2015 at 1438 after passing
source check. These monitors were not returned to service within the
required 30 days due to the unavailability of the required parts —
Notification 20678634. |

The required compensatory ACTIONS were implemented.
Salem Unit 2

None

Hope Creek Unit 1

A sensor calibration of the Filtration, Recirculation and Ventilation System
(FRVS) vent flow sensor was started on July 8, 2015 at 0837, but was not
completed until after the 30 day requirement had been exceeded. The
primary reason that the sensor calibration was not completed within 30
days was due to the lack of communication which led to incorrect
prioritization of the work.

TSAS 15-215, which identified the requirement for a special report,
documented notification to Radiation Protection for compensatory actions
on July 8th. Notification to Regulatory Assurance, Nuclear Environmental
Affairs, or Work Management was not documented. In addition, reporting
inoperability for more than 30 days in the next RERR was not documented
in the notification long text as a consequence, and was not included in the
operability screening of Notification 20696893. Documentation of this
issue was in Notification 20699001.

Elevated Gaseous Radiation Monitor Responses

During the 2015 reporting period, none of the effluent radiation monitors
elicited an elevated response during the discharge of liquid and gaseous
effluent from either of the Salem Units 1 and 2 or from the Hope Creek
Generating Station.

11



2015 SGS AND HCGS RADIOACTIVE EFFLUENT RELEASE REPORT

12.

13.

Independent Spent Fuel Storage Installation (ISFSI)

An Independent Spent Fuel Storage Installation (ISFSI) was placed in service
starting in the summer of 2006. There have been no gaseous or liquid
releases from the ISFSI. In 2015 the dose to the nearest resident to the
ISFSI was zero, using environmental dosimeters from the Radiological
Environmental Monitoring Program. As reported in the 2015 Annual
Radiological Environmental Operating Report (AREOR), a hypothetical
analysis was performed where a member of the public remains in the area of
the ISFSI pad for 20 days during the year. This hypothetical dose was
calculated as 3.9 mrem, which was well below the 40 CFR 190 and 10 CFR
72.104 total body dose limit of 25 mrem.

Effluent Trends

The following trend graphs show the total curies of liquid and gaseous
effluents released for Salem and Hope Creek from 2005 through 2015.

Figure 1
Fission and Activation Gases Released in Gaseous Effluents,
Salem Unit 1, Salem Unit 2 and Hope Creek, 2005 - 2015

® Salem U1 u Salem U2 H Hope Creek
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1.00E+01

Curies

1.00E+00

1.00E-01
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Curies

Curies

Figure 2
lodines Released in Gaseous Effluents, Salem Unit 1,
Salem Unit 2 and Hope Creek, 2005 - 2015
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Figure 3
Particulates Released in Gaseous Effluents,
Salem Unit 1, Salem Unit 2 and Hope Creek, 2005 - 2015
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Figure 4
Tritium Released in Gaseous Effluents,
Salem Unit 1, Salem Unit 2 and Hope Creek, 2005 - 2015

o Salem U1 u Salem U2 ® Hope Creek U1
4.5E+02
4.0E+02
3.5E+02
3.0E+02
o
g 2.5E+02
o
2.0E+02
1.5E+02
1.0E+02
5.0E+01
0.0E+00
o © 4 ® o o N U > b &
O ) ) ) O N N N N N N
N A
Year
Figure 5
Fission and Activation Products Released in Liquid Effluents,
Salem Unit 1, Salem Unit 2 and Hope Creek,
2005 - 2015
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14.

Figure 6

Tritium Released in Liquid Effluents,
Salem Unit 1, Salem Unit 2 and Hope Creek, 2005 - 2015
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Modification to Previous Radioactive Effluent Release
Reports —Errata Data Section

The following details corrections to the 2014 ARERR:

Page 14:

The dose limits for Salem Unit 1 for the Limit for Organ Dose (mrem) from |-
131, 1-133, Tritium and particulate nuclides (>8 days half-life) were missing.

Table 2 2014 Doses from Gaseous Effluent by Operating Unit

Salem Unit 1

Gaseous Effluent Parameter Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4 Annual
Limit for Organ Dose (mrem) from | 7.50E+00 | 7.50E+00 | 7.50E+00 | 7.50E+00 | 1.50E+01
1-131, 1-133, Tritium and
particulate nuclides (>8 days half-
life)

ODCM Critical Receptor| 3.11E-05 | 4.60E-05 | 4.40E-05 | 2.64E-04 | 3.85E-04

% Dose Limit| 4.15E-04 | 6.14E-04 | 5.86E-04 | 3.51E-03 | 2.56E-03

15
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Page 27

Dose limits for Salem Unit 1 for the Limit for Organ Dose (mrem) from 1-131, I-
133, Tritium, particulate nuclides (>8 days half-life) and C-14 were incorrect in
Table 1A-1 Gaseous Effluents — Summation of all Releases

Salem Unit 1
Units Qtr. 1 Qtr. 2 Qtr. 3 Qtr.4 | Annual
G. 1-131, 1-133, H-3, Particulates >
8 day half-life & C-14
Percent of limit (ODCM 3.11.2.3(a)) % 3.59E-01 | 3.63E-01 | 3.67E-01 | 3.70E-01| 7.29E-01

Page 37

Dose limits for Salem Unit 2 for the Limit for Organ Dose (mrem) from 1-131, I-
133, Tritium, particulate nuclides (>8 days half-life) and C-14 were incorrect in
Table 1A-2 Gaseous Effluents — Summation of all Releases

Salem Unit 2
Units Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4 Annual
G. I-131, 1-133, H-3, Particulates >
8 day half-life & C-14
Percent of limit (ODCM 3.11.2.3(a)) % 3.01E-01| 3.05E-01 | 3.08E-01 | 3.08E-01| 6.11E-01

Page 39

The percent of the applicable limit (ODCM 3.11.1(a) & (b)) for Table 2A-2 for
the Total Column were reversed for the Organ % and Total Body % The
correct values are:

Organ %
Total Body %

Page 51

3.03E-03
2.27E-03

Dose limits for Hope Creek for the Limit for Organ Dose (mrem) from 1-131, I-
133, Tritium, particulate nuclides (>8 days half-life) and C-14 were incorrect in
Table 1A-3 Gaseous Effluents — Summation of all Releases

Hope Creek
Units Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4 Annual
G. I-131, 1-133, H-3, Particulates >
8 day half-life & C-14
Percent of limit (ODCM 3.11.2.3(a)) % 6.75E-01 | 7.30E-01| 7.73E-01 | 7.88E-01 | 1.48E+00

Page 53

The percent of the applicable limit (ODCM 3.11.1(a) & (b)) for Table 2A-3 for
the Total Column were incorrect for the Total Body %. The correct value was:

Total Body %

1.23E-01
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15.

Carbon-14 in Gaseous Effluents

The NRC has identified carbon-14 (C-14) as a potential principal radionuclide
for gaseous effluent (refer to Regulatory Position 1.9 in Revision 2 of
Regulatory Guide 1.21). Since the publication of Regulatory Guide 1.21,
*Measuring, Evaluating, and Reporting Radioactive Material in Liquid and

. Gaseous Effluents and Solid Waste”, Revision 1, June 1974, the radioactive

effluents from commercial nuclear power plants have decreased to the point
that C-14 was likely to be a principal radionuclide in gaseous effluents.
Gaseous effluent releases from a boiling water reactor (BWR), such as the
Hope Creek Generating Station, and pressurized water reactor (PWR), such
as the Salem Units 1 and 2, can contain significant quantities of C-14, the
NRC has recommended that licensees evaluate C-14 as a potential principal
radionuclide for gaseous releases from their facility. Those evaluations have
determined that C-14 was a “principal radionuclide” in gaseous effluent from
each of the three stations.

The assessment methodology used to estimate the quantity of C-14
discharged in gaseous effluent from the Salem and Hope Creek Stations
involved the use of a normalized C-14 source term and scaling factors based
on power generation from EPRI Technical Report 10211086, * Estimation of

. Carbon-14 in Nuclear Power Plant Gaseous Effluents”, December 2010. This

method was selected based on guidance offered in Regulatory Guide 1.21,
and incorporates dose models described 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.

The following assumptions were incorporated into the method:

e Only C-14 in the form of CO, was incorporated into vegetation through
photosynthesis, which causes dose via the ingestion exposure
pathways. :

¢ The concentration of C-14 in vegetation was proportional to the
concentration of C-14 in air (per equation C-8 in Regulatory Guide
1.109).

e 95% of C-14 released from a BWR (i.e., Hope Creek) and 30% of C-14
released from a PWR (i.e., Salem Units 1 and 2) was in the form of
CO; (EPRI Technical Report 1021106).

Using scaling factors and 2015 power generation data, the estimated total C-14
released in 2015 was 11.6 Ci from Salem Unit 1, 10.2 Ci from Salem Unit 2, and
16.2 Ci from the Hope Creek Generating Station.

The calculated dose contribution of C-14 was determined using the
methodology detailed in the Hope Creek’s and Salem’s ODCMs. The
calculated maximum total body and organ (bone) doses from C-14 occurred
for a child receptor at 4.6 mile SW (Table 1) using the pathways of inhalation,
meat and vegetation. The calculated doses from the estimated C-14 in

17
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gaseous effluents represent about 100% of the bone total dose from the
Salem site and 99.9% from the Hope Creek site.

Table 1 Quarterly and Annual Child Bone Doses from Radioactive Gaseous
Effluent Releases from the Site to the Critical Receptor and Pathways,
2015.

Bone Dose from other

radionuclides Qtr 1 Qtr 2 Qtr 3 Qtr 4 Total

Salem Unit 1 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00

Salem Unit 2 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.24E-08 | 4.24E-08

Hope Creek 2.79E-05 3.28E-05 | 3.43E-07 | 0.00E+00 | 6.11E-05

Total 2.79E-05 | 3.28E-05 | 3.43E-07 | 4.24E-08 | 6.11E-05

Bone Dose from C-14 ,

Salem Unit 1 2.84E-02 | 2.87E-02 | 2.90E-02 | 2.90E-02 | 1.15E-01

Salem Unit 2 2.58E-02 | 2.61E-02 | 2.64E-02 | 2.64E-02 | 1.05E-01

Hope Creek 411E-02 | 4.16E-02 | 4.20E-02 | 4.20E-02 | 1.67E-01

Total 9.53E-02 | 9.64E-02 | 9.74E-02 | 9.74E-02 | 3.86E-01

Ill. Radiological Impact On Man

1.

Effluent Doses

The doses from liquid and gaseous effluent represent the maximum potential
radiation dose for a member of the general public following the methodology
in the station’s ODCM and reported by the station’s EMS database program.

The annual doses presented in the tables below represent calculations for the
four quarters of 2015. The radiological impacts from liquid and gaseous
effluent discharges from Salem Units 1 and 2 and Hope Creek Generating
Station are presented in Tables 1 and 2, respectively, and demonstrate
compliance with applicable regulatory limits. Dose limit values presented in
bold font are regulatory limits. The quarterly doses must not exceed the
quarterly limit in any quarter and the summation of two or more quarterly
doses must not exceed the annual dose limit.

a. Doses from Liquid Effluent

Quarterly and Annual doses from liquid effluent were calculated using the
methodology described in the Salem and Hope Creek ODCMs. Usage
factors and dose conversion factors used in the liquid dose calculations
were those presented in the Salem and Hope Creek ODCMs.

The individual doses from liquid effluent (presented in Table 2) were
calculated for the controlling locations described in the Salem and Hope
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Creek using the methodology in the ODCMs by the Station EMS database

program.

Table 2 2015 Doses and Percent of the Limits from Liquid Effluents by

Operating Unit

Salem Unit 1
Liquid Effluent Parameter Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4 Annual
Total Body Dose Limit 1.50E+00 | 1.50E+00 | 1.50E+00 | 1.50E+00 | 3.00E+00
(mrem)
Maximum Total Body Dose 2.32E-06 | 1.18E-06 | 4.03E-06 | 2.03E-05 | 2.78E-05
(mrem)
% Dose Limit 1.55E-04 | 7.88E-05 | 2.69E-04 | 1.35E-03 | 9.27E-04
Organ Dose Limit (mrem) 5.00E+00 | 5.00E+00 | 5.00E+00 | 5.00E+00 | 1.00E+01
Maximum Organ Dose (mrem) | 6.92E-06 | 1.33E-06 | 4.13E-06 | 2.46E-05 | 3.69E-05
% Dose Limit 1.38E-04 | 2.65E-05 | 8.26E-05 | 4.91E-04 | 3.69E-04
. Salem Unit 2
Liquid Effluent Parameter Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4 Annual
Total Body Dose Limit 1.50E+00 | 1.50E+00 | 1.50E+00 | 1,50E+00 | 3.00E+00
(mrem)
Maximum Total Body Dose 1.71E-06 | 1.57E-06 | 6.84E-06 | 1.83E-05 | 2.84E-05
(mrem) '
% Dose Limit 1.14E-04 | 1.05E-04 | 4.56E-04 | 1.22E-03 | 9.46E-04
Organ Dose Limit (mrem) 5.00E+00 | 5.00E+00 | 5.00E+00 | 5.00E+00 | 1.00E+01
Maximum Organ Dose (mrem) | 2.49E-06 | 1.96E-06 | 7.06E-06 | 5.96E-05 | 7.11E-05
% Dose Limit 4.97E-05 | 3.92E-05 | 1.41E-04 | 1.19E-03 | 7.11E-04
Hope Creek Generating Station
Liquid Effluent Parameter Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4 Annual
Total Body Dose Limit 1.50E+00 | 1.50E+00 | 1.50E+00 | 1.50E+00 | 3.00E+00
(mrem)
Maximum Total Body Dose 4.83E-05 | 6.07E-05 | 2.47E-06 | 1.82E-06 | 1.13E-04
{mrem)
% Dose Limit 3.22E-03 | 4.05E-03 | 1.65E-04 | 1.22E-04 | 3.78E-03
Organ Dose Limit (mrem) 5.00E+00 | 5.00E+00 | 5.00E+00 | 5.00E+00 | 1.00E+01
Maximum Organ Dose (mrem) | 1.21E-04 | 1.83E-04 | 3.50E-06 | 1.83E-06 | 3.10E-04
% Dose Limit 2.42E-03 | 3.67E-03 | 7.00E-05 | 3.66E-05 | 3.10E-03
Salem-Hope Creek Site Total
Liquid Effluent Parameter Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4 Annual
(Tn‘::Z'nswy Dose Limit 4.50E+00 | 4.50E+00 | 4.50E+00 | 4.50E+00 | 9.00E+00
?ﬂfﬁ;’rr:;’m Total Body Dose 5.23E-05 | 6.35E-05 | 1.33E-05 | 4.04E-05 | 1.69E-04
% Dose Limit 1.16E-03 | 1.41E-03 | 2.96E-04 | 8.98E-04 | 1.88E-03
Organ Dose Limit (mrem) 1.50E+01 | 1.50E+01 | 1.50E+01 | 1.50E+01 | 3.00E+01
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Table 2 2015 Doses and Percent of the Limits from Liquid Effluents by

Operating Unit

Maximum Organ Dose (mrem)

1.30E-04

1.86E-04

1.47E-05

8.52E-05

4.18E-04

% Dose Limit

8.69E-04

1.24E-03

9.79E-05

5.68E-04

1.39E-03

Doses from Gaseous Effluent

Quarterly doses from gaseous effluent were calculated using the
methodology described in the Salem and Hope Creek ODCMs. Usage
factors and dose conversion factors used in the gaseous dose

calculations were those presented in the Salem and Hope Creek

ODCMs.

The individual doses from radioactive gaseous effluents (presented in

Table 3) were calculated for the controlling locations described in the

Salem and Hope Creek ODCMs using the methodology in the ODCMs
by the Station’s EMS database program. The dose contribution from
Carbon-14 was determined by manual calculations using the
methodology listed in the stations’ ODCMs .and added to the
appropriate organ from the EMS printout.

Table 3 2015 Doses and Percent of the Limits from Gaseous Effluents by

Generating Station

L

Salem Unit 1

|Gaseous Effiuent Parameter

Qtr. 1

Qtr. 2

Qtr. 3

Qtr. 4

Annual

u.imit for Gamma Air Dose (mrad)
rom Noble Gases

Maximum Gamma Air Dose (mrad)
% Dose Limit

5.00E+00

5.00E+00

5.00E+00

5.00E+00

1.00E+01

2.35E-05

1.56E-05

1.43E-05

2.39E-05

7.73E-05

4.70E-04

3.12E-04

2.87E-04

4.78E-04

7.73E-04

|:.imit for Beta Air Dose (mrad)
or Noble Gases

Maximum Beta Air Dose (mrad)

1.00E+01

1.00E+01

1.00E+01

1.00E+01

2.00E+01

8.58E-06

8.56E-06

9.14E-06

1.40E-05

4.03E-05

% Dose Limit

8.58E-05

8.56E-05

9.14E-05

1.40E-04

2.01E-04

Limit for Organ Dose (mrem)

rom 1-131, [-133, Tritium and
particulate nuclides (>8 days
half-life)

[7.50E+00

7.50E+00

7.50E+00

7.50E+00

1.50E+01

ODCM Critical Receptor (mrem)

1.09E-03

1.84E-04

3.68E-04

5.71E-04

2.21E-03

% Dose Limit|

1.45E-02

2.46E-03

4.90E-03

7.61E-03

1.48E-02

rom I-131, I-133, Tritium, C-14
and particulate nuclides (>8
days half-life)

|:.imit for Organ Dose (mrem)

7.50E+00

7.50E+00

7.50E+00

7.50E+00

1.50E+01

ODCM Critical Receptor (mrem)

2.83E-02

2.87E-02

2.90E-02

2.90E-02

1.15E-01

% Dose Limit|

3.78E-01

3.82E-01

3.86E-01

3.86E-01

7.66E-01
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Table 3 2015 Doses and Percent of the Limits from Gaseous Effluents by
Generating Station (continued) '

Salem Unit 2

Gaseous Effluent Parameter Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4 Annual

Limit for Gamma Air Dose (mrad)| 5.00E+00 | 5.00E+00 { 5.00E+00 | 5.00E+00 | 1.00E+01
from Noble Gases '

Maximum Gamma Air Dose (mrad)| 1.82E-05 | 2.41E-05 | 1.80E-05 | 1.26E-05 | 7.28E-05

% Dose Limit| 3.63E-04 | 4.82E-04 | 3.60E-04 | 2.52E-04 | 7.28E-04

Limit for Beta Air Dose (mrad) 1.00E+01 | 1.00E+01 | 1.00E+01 | 1.00E+01 | 2.00E+01
for Noble Gases

Maximum Beta Air Dose (mrad)| 6.44E-06 | 9.06E-06 | 7.43E-06 | 1.01E-05 | 3.30E-05

% Dose Limit| 6.44E-05 | 9.06E-05 | 7.43E-05 | 1.01E-04 | 1.65E-04

Limit for Organ Dose (mrem) 7.50E+00 | 7.50E+00 | 7.50E+00 | 7.50E+00 | 1.50E+01 |
from 1-131, 1-133, Tritium and
particulate nuclides (>8 days
half-life)

ODCM Critical Receptor| 1.86E-04 | 1.11E-04 | 1.80E-04 | 1.56E-04 | 6.32E-04

% Dose Limit| 2.48E-03 | 1.48E-03 | 2.40E-03 | 2.08E-03 | 4.22E-03

Limit for Organ Dose (mrem) 7.50E+00 | 7.50E+00 | 7.50E+00 | 7.50E+00 | 1.50E+01
from 1-131, 1-133, Tritium, C-14 '
and particulate nuclides (>8
days half-life)

ODCM Ciritical Receptor] 2.58E-02 | 2.61E-02 | 2.64E-02 | 2.64E-02 | 1.05E-01

% Dose Limit| 3.44E-01 | 3.48E-01 | 3.52E-01 | 3.52E-01 | 6.97E-01

Hope Creek

Gaseous Effluent Parameter Qtr. 1. Qtr. 2 Qtr. 3 Qtr. 4 Annual

l:.imit for Gamma Air Dose (mrad)| 5.00E+00 | 5.00E+00 | 5.00E+00 | 5.00E+00 | 1.00E+01
rom Noble Gases

Maximum Gamma Air Dose (mrad)| 0.00E+00 | 4.86E-04 | 6.80E-05 | 0.00E+00 | 5.54E-04
: % Dose Limit| 0.00E+00 | 9.72E-03 | 1.36E-03 | 0.00E+00 | 5.54E-03

Limit for Beta Air Dose (mrad) 1.00E+01 | 1.00E+01 | 1.00E+01 | 1.00E+01 | 2.00E+01
or Noble Gases

Maximum Beta Air Dose (mrad)| 0.00E+00 | 1.15E-03 | 3.00E-03 [ 0.00E+00 | 4.15E-03

% Dose Limit| 0.00E+00 | 1.15E-02 | 3.00E-02 | 0.00E+00 | 2.07E-02

Limit for Organ Dose (mrem) 7.50E+00 | 7.50E+00 | 7.50E+00 | 7.50E+00 | 1.50E+01
rom [-131, 1-133, Tritium and
particulate nuclides (>8 days
half-life)

ODCM Ciritical Receptor| 8.77E-03 | 4.75E-03 | 1.47E-03 | 1.69E-03 | 1.67E-02

% Dose Limit 1.17E-01 | 6.33E-02 | 1.97E-02 | 2.26E-02 | 1.11E-01

rom I-131, 1-133, Tritium, C-14
and particulate nuclides (>8
days half-life)

F_imitforOrgan Dose (mrem) 7.50E+00 | 7.50E+00 | 7.50E+00 | 7.50E+00 | 1.50E+01

ODCM Critical Receptor| 4.12E-02 | 4.16E-02 | 4.21E-02 | 4.21E-02 | 1.67E-01

% Dose Limit 5.49E-01 | 5.54E-01 | 5.61E-01 | 5.61E-01 | 1.11E+00

21



2015 SGS AND HCGS RADIOACTIVE EFFLUENT RELEASE REPORT

Table 3 2015 Doses and Percent of the Limits from Gaseous Effluents by
Generating Station (continued)

Salem-Hope Creek Site Total

Gaseous Effluent Parameter

Qtr. 1 Qtr. 2 Qtr. 3

Qtr. 4

Annual

Limit for Gamma Air Dose (mrad)| 1.50E+01 | 1.50E+01 | 1.50E+01

rom Noble Gases

1.50E+01

3.00E+01

Maximum Gamma Air Dose (mrad)| 4.17E-05 | 5.26E-04 | 1.00E-04

3.65E-05

7.04E-04

% Dose Limit| 2.78E-04 | 3.50E-03 | 6.69E-04

2.43E-04

2.35E-03

or Noble Gases

‘:_imit for Beta Air Dose (mrad) | 3.00E+01 | 3.00E+01 | 3.00E+01

3.00E+01

6.00E+01

Maximum Beta Air Dose (mrad)| 1.50E-05 | 1.17E-03 | 3.02E-03

1.50E-05

4.22E-03

% Dose Limit! 5.01E-05 | 3.89E-03 | 1.01E-02

5.00E-05

7.04E-03

Limit for Organ Dose (mrem)
rom |-131, 1-133, Tritium and
particulate nuclides (>8 days

half-life)

2.25E+01 | 2.25E+01 | 2.25E+01

2.25E+01

4.50E+01

ODCM Critical Receptor| 4.25E-02 | 4.19E-02 | 4.26E-02
% Dose Limit| 1.89E-01 | 1.86E-01 | 1.90E-01

4.28E-02

1.70E-01

1.90E-01

3.77E-01

Limit for Organ Dose (mrem)
rom 1-131, [-133, Tritium, C-14
and particulate nuclides (>8 days

half-life)

2.25E+01 | 2.25E+01 | 2.25E+01

2,25E+01

4.50E+01

ODCM Critical Receptor] 9.53E-02 | 9.64E-02 | 9.75E-02
% Dose Limit| 4.24E-01 | 4.28E-01 | 4.33E-01

9.75E-02

3.87E-01

4.33E-01

8.60E-01

As a check on the use of conservative historical meteorological dispersion

(X/Q) and deposition values (D/Q), the 2015 gaseous release curies

(Tables 1C-1, 1C-2 and 1C-3) for each of the three units and the 2015
annual average dispersion and deposition data (Table 4) were used to
calculate doses to the critical receptors and pathways identified by the
2015 Land Use Census (LUC). The 2015 LUC did not identify any
gardens greater than 500 ft?; however, that pathway was included in the
dose analysis. Figure 7 provides a visual representation of site
meteorology and receptor locations in relation to the Salem-Hope Creek

site.
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Table 4 2015 Annual Average Undepleted X/Q, Depleted X/Q and
D/Q and Active Exposure Pathways

Receptor Location | Undepleted Depleted D/Q Active Exposure
X/Q X/IQ Pathways
HCGS SB, 2.1E-06 1.9E-06 1.3E-08 Plume immersion
: Ground deposition
0.5mi N Inhalation
SGS SB, 9.7E-07 8.6E-07 5.8E-09 Plume immersion
: Ground deposition
0.83mi N Inhalation
ODCM Dairy, 5.3E-08 4.0E-08 9.7E-11 Plume immersion
g Ground deposition
4.9mi W Inhalation
Milk ingestion
Resident, 1.6E-07 1.2E-7 5.8E-10 Plume immersion
. Ground Deposition
3.7mi NW Inhalation
Resident-Garden, 7.1E-08 5.4E-08 1.8E-10 Plume immersion
. Ground Deposition
4.4mi WSW Inhalation
Vegetable ingestion
Resident-Meat, 8.4E-06 6.4E-08 3.1E-10 Plume immersion
. Ground Deposition
4.2mi NNE Inhalation
Meat ingestion
Resident-Garden- 1.0E-07 7.6E-08 3.0E-10 Plume immersion

Meat,
4.6mi SW

Ground Deposition
Inhalation
Meat ingestion
Vegetable ingestion
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Nearest Resident

¢ .. ODCM Site Boundary North
AV
) "B

o ODCM Dairy

@ Resident Garden

Google earth
C

@ MeatGarden
3 Imagery Date: 7/9/2015 _39°27'43.01" N_75°32'10.09" W elev 5 ft _eye alt 51986 ft

Figure 7 Locations of Dose Calculation Receptors with 2015 Wind Rose Overlay
Note: Wind rose depicts fraction of time wind transports gaseous effluents towards each of the sixteen compass sectors.
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The total body and organ doses from gaseous effluent were calculated
using the GASPAR computer program included in the NRCDose computer
program package (version 2.3.20). The methods used to determine
gaseous doses were consistent with the methods described in Salem and
Hope Creek ODCMs and in Regulatory Guide 1.109.

Table 5 2015 Total Body and Critical Organ Doses at Real Receptor
. Locations Using the Annual Meteorological Dispersion and
Deposition Data with Gaseous Effluent Releases from Each
Generating Station

ODCM Site Boundary

0.5/0.8miN
Excluding Carbon-14 Including Carbon-14
Generating Organ Total Body Organ Total Body
Station (mrem) (mrem) (mrem) (mrem)

Salem Unit 1| 9.56E-03 9.54E-03 9.56E-03 9.54E-03
Salem Unit2 | 2.76E-03 2.74E-03 2.76E-03 2.74E-03
Hope Creek | 1.78E-02 1.34E-02 1.78E-02 1.34E-02

Site. Total 3.01E-02 2.57E-02 3.01E-02 2.57E-02

ODCM Dairy
49miW -
Excluding Carbon-14 Including Carbon-14
Generating Organ Total Body Organ Total Body
Station (mrem) (mrem) (mrem) (mrem)

Salem Unit1| 1.25E-03 1.25E-03 6.13E-02 1.44E-02
Salem Unit2 | 3.59E-04 3.59E-04 5.58E-02 1.23E-02

Hope Creek | 2.61E-03 6.26E-04 8.86E-02 1.96E-02
Site Total 4.22E-03 2.24E-03 2.06E-01 4.63E-02
Nearest Resident
3.7 mi NW
Generatin Excluding Carbon-14 Including Carbon-14
aung Organ Total Body Organ Total Body
Station

(mrem) (mrem) (mrem) (mrem)

Salem Unit1| 1.58E-03 1.57E-03 1.58E-03 1.57E-03
Salem Unit2 | 4.54E-04 4.52E-04 4.54E-04 4.52E-04
Hope Creek | 1.22E-03 9.16E-04 1.22E-03 9.16E-04

Site Total 3.25E-03 2.94E-03 3.25E-03 2.94E-03
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Table 5 2015 Total Body and Critical Organ Doses at Real Receptor
Locations Using the Annual Meteorological Dispersion and
Deposition Data with Gaseous Effluent Releases from Each
Generating Station (continued)

Nearest Resident + Garden
4.4 mi WSW
Generating Excluding Carbon-14 Including Carbon-14
Station Organ Total Body Organ Total Body
(mrem) (mrem) (mrem) (mrem)
Salem Unit1| 2.84E-03 2.84E-03 8.92E-02 2.07E-02
Salem Unit2 | 8.14E-04 8.13E-04 8.12E-02 1.71E-02
Hope Creek | 2.33E-03 1.37E-03 1.27E-01 2.68E-02
Site Total 5.98E-03 5.02E-03 2.97E-01 6.46E-02
Meat Animal
4.2 mi NNE
Excluding Carbon-14 Including Carbon-14
Generating Organ Total Body Organ Total Body
Station (mrem) (mrem) (mrem) (mrem)
Salem Unit1| 1.03E-03 1.03E-03 1.59E-02 4.07E-03
Salem Unit2 | 2.97E-04 2.96E-04 1.45E-02 3.15E-03
Hope Creek | 7.42E-04 5.80E-04 2.31E-02 5.12E-03
Site Total 2.07E-03 1.91E-03 5.35E-02 1.23E-02
Meat Animal + Garden
4.6 mi SW
Excluding Carbon-14 Including Carbon-14
Generating Organ Total Body Organ Total Body
Station (mrem) (mrem) (mrem) (mrem)
Salem Unit1| 4.18E-03 4.18E-03 1.45E-01 3.30E-02
Salem Unit2 | 1.20E-03 1.20E-03 1.31E-01 2.76E-02
Hope Creek | 3.63E-03 2.07E-03 2.09E-01 4.39E-02
Site Total 9.01E-03 7.45E-03 4.85E-01 1.05E-01

As set forth in 10CFR50 Appendix |, the estimated annual external
dose from gaseous effluent to any individual in an unrestricted area
should not exceed 5 mrem. In addition, the 10CFR50 Appendix |
ALARA requirement for gaseous effluent was met if a licensee
demonstrates that the estimated annual external dose from gaseous
effluent to any individual in unrestricted areas does not exceed 5 mrem
to the total body or 15 mrem to the skin. Compliance to these limits
was demonstrated for 2015 gaseous effluents by the calculated total
body and skin doses from external exposure pathways (i.e., plume and
ground deposition) at the controlling site boundary location in the north
sector. The calculated total body dose and skin dose from the
combined gaseous releases for the site represent less than 0.51%
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(Total Body) and less than 0.20% (Organ), of the respective dose limits
(Table 5 Site Boundary). This confirms that no single unit’s radioactive
gaseous effluent releases exceeded the Appendix | dose limits. These
doses (presented below) were calculated using the GASPAR computer
program, which was consistent with the methods described in
Regulatory Guide 1.109.

Dose Parameter . Annual Dose

Total Body Dose from Noble Gases, Particulates, 2 57E-02 mrem
Tritium and Carbon-14 — Site Boundary: '

Percent of Appendix | Annual Limit (5 mrem): 0.51%

Skin Dose from Noble Gases, Particulates, Tritium 3.01E-02 mrem
and Carbon-14 — Site Boundary: ' ‘

Percent of Appendix | Annual Limit (15 mrem): 0.20%

Population doses were not required to be calculated.

2. Total Dose Resulting from Radioactive Effluent Releases and
Radiation from Uranium Fuel Cycle Sources

An annual dose to a member of the public due to radioactive effluent
releases and all other uranium fuel cycle sources presented on site was
calculated as required by section 3.11.4 of the Salem and Hope Creek
ODCMs. This calculation was performed to demonstrate compliance with
radiation limits established in 40CFR190 and 10CFR72.104. The doses
from the gaseous and liquid radioactive effluents released from Salem Unit
1, Salem Unit 2 and Hope Creek in 2015 resulted in a calculated total body
and an organ dose as follows:

Table 6 2015 Total Body and Organ Dose due to Liquid and Gaseous
Effluents and Direct Shine ISFSI Dose

Generating Station Total Body Dose (mrem) | Critical Organ Dose (mrem | ISFS! (mrem)

Liquid Gaseous Liquid Gaseous
Salem Unit 1 2.38E-05 2.52E-02 3.28E-05 1.15E-01
Salem Unit 2 2.15E-05 2.16E-02 6.41E-05 1.05E-01

Hope Creek Unit 1 1.13E-04 3.35E-02 3.10E-04 1.67E-01

Total 1.568E-04 8.03E-02 4.07E-04 3.87E-01

Total of Liquid and
Gaseous

8.05E-02 3.87E-01 3.90E+00

* Includes Carbon-14 dose.

The Total Body and Critical Organ/Age Group doses for the site was 8.05E-
02 mrem and 3.87E-01 mrem, respectively to the maximum exposed
Member of the Public. The majority of the gaseous effluent dose was due to
Carbon-14. The direct shine dose from the ISFSI to a Member of the Public
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was conservatively estimated at 3.90E+00 mrem using the dosimetry results
of the Radiological Environmental Monitoring Program. The doses
calculated were below the limits of 40 CFR 190 and 10 CFR 72.104 or 25
mrem to the total body and critical organ other than the thyroid. :

3. Dose to Members of the Public Due to Activities inside the
Site Boundary

Dose to members of the public was limited to 100 mrem total effective dose
equivalent (TEDE) in a year in accordance with 10CFR20.1301. The dose
from radioactive liquid and gaseous effluents to a member of the public
performing activities inside the site boundary was calculated as required by
ODCM 6.9.1.8 (SGS) and 6.9.1.7 (HCGS). For the purpose of these dose
calculations, an adult member of the public was assumed to be a full-time
employee whose assigned duties do not involve exposure to radiation or to
radioactive material (i.e., an unmonitored employee working 2000 hours in a
year). The active exposure pathways to a member of the public inside the
site boundary were external exposure due to plume immersion and ground
deposition and inhalation of airborne radioactivity in gaseous effluent. The
onsite receptor was assumed to be located 0.11 miles SW from the gaseous
release points for Salem Units 1 and 2 and 0.17 miles SW from the Hope
Creek Generating Station. The GASPAR computer program was used to
calculate the doses. The atmospheric dispersion factors used in the dose
calculations were provided below.

Plant Undepleted Depleted D/Q
XQ XQ
Salem 3.1E-05 3.1E-05 1.3E-07
Hope Creek 1.5E-05 1.5E-05 7.2E-08

The calculated TEDE dose for 2015 reporting period was calculated using
the GASPAR program and summing the total body and highest organ
doses. The site TEDE dose and percent of the limit were: -

Parameter
TEDE Dose from radioactive gaseous effluents to
Member of the Public Inside Site Boundary (mrem)
% of 100 mrem Limit

2.24E-01
2.24E-01
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APPENDIX A -1

Effluent & Waste Disposal
Summary, Salem Unit 1
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TABLE 1A-1

LIQUID EFFLUENTS - SUMMATION OF ALL RELEASES

Facility: Salem Unit 1 Period: 2015
. . . . Est. Total

IA. Fission & Activation Products Unit Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4 Total Error %

by elease (notincluding tritium, gases & o, 1.44E-03 | 1.23E-04 | 1.27E-04 | 6.05E-03 | 7.74E-03 [2.70E+01 |

2. Average diluted concentration during period [uCi/ml 2.90E-12(2.33E-13|2.33E-13 | 1.15E-11 | 3.69E-12

3. Percent of applicable limit Total Body %

(ODCM 3.11.1(a) & (b)) Organ % See Table 2 on page 19

B. Tritium

1. Total Release Ci 4.43E+01|4.38E+01[1.81E+02|1.26E+02|3.95E+02|2.70E+01

2. Average diluted concentration during period [nCi/ml| 8.93E-08 | 8.32E-08 | 3.31E-07 | 2.39E-07 | 1.89E-07

3. Percent of applicable limit Total Body %

(ODCM 3.11.1(a) & (b)) Organ % See Table 2 on page 19

C. Dissolved & Entrained Gases ,

1. Total Release Ci <LLD [1.96E-06] <LLD |2.27E-05|2.47E-052.70E+01

2. Average diluted concentration during period |uCi/ml <LLD |[3.72E-15| <LLD [4.31E-14|1.18E-14

3. Percent of applicable limit o g y nal

(ODCM 3.11.1.1) % N/A |1.86E-09 N/A {2.15E-08|5.88E-09

D. Gross Alpha Activity

Total Release Ci <LLD <LLD <LLD <LLD <LLD [2.70E+01

= (}ff’u':g:‘e) Of Waste Released (prior Liters 8.24E-+07|8.26E+07|8.46E+07|8.83E+07|3.38E+08

F. yolume Of Dilution Water Used During | o1 4.96E+11(5.26E+11|5.46E+11(5.27E+11|2.10E+12
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TABLE 1B-1

LIQUID EFFLUENTS

Facility: Salem Unit 1 Period: 2015
Nuclides Continuous Mode Batch Mode
Released :

Unit] Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4 Total Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4 Total
H-3 Ci |7.67E-01|2.31E-01(4.78E-01|3.29E-01(1.81E+00}4.35E+01(4.36E+01|1.80E+02|1.26E+02|3.93E+02
Fission & Activation Products
Cr-51 Ci| <LLD [ <LLD | <LLD | <LLD | <LLD |1.26E-04 <LLD | <LLD ([2.22E-04|3.48E-04
Mn-54 Ci| <LLD | <LLD | <LLD | <LLD | <LLD [5.75E-06] <LLD (2.35E-07(3.65E-05]4.25E-05
Co-57 Ci | <LLD | <LLD | <LLD | <LLD | <LLD (4.78E-06| <LLD |1.44E-07| <LLD |]4.92E-06
Co-58 Ci| <LLD | <LLD | <LLD | <LLD | <LLD |8.27E-04|7.95E-056.08E-05(1.57E-032.54E-03
Co-60 Ci | <LLD <LLD <LLD <LLD <LLD [1.45E-04|4.08E-05|3.88E-05|6.73E-04|8.98E-04
Nb-95 Ci| <LLD | <LLD | <LLD | <LLD | <LLD |2.87E-05| <LLD | <LLD | <LLD |2.87E-05
Zr-95 Ci | <LLD <LLD <LLD <LLD <LLD [1.65E-05| <LLD <LLD <LLD |1.65E-05
Y-91m Ci | <LLD <LLD <LLD <LLD <LLD <LLD <LLD <LLD (4.64E-06|4.64E-06
Ru-105 Ci| <LLD | <LLD | <LLD | <LLD | <LLD | <LLD | <LLD | <LLD |[7.87E-05|7.87E-05
Ag-110m Ci| <LLD | <LLD | <LLD | <LLD | <LLD § <LLD | <LLD | <LLD |6.52E-06|6.52E-06
Sn-117m Ci| <LLD | <LLD | <LLD | <LLD | <LLD | <LLD | <LLD | <LLD (1.47E-05|1.47E-05
Sb-122 Ci| <LLD | <LLD | <LLD | <LLD | <LLD | <LLD | <LLD | <LLD [1.25E-05|1.25E-05
Sb-124 Gi | <LLD | <LLD | <LLD | <LLD | <LLD | <LLD | <LLD | <LLD ([5.19E-04|5.19E-04
Sb-125 Ci | <LLD | <LLD | <LLD | <LLD { <LLD [2.84E-04(2.26E-06(2.57E-06|2.58E-03|2.87E-03
Cs-134 Ci| <LLD | <LLD | <LLD | <LLD | <LLD | <LLD | <LLD ([3.42E-07(1.73E-05|1.76E-05
Cs-137 Ci| <LLD | <LLD | <LLD | <LLD | <LLD | <LLD | <LLD ([2.40E-05(2.17E-04|2.41E-04
La-142 Ci | <LLD | <LLD | <LLD | <LLD | <LLD | <LLD | <LLD { <LLD ([8.89E-05|8.89E-05
Total for Period | Ci | <LLD | <LLD | <LLD | <LLD | <LLD [|1.44E-03(1.23E-04|1.27E-04|6.05E-03||7.74E-03
Dissolved and Entrained Noble Gases
Xe-133 Ci| <LLD | <LLD | <LLD | <LLD | <LLD | <LLD | <LLD | <LLD |[2.27E-05)2.27E-05
Xe-135 : Ci| <LLD | <LLD | <LLD | <LLD | <LLD | <LLD |1.96E-06] <LLD | <LLD |1.96E-06
Total for Period Ci| <LLD | <LLD | <LLD | <LLD | <LLD || <LLD |1.96E-06| <LLD |2.27E-05]2.47E-05

Note: Only radionuclides with positive activity reported in this table.
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TABLE 2A-1

GASEOUS EFFLUENTS - SUMMATION OF ALL RELEASES

Facility: Salem Unit 1 Period: 2015
A. Fission & Activation Gases Unit Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4 Total E;rt;;o.:z’“
Total Release Ci 4.06E-02 | 6.86E-02 | 8.09E-02 | 1.18E-01 | 3.08E-01 | 3.400E+01
IAverage release rate for the period {uCi/sec 5.22E-03 | 8.72E-03 | 1.02E-02 | 1.48E-02 | 9.77E-03
Gamma Air %
Percent of limit (ODCM 3.11.2.2(a)) See Table 3 on page 20
Beta Air %

B. lodine
Total lodine — 131. Ci <LLD <LLD <LLD <LLD <LLD 3.00E+01
iAverage release rate for the period [1Ci/sec <LLD <LLD <LLD <LLD <LLD
Percent of limit (ODCM 3.11.2.3(a)) |% > * * * *
C. Particulates _
Particulates with half-lives > 8 days |Ci <LLD <LLD <LLD <LLD <LLD 3.00E+01
Average release rate for the period |uCi/sec <LLD <LLD <LLD <LLD <LLD
Percent of limit (ODCM 3.11.2.3(a)) [% * * * * *
Gross alpha radioactivity Ci <LLD <LLD <LLD <LLD <LLD
D. Tritium
Total Release Ci 2.11E+02 | 3.56E+01 | 7.10E+01 | 1.10E+02 | 4.28E+02 | 3.10E+01
IAverage release rate for the period |uCifsec 2.71E+01 | 4.52E+00 | 8.93E+Q0 | 1.39E+01 | 1.36E+01
Percent of limit (ODCM 3.11.2.3(a)) [% * * * * *
E. Carbon-14
Total Release Ci 2.75E+00 | 2.78E+00 | 2.81E+00 | 2.81E+00 | 1.12E+01 N/A®
IAverage release rate for the period [uCi/sec 3.54E-01 | 3.53E-01 | 3.54E-01 | 3.52E-01 | 3.55E-01
Percent of limit (ODCM 3.11.2.3(a)) |% * * * * *
F. I-131, I-133, H-3 & Particulates

> 8 day half-life
Percent of limit (ODCM 3.11.2.3(a)) |% See Table 3 on page 20
G. [-131, 1-133, H-3, Particulates >

8 day half-life & C-14
Percent of limit (ODCM 3.11.2.3(a)) |% See Table 3 on page 20

* lodine, Tritum, Carbon-14, and Particulates were treated as a group. Although listed
separately in the above table, the percent ODCM Limit is based on most limiting nuclide and
organ dose for the group (even in cases when a sub-group member was not identified in
effluent).

% It is not necessary to calculate uncertainties for C-14 or to include C-14 uncertainty in any
subsequent calculation of overall uncertainty. (Regulatory Guide 1.21 revision 2)
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TABLE 2C-1

GASEOUS EFFLUENTS — GROUND LEVEL RELEASES

Facility: Salem Unit 1 Period: 2015
Nuclides Unit Continuous Mode _ Batch Mode

Released

1.Fission gases Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4 Total Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4 Total
Ar-41 Ci | <LLD | <LLD | <LLD | <LLD | <LLD |3.60E-02(2.21E-02|1.95E-02|3.33E-02|1.11E-01
Xe-133 Ci | <LLD | <LLD | <LLD | <LLD | <LLD [4.51E-03|4.54E-02|5.95E-02|8.22E-02|1.92E-01
Xe-135 Ci | <LLD | <LLD | <LLD | <LLD | <LLD | <LLD |1.07E-03|1.88E-032.12E-03|5.07E-03
Total Ci | <LLD | <LLD | <LLD <LLD | <LLD 4.06E-02 | 6.86E-02 | 8.09E-02| 1.18E-01 | 3.08E-01
2. lodines ‘ ) ” A - ' - '
None

3. Particulates

None

4. Tritium Ci [2.10E+02|3.54E