—— En tef‘ Entergy Operations, Inc.
1448 S.R. 333
Russellville, AR 72802
Tel 479-858-4704

Stephenie L. Pyle
Manager, Regulatory Assurance
Arkansas Nuclear One

0CAN041602

April 28, 2015

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

SUBJECT: Annual Radioactive Effluent Release Report for 2015
Arkansas Nuclear One, Units 1 and 2
Docket No. 50-313 and 50-368
License No. DPR-51 and NPF-6

Dear Sir or Madam:

Arkansas Nuclear One, Units 1 and 2 (ANO-1 and ANO-2) Technical Specifications (TSs) 5.6.3

and 6.6.3, respectively, require the submittal of an Annual Radioactive Effluent Release Report

(ARERR). The information which fulfills this reporting requirement for ANO-1 and ANO-2 for the
2015 calendar year is enclosed.

ANO-1 TS 5.6.3 and ANO-2 TS 6.6.3 requires this report to be submitted prior to May 1 of each
year in accordance with 10 CFR 50.36a. 10 CFR 50.36a(a)(2) states that the interval between
submittals for this report must not exceed 12 months.

Liquid and gaseous release data show that the dose from both ANO-1 and ANO-2 was
considerably below the Offsite Dose Calculation Manual (ODCM) limits. The data reveals that
radioactive effluents had an overall minimal dose contribution to the surrounding environment.

Pursuant to ANO-1 TS 56.5.1 and TS 6.5.1, the latest revision of the ODCM is submitted as an
attachment to the enclosed ARERR. Only one revision to the ODCM occurred during the
reporting period which is summarized as follows:

Condition Reports CR-ANO-C-2014-0978, "Clarify 30 Day Reporting Criteria" and CR-ANO-
C-2014-1380, "Correct/Clarify Sample Locations" (Pages 62, 78, and 99 affected)

As noted in the ARERR, the Process Control Program, procedure EN-RW-105, was revised in
2015. A copy of the latest revision of this program is also attached, for information only.

No new commitments have been identified in this letter.
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If you have any questions or require additional information, please contact me.

Sincerely,

ORIGINAL SIGNED BY STEPHENIE L. PYLE

SLP/rwc

Enclosure: Annual Radioactive Effluent Release Report for 2015

Attachments: 1. Offsite Dose Calculation Manual
2. EN-RW-105, “Process Control Program”

cc: Mr. Marc L. Dapas
Regional Administrator
U. S. Nuclear Regulatory Commission
Region IV
1600 East Lamar Boulevard
Arlington, TX 76011-4511

NRC Senior Resident Inspector
Arkansas Nuclear One

P. O. Box 310

London, AR 72847

U. S. Nuclear Regulatory Commission
Attn: Mr. Stephen Koenick

MS O-8B1A

One White Flint North

11555 Rockville Pike

Rockville, MD 20852

Mr. Bernard R. Bevill

Arkansas Department of Health
Radiation Control Section

4815 West Markham Street

Slot #30

Little Rock, AR 72205
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ANO-1 & 2 Radioactive Effluent Release Report for 2015

1.  INTRODUCTION

Arkansas Nuclear One (ANO) is a two unit site consisting of a Babcock & Wilcox (Unit 1) and a
Combustion Engineering (Unit 2) nuclear steam supply system. Both liquid and gaseous
effluents are released in accordance with the Offsite Dose Calculation Manual (ODCM). This
report is a summary of the effluent data in accordance with Unit 1 Technical Specification

(TS) 5.6.3 and Unit 2 TS 6.6.3. This report provides the following information:

A. Routine radioactive effluent release reports covering the operation of the units during the
reporting period.

B. Description of unplanned releases to unrestricted areas.

C. Description of changes to the ODCM.
D. Description of changes to the Process Control Program (PCP).
E. Summary of radiation doses due to radiological effluents during the previous calendar year.

F. Radiation dose to members of the public due to activities inside the site boundary.

G. Description of licensee initiated major changes to the radioactive waste systems during the
previous calendar year.

H. Items to be reported in the Annual Radioactive Effluent Release Report (ARERR) per other
miscellaneous ODCM requirements.

I.  Applicable Radioactive Ground Water Monitoring Program data.

J.  ARERR data for 2015 Solid Waste Shipments.

K. Carbon-14 release quantification details are discussed in Section 18.
L. Analysis of 40 CFR 190 reporting limits

This report covers the period from January 1 through December 31, 2015.

2. REGULATORY LIMITS

The ODCM contains the limits to which ANO must adhere. Because of the "as low as
reasonably achievable" (ALARA) philosophy at ANO, actions are taken to reduce the amount of
radiation released to the environment. Liquid and gaseous release data show that the dose
from both Unit 1 and Unit 2 is considerably below the ODCM limits. This data reveals that the
radioactive effluents have an overall minimal dose contribution to the surrounding environment.
The following are the limits required by the ODCM:
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ANO-1 & 2 Radioactive Effluent Release Report for 2015

A. Gaseous Effluents

1.

Dose rate due to radioactive materials released in gaseous effluent to unrestricted
areas shall be limited to the following:

a. Noble gases

Less than or equal to 500 mrem/year to the total body

Less than or equal to 3000 mrem/year to the skin

b. lodine-131, tritium, and for all radionuclides in particulate form with half lives
greater than 8 days

Less than or equal to 1500 mrem/yr to any organ
Dose - Noble Gases
Quarterly

Less than or equal to 5 mrads gamma
Less than or equal to 10 mrads beta

Yearly

Less than or equal to 10 mrads gamma

Less than or equal to 20 mrads beta
Dose - lodine-131, Tritium, and Radionuclides in Particulate Form
Quarterly

Less than or equal to 7.5 mrem to any organ
Yearly

Less than or equal to 15 mrem to any organ

B. Liquid Effluents

1.

Concentration

The concentration of radioactive material released to the discharge canal shall be
limited to the concentration specified in 10 CFR 20, Appendix B, Table Il, Column 2,
for radionuclides other than dissolved or entrained noble gases. For dissolved or
entrained noble gases, the total concentration released shall be limited to

2E-4 microcuries/ml.
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ANO-1 & 2 Radioactive Effluent Release Report for 2015

2. Dose
Quarterly

Less than or equal to 1.5 mrem total body

Less than or equal to 5 mrem critical organ
Yearly

Less than or equal to 3 mrem total body
Less than or equal to 10 mrem critical organ

3. SUMMARY OF LIQUID EFFLUENT DATA

As required by Regulatory Guide 1.21, Revision 1, “Radioactivity in Solid Wastes and Releases
of Radioactive Materials in Liquid and Gaseous Effluents from Light-Water-Cooled Nuclear
Power Plants,” a summary of data for liquid releases is provided in the ARERR. The summary
of liquid effluents for both Unit 1 and Unit 2 is as follows:

Unit 1
Batch Continuous
Number of releases: 110 29
Total time for all releases (minutes): 20,500 227,000
Maximum time for a release (minutes): 1600 10,300
Average time for a release (minutes): 187 7,830
Minimum time for a release (minutes): 12 1,170
Unit 2
Batch Continuous
Number of releases: 32 1
Total time for all releases (minutes): 9,620 10,100
Maximum time for a release (minutes): 487 10,100
Average time for a release (minutes): 301 10,100
Minimum time for a release (minutes): 121 10,100

The Unit 1 liquid releases consisted of:

139 Planned Releases

0 Unplanned Releases
The Unit 2 liquid releases consisted of:

33 Planned Releases
0 Unplanned Releases
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ANO-1 & 2 Radioactive Effluent Release Report for 2015

ANNUAL SUMMATION FOR ALL RELEASES BY QUARTER
(ALL LIQUID EFFLUENTS)
January 1 through June 30, 2015

Type of Effluent

A. Fission and Activation Products

1.

Total Release (Not Including
Tritium, Gases, Alpha)

2. Average Diluted
Concentration During Period

3. Percent of Applicable Limit

B. Tritium

1. Total Release

2. Average Diluted
Concentration During Period

3. Percent of Applicable Limit

C. Dissolved and Entrained Gases

1.

2.

3.

Total Release

Average Diluted
Concentration During Period

Percent of Applicable Limit

D. Gross Alpha Radioactivity

1.

Total Release

E. Waste Vol Released (Pre-Dilution)

F. Volume of Dilution Water Used

Unit 1

Units

Curies

uCi/ml

%

Curies

uCi/ml

%

Curies

uCi/ml

%

Curies

Liters

Liters
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Quarter 1

4.446E-02

1.544E-10

5.146E-02

4.182E+01

1.452E-07

4.841E-03

2.578E-03

8.952E-12

4.476E-06

0.000E+00
1.013E+07

2.880E+11

Quarter 2

7.232E-03

2.072E-11

6.908E-03

2.427E+01

6.954E-08

2.318E-03

0.000E+00

0.000E+00

0.000E+00

0.000E+00
2.007E+06

3.490E+11

Est. Total
Error %

25

25

25

25
25

25



ANO-1 & 2 Radioactive Effluent Release Report for 2015

ANNUAL SUMMATION FOR ALL RELEASES BY QUARTER
(ALL LIQUID EFFLUENTS)
July 1 through December 31, 2015

Type of Effluent

A. Fission and Activation Products

1.

Total Release (Not Including
Tritium, Gases, Alpha)

2. Average Diluted
Concentration During Period

3. Percent of Applicable Limit

B. Tritium

1. Total Release

2. Average Diluted
Concentration During Period

3. Percent of Applicable Limit

C. Dissolved and Entrained Gases

1.

2.

3.

Total Release

Average Diluted
Concentration During Period

Percent of Applicable Limit

D. Gross Alpha Radioactivity

1.

Total Release

E. Waste Vol Released (Pre-Dilution)

F. Volume of Dilution Water Used

Unit 1

Units

Curies

uCi/ml

%

Curies

uCi/ml

%

Curies

uCi/ml

%

Curies

Liters

Liters
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Quarter 3

1.051E-02

2.811E-11

9.368E-03

7.681E+01

2.054E-07

6.845E-03

1.685E-03

4.506E-12

2.253E-06

0.000E+00
8.418E+06

3.740E+11

Quarter 4

2.328E-02

7.055E-11

2.352E-02

1.891E+02

5.729E-07

1.910E-02

1.071E-01

3.246E-10

1.623E-04

0.000E+00
2.200E+07

3.300E+11

Est. Total
Error %

25

25

25

25
25

25



REPORT CATEGORY:

TYPE OF ACTIVITY:
REPORTING PERIOD:

ANO-1 & 2 Radioactive Effluent Release Report for 2015

UNIT 1

ANNUAL LIQUID CONTINUOUS AND BATCH RELEASES
TOTALS FOR EACH NUCLIDE RELEASED

ALL RADIONUCLIDES
QUARTER # 1 AND QUARTER # 2 YEAR 2015

CONTINUOUS RELEASES

BATCH RELESES

NUCLIDE UNIT
QUARTER 1 QUARTER 2 QUARTER 1 QUARTER 2

AG-110M | CURIES 0.000E+00 0.000E+00 1.501E-03 2.993E-04
BE-7 CURIES 0.000E+00 0.000E+00 0.000E+00 2.135E-04
CO-58 CURIES 0.000E+00 0.000E+00 1.033E-02 1.262E-03
CO-60 CURIES 0.000E+00 0.000E+00 9.098E-03 2.625E-03
CR-51 CURIES 0.000E+00 0.000E+00 4.890E-03 8.432E-05
CS-134 CURIES 0.000E+00 0.000E+00 3.796E-05 0.000E+00
CS-137 CURIES 0.000E+00 0.000E+00 2.335E-03 1.295E-04
FE-55 CURIES 0.000E+00 0.000E+00 1.047E-03 2.024E-04
FE-59 CURIES 0.000E+00 0.000E+00 1.285E-04 1.021E-05
1-131 CURIES 0.000E+00 0.000E+00 6.485E-05 0.000E+00
[-133 CURIES 0.000E+00 0.000E+00 2.644E-05 0.000E+00
MN-54 CURIES 0.000E+00 0.000E+00 7.225E-04 2.305E-04
MO-99 CURIES 0.000E+00 0.000E+00 1.045E-04 4.995E-05
NA-24 CURIES 2.096E-04 2.433E-05 3.369E-04 2.288E-04
NB-95 CURIES 0.000E+00 0.000E+00 3.895E-03 7.025E-04
NB-97 CURIES 0.000E+00 0.000E+00 2.798E-05 0.000E+00
RU-105 CURIES 0.000E+00 0.000E+00 5.850E-05 9.482E-06
SB-124 CURIES 0.000E+00 0.000E+00 4.827E-03 2.836E-04
SB-125 CURIES 0.000E+00 0.000E+00 2.016E-03 4.570E-04
SE-75 CURIES 0.000E+00 0.000E+00 4.413E-04 0.000E+00
SR-92 CURIES 0.000E+00 0.000E+00 1.870E-05 0.000E+00
TC-99M CURIES 0.000E+00 0.000E+00 1.063E-04 5.079E-05
ZR-95 CURIES 0.000E+00 0.000E+00 2.095E-03 3.695E-04
W-187 CURIES 0.000E+00 0.000E+00 1.396E-04 0.000E+00
H-3 CURIES 2.206E-01 0.000E+00 4.160E+01 2.427E+01
XE-133 CURIES 0.000E+00 0.000E+00 2.578E-03 0.000E+00
TOTAL CURIES 2.208E-01 2.433E-05 4.165E+01 2.428E+01
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ANO-1 & 2 Radioactive Effluent Release Report for 2015

REPORT CATEGORY:

TYPE OF ACTIVITY:
REPORTING PERIOD:

UNIT 1

ANNUAL LIQUID CONTINUOUS AND BATCH RELEASES
TOTALS FOR EACH NUCLIDE RELEASED

ALL RADIONUCLIDES
QUARTER # 3 AND QUARTER # 4 YEAR 2015

CONTINUOUS RELEASES

BATCH RELEASES

NUCLIDE UNIT
QUARTER 3 QUARTER 4 QUARTER 3 QUARTER 4
AG-110M CURIES 0.000E+00 0.000E+00 4.125E-04 2.810E-04
BE-7 CURIES 0.000E+00 0.000E+00 1.050E-04 0.000E+00
CO-58 CURIES 0.000E+00 1.581E-03 1.465E-03 1.251E-03
CO-60 CURIES 0.000E+00 1.258E-03 4.838E-03 3.438E-03
CR-51 CURIES 0.000E+00 0.000E+00 0.000E+00 7.258E-05
CS-134 CURIES 0.000E+00 2.274E-03 1.752E-04 4.857E-04
CS-136 CURIES 0.000E+00 0.000E+00 0.000E+00 1.419E-05
CS-137 CURIES 0.000E+00 1.467E-03 1.559E-03 1.051E-03
1-131 CURIES 0.000E+00 6.050E-04 3.458E-05 9.400E-05
1-133 CURIES 0.000E+00 5.074E-04 0.000E+00 0.000E+00
1-134 CURIES 0.000E+00 0.000E+00 1.701E-05 0.000E+00
MN-54 CURIES 0.000E+00 1.115E-03 2.471E-04 1.486E-04
MO-99 CURIES 0.000E+00 3.415E-04 4.776E-05 0.000E+00
NA-24 CURIES 0.000E+00 4.571E-03 4.253E-04 4.932E-05
NB-95 CURIES 0.000E+00 7.025E-04 2.942E-04 3.464E-04
NB-97 CURIES 0.000E+00 0.000E+00 0.000E+00 1.941E-05
SB-124 CURIES 0.000E+00 0.000E+00 1.710E-04 1.130E-04
SB-125 CURIES 0.000E+00 0.000E+00 5.948E-04 4.479E-04
SR-85 CURIES 0.000E+00 0.000E+00 0.000E+00 1.007E-04
SR-92 CURIES 0.000E+00 0.000E+00 6.341E-06 4.154E-06
TC-99M CURIES 0.000E+00 3.476E-04 4.861E-05 0.000E+00
ZR-95 CURIES 0.000E+00 5.078E-04 6.985E-05 8.851E-05
H-3 CURIES 6.986E-02 1.703E+01 7.674E+01 1.720E+02
KR-85 CURIES 0.000E+00 0.000E+00 0.000E+00 2.322E-02
KR-88 CURIES 0.000E+00 0.000E+00 0.000E+00 2.273E-05
XE-131M CURIES 0.000E+00 0.000E+00 0.000E+00 1.144E-03
XE-133M CURIES 0.000E+00 0.000E+00 0.000E+00 5.438E-05
XE-133 CURIES 0.000E+00 2.780E-02 1.685E-03 5.485E-02
XE-135 CURIES 0.000E+00 0.000E+00 0.000E+00 1.790E-05
TOTAL CURIES 6.986E-02 1.707E+01 7.675E+01 1.721E+02
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ANO-1 & 2 Radioactive Effluent Release Report for 2015

ANNUAL SUMMATION FOR ALL RELEASES BY QUARTER
(ALL LIQUID EFFLUENTS)
January 1 through June 30, 2015

Type of Effluent

A

Fission and Activation Products

1. Total Release (Not Including
Tritium, Gases, Alpha)

2. Average Diluted
Concentration During Period

3. Percent of Applicable Limit

B. Tritium
1. Total Release
2. Average Diluted
Concentration During Period
3. Percent of Applicable Limit
C. Dissolved and Entrained Gases
1. Total Release
2. Average Diluted
Concentration During Period
3. Percent of Applicable Limit
D. Gross Alpha Radioactivity
1. Total Release
E. Waste Vol Released (Pre-Dilution)
F. Volume of Dilution Water Used

Unit 2

Units

Curies

uCi/ml

%

Curies

uCi/ml

%

Curies

uCi/ml

%

Curies

Liters

Liters
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Quarter 1

1.942E-05

6.745E-14

2.248E-05

9.717E+01

3.374E-07

1.125E-02

3.408E-04

1.183E-12

5.917E-07

0.000E+00

2.418E+05

2.880E+11

Quarter 2

3.822E-04

1.095E-12

3.651E-04

1.021E+02

2.926E-07

9.752E-03

1.845E-04

5.287E-13

2.644E-07

0.000E+00

3.998E+05

3.490E+11

Est. Total
Error %

25

25

25

25
25

25



ANO-1 & 2 Radioactive Effluent Release Report for 2015

ANNUAL SUMMATION FOR ALL RELEASES BY QUARTER
(ALL LIQUID EFFLUENTS)
July 1 through December 31, 2015

Type of Effluent

A. Fission and Activation Products

1.

Total Release (Not Including
Tritium, Gases, Alpha)

2. Average Diluted
Concentration During Period

3. Percent of Applicable Limit

B. Tritium

1. Total Release

2. Average Diluted
Concentration During Period

3. Percent of Applicable Limit

C. Dissolved and Entrained Gases

1.

2.

3.

Total Release

Average Diluted
Concentration During Period

Percent of Applicable Limit

D. Gross Alpha Radioactivity

1.

Total Release

E. Waste Vol Released (Pre-Dilution)

F. Volume of Dilution Water Used

Unit 2

Units

Curies

uCi/ml

%

Curies

uCi/ml

%

Curies

uCi/ml

%

Curies

Liters

Liters
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Quarter 3

3.830E-04

1.024E-12

3.414E-04

2.880E+02

7.699E-07

2.566E-02

7.560E-03

2.021E-11

1.011E-05

0.000E+00

1.049E+06

3.740E+11

Quarter 4

3.109E-03

9.422E-12

3.141E-03

9.506E+01

2.881E-07

9.602E-03

2.481E-04

7.518E-13

3.759E-07

0.000E+00

2.195E+06

3.300E+11

Est. Total
Error %

25

25

25

25
25

25



ANO-1 & 2 Radioactive Effluent Release Report for 2015

UNIT 2

REPORT CATEGORY: ANNUAL LIQUID CONTINUOUS AND BATCH RELEASES

TOTALS FOR EACH NUCLIDE RELEASED
ALL RADIONUCLIDES
QUARTER # 1 AND QUARTER # 2 YEAR 2015

TYPE OF ACTIVITY:
REPORTING PERIOD:

NUCLIDE UNIT CONTINUOUS RELEASES BATCH RELEASES
QUARTER 1 QUARTER 2 | QUARTER 1 | QUARTER 2

CO-58 CURIES 0.000E+00 0.000E+00 3.417E-06 3.049E-06
CO-60 CURIES 0.000E+00 0.000E+00 2.614E-06 6.850E-06
CS-137 CURIES 0.000E+00 0.000E+00 0.000E+00 4.780E-06
FE-55 CURIES 0.000E+00 0.000E+00 0.000E+00 3.477E-04
SB-125 CURIES 0.000E+00 0.000E+00 1.339E-05 1.988E-05
H-3 CURIES 0.000E+00 0.000E+00 9.717E+01 1.021E+02
XE-133 CURIES 0.000E+00 0.000E+00 3.408E-04 1.809E-04
XE-135 CURIES 0.000E+00 0.000E+00 0.000E+00 3.620E-06
TOTAL CURIES 0.000E+00 0.000E+00 9.717E+01 1.021E+02
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ANO-1 & 2 Radioactive Effluent Release Report for 2015

UNIT 2

REPORT CATEGORY: ANNUAL LIQUID CONTINUOUS AND BATCH RELEASES
TOTALS FOR EACH NUCLIDE RELEASED

ALL RADIONUCLIDES
QUARTER # 3 AND QUARTER # 4 YEAR 2015

TYPE OF ACTIVITY:
REPORTING PERIOD:

NUCLIDE UNIT CONTINUOUS RELEASES BATCH RELEASES
QUARTER 3 | QUARTER4 | QUARTER 3 | QUARTER 4

AG-110M CURIES 0.000E+00 0.000E+00 0.000E+00 1.245E-05
CO-58 CURIES 0.000E+00 0.000E+00 3.405E-05 5.821E-04
CO-60 CURIES 0.000E+00 0.000E+00 1.521E-05 1.644E-04
CR-51 CURIES 0.000E+00 0.000E+00 0.000E+00 3.979E-04
CS-134 CURIES 0.000E+00 0.000E+00 0.000E+00 1.542E-05
CS-137 CURIES 0.000E+00 0.000E+00 2.865E-05 2.806E-04
FE-59 CURIES 0.000E+00 0.000E+00 0.000E+00 1.013E-04
1-131 CURIES 0.000E+00 0.000E+00 2.666E-05 0.000E+00
MN-54 CURIES 0.000E+00 0.000E+00 0.000E+00 4.923E-06
NB-95 CURIES 0.000E+00 0.000E+00 2.560E-06 7.848E-05
NB-97 CURIES 0.000E+00 0.000E+00 0.000E+00 4.398E-06
RU-105 CURIES 0.000E+00 0.000E+00 0.000E+00 3.018E-05
SB-124 CURIES 0.000E+00 0.000E+00 2.344E-05 3.446E-04
SB-125 CURIES 0.000E+00 0.000E+00 2.316E-04 1.072E-03
Y-91M CURIES 0.000E+00 0.000E+00 2.085E-05 0.000E+00
ZR-95 CURIES 0.000E+00 0.000E+00 0.000E+00 1.989E-05
H-3 CURIES 0.000E+00 5.615E-03 2.880E+02 9.506E+01
XE-133 CURIES 0.000E+00 0.000E+00 7.417E-03 2.481E-04
XE-133M CURIES 0.000E+00 0.000E+00 6.221E-05 0.000E+00
XE-135 CURIES 0.000E+00 0.000E+00 8.051E-05 0.000E+00
TOTAL CURIES 0.000E+00 5.615E-03 2.880E+02 9.506E+01
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ANO-1 & 2 Radioactive Effluent Release Report for 2015

4. SUMMARY OF GASEOUS EFFLUENT DATA

As required by Regulatory Guide 1.21, Revision 1, a summary of data for gaseous releases is
provided in the ARERR. The summary of gaseous effluents for both Unit 1 and Unit 2 is as
follows:

Unit 1 Unit 2
Number of releases: 103 136
Total time for all releases (minutes): 783,000 1,040,000
Maximum time for a release (minutes): 10,600 10,900
Average time for a release (minutes): 7600 7680
Minimum time for a release (minutes): 63 15

The Unit 1 gaseous releases consisted of:

103 Planned vent and tank releases

1 Unplanned releases

The Unit 2 gaseous releases consisted of:

136 Planned vent and tank releases

1 Unplanned releases
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ANO-1 & 2 Radioactive Effluent Release Report for 2015

ANNUAL SUMMATION FOR ALL RELEASES BY QUARTER
(ALL AIRBORNE EFFLUENTS)
January 1 through June 30, 2015

Unit 1
Type of Effluent Units
A. Fission and Activation Products
1. Total Release Curies
2. Average Release Rate for ,
Periodg uCiSec
3. Percent of Applicable Limit %
B. Radioiodines
1. Total lodine-131 Curies
2. Average Release Rate for .
Period9 uCiSec
3. Percent of Applicable Limit %
C. Particulates
1. Particulates (Half-Lives > 8 Days) Curies
2. Average Release Rate for .
Periodg uCirSec
3. Percent of Applicable Limit %
4. Gross Alpha Radioactivity Curies
D. Tritium
1. Total Release Curies
2. Average Release Rate for :
Period uCirSec
3. Percent of Applicable Limit %
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Quarter 1

7.860E-04

9.969E-05

1.395E-06

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

1.858E-07

6.540E+00

8.296E-01

1.162E-03

Quarter 2

2.030E-03

2.574E-04

3.603E-06

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

3.653E-08

4.062E+00

5.152E-01

7.215E-04

Est. Total
Error %

25

25

25

25



ANO-1 & 2 Radioactive Effluent Release Report for 2015

ANNUAL SUMMATION FOR ALL RELEASES BY QUARTER
(ALL AIRBORNE EFFLUENTS)
July 1 through December 31, 2015

Unit 1
Type of Effluent Units
A. Fission and Activation Products
1. Total Release Curies
2. Average Release Rate for .
Period uCi/Sec
3. Percent of Applicable Limit %
B. Radioiodines
1. Total lodine-131 Curies
2. Average Release Rate for :
Period uCirSec
3. Percent of Applicable Limit %
C. Particulates
1. Particulates (half-lives > 8 days)  Curies
2. Average Release Rate for .
Period uCirSec
3. Percent of Applicable Limit %
4. Gross Alpha Radioactivity Curies
D. Tritium
1. Total Release Curies
2. Average Release Rate for :
Period uCirSec
3. Percent of Applicable Limit %
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Quarter 3

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

3.494E+00

4.431E-01

6.206E-04

Quarter 4

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

2.978E+00

3.777E-01

5.290E-04

Est. Total
Error %

25

25

25

25



ANO-1 & 2 Radioactive Effluent Release Report for 2015

UNIT 1

REPORT CATEGORY: ANNUAL AIRBORNE GROUND LEVEL

CONTINUOUS AND BATCH RELEASES
TOTALS FOR EACH NUCLIDE RELEASED

FISSION GASES, IODINES, AND PARTICULATES
QUARTER # 1 AND QUARTER # 2 YEAR 2015

TYPE OF ACTIVITY:
REPORTING PERIOD:

NUCLIDE UNIT CONTINUOUS RELEASES BATCH RELEASES
QUARTER1 | QUARTER2 | QUARTER1 | QUARTER 2

Fission Gases

XE-133 CURIES 0.000E+00 0.000E+00 7.860E-04 1.922E-03

XE-135 CURIES 0.000E+00 0.000E+00 0.000E+00 1.072E-04

;Ztr?ééor CURIES 0.000E+00 0.000E+00 7.860E-04 2.029E-03

lodines

NONE CURIES 0.000E+00 0.000E+00 0.000E+00 0.000E+00

If,gtr?(')(‘;or CURIES 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Particulates

NONE CURIES 0.000E+00 0.000E+00 0.000E+00 0.000E+00

fotal for CURIES | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00

Other

H-3 CURIES 0.000E+00 0.000E+00 6.540E+00 4.062E+00

G-ALPHA CURIES 0.000E+00 0.000E+00 1.858E-07 3.653E-08

;Ztr?c'x‘;or CURIES 0.000E+00 0.000E+00 6.540E+00 4.062E+00
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ANO-1 & 2 Radioactive Effluent Release Report for 2015

UNIT 1

REPORT CATEGORY: ANNUAL AIRBORNE GROUND LEVEL
CONTINUOUS AND BATCH RELEASES
TOTALS FOR EACH NUCLIDE RELEASED

TYPE OF ACTIVITY: FISSION GASES, IODINES, AND PARTICULATES
REPORTING PERIOD: QUARTER # 3 AND QUARTER # 4 YEAR 2015

CONTINUOUS RELEASES BATCH RELEASES
NUCLIDE UNIT

QUARTER 3 | QUARTER4 | QUARTER3 | QUARTER 4
Fission Gases
NONE CURIES 0.000E+00 0.000E+00 0.000E+00 0.000E+00
;Ztr?ééor CURIES 0.000E+00 0.000E+00 0.000E+00 0.000E+00
lodines
NONE CURIES 0.000E+00 0.000E+00 0.000E+00 0.000E+00
g‘étr‘;"(')(‘;or CURIES 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Particulates
NONE CURIES 0.000E+00 0.000E+00 0.000E+00 0.000E+00
;Ztr?é(‘;or CURIES 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Other
H-3 CURIES 0.000E+00 0.000E+00 3.494E+00 2.978E+00
G-ALPHA CURIES 0.000E+00 0.000E+00 0.000E+00 0.000E+00
gztr?(léor CURIES 0.000E+00 0.000E+00 3.494E+00 2.978E+00
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ANO-1 & 2 Radioactive Effluent Release Report for 2015

ANNUAL SUMMATION FOR ALL RELEASES BY QUARTER
(ALL AIRBORNE EFFLUENTS)
January 1 through June 30, 2015

Unit 2
Type of Effluent Units
A. Fission and Activation Products
1. Total Release Curies
2. Average Release Rate for .
Period uCi/Sec
3. Percent of Applicable Limit %
B. Radioiodines
1. Total lodine-131 Curies
2. Average Release Rate for :
Period uCirSec
3. Percent of Applicable Limit %
C. Particulates
1. Particulates (half-lives > 8 days)  Curies
2. Average Release Rate for .
Period uCirSec
3. Percent of Applicable Limit %
4. Gross Alpha Radioactivity Curies
D. Tritium
1. Total Release Curies
2. Average Release Rate for :
Period uCirSec
3. Percent of Applicable Limit %
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Quarter 1

1.543E+00

1.958E-01

2.740E-03

0.000E+00

0.000E+00

0.000E+00

7.192E-07

9.123E-08

2.607E-07

2.643E-07

4.027E+00

5.108E-01

7.154E-04

Quarter 2

7.307E+00

9.268E-01

1.297E-02

0.000E+00

0.000E+00

0.000E+00

0.00E+00

0.00E+00

0.00E+00

1.545E-07

1.031E+01

1.308E-00

1.832E-03

Est. Total
Error %

25

25

25

25



ANO-1 & 2 Radioactive Effluent Release Report for 2015

ANNUAL SUMMATION FOR ALL RELEASES BY QUARTER
(ALL AIRBORNE EFFLUENTS)
July 1 through December 31, 2015

Unit 2
Type of Effluent Units
A. Fission and Activation Products
1. Total Release Curies
2. Average Release Rate for .
Period uCi/Sec
3. Percent of Applicable Limit %
B. Radioiodines
1. Total lodine-131 Curies
2. Average Release Rate for :
Period uCirSec
3. Percent of Applicable Limit %
C. Particulates
1. Particulates (half-lives > 8 days)  Curies
2. Average Release Rate for .
Period uCirSec
3. Percent of Applicable Limit %
4. Gross Alpha Radioactivity Curies
D. Tritium
1. Total Release Curies
2. Average Release Rate for :
Period uCirSec
3. Percent of Applicable Limit %
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Quarter 3

7.505E+01

9.519E+00

1.332E-01

1.398E-06

1.773E-07

5.066E-07

0.000E+00

0.000E+00

0.000E+00

0.000E+00

1.114E+01

1.413E+00

1.979E-03

Quarter 4

3.597E+00

4.562E-01

6.385E-03

4.239E-07

5.376E-08

1.536E-07

0.000E+00

0.000E+00

0.000E+00

0.000E+00

1.133E+01

1.437E+00

2.013E-03

Est. Total
Error %

25

25

25

25



ANO-1 & 2 Radioactive Effluent Release Report for 2015

REPORT CATEGORY:

TYPE OF ACTIVITY:
REPORTING PERIOD:

UNIT 2

ANNUAL AIRBORNE GROUND LEVEL
CONTINUOUS AND BATCH RELEASES
TOTALS FOR EACH NUCLIDE RELEASED

FISSION GASES, IODINES, AND PARTICULATES
QUARTER # 1 AND QUARTER # 2 YEAR 2015

CONTINUOUS RELEASES

BATCH RELEASES

NUCLIDE UNIT QUARTER1 | QUARTER2 | QUARTER1 | QUARTER 2
Fission Gases

AR-41 CURIES 0.000E+00 | 0.000E+00 | 1.543E+00 | 7.307E+00
;Ztr?c'x‘;or CURIES 0.000E+00 | 0.000E+00 | 1.543E+00 | 7.307E+00
lodines

NONE CURIES 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00
;Ztr?é(‘;or CURIES 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00
Particulates

CO-60 CURIES 0.000E+00 | 0.000E+00 7.192E-07 | 0.000E+00
;Ztr?ééor CURIES 0.000E+00 | 0.000E+00 7.192E-07 0.000E+00
Other

G-ALPHA CURIES 0.000E+00 | 0.000E+00 | 2.643E-07 1.545E-07
H-3 CURIES 0.000E+00 | O0.000E+00 | 4.027E+00 | 1.031E+01
g‘étr‘;"(')(‘;or CURIES 0.000E+00 | O0.000E+00 | 4.027E+00 | 1.031E+01
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ANO-1 & 2 Radioactive Effluent Release Report for 2015

REPORT CATEGORY:

TYPE OF ACTIVITY:
REPORTING PERIOD:

UNIT 2

ANNUAL AIRBORNE GROUND LEVEL
CONTINUOUS AND BATCH RELEASES
TOTALS FOR EACH NUCLIDE RELEASED

FISSION GASES, IODINES, AND PARTICULATES

QUARTER # 3 AND QUARTER # 4 YEAR 2015

CONTINUOUS RELEASES

BATCH RELEASES

NUCLIDE UNIT
QUARTER 3 | QUARTER 4 | QUARTER 3 | QUARTER 4

Fission Gases

AR-41 CURIES 0.000E+00 0.000E+00 7.501E+01 3.597E+00

XE-133 CURIES 0.000E+00 0.000E+00 3.670E-02 0.000E+00

;Ztr?c')gor CURIES 0.000E+00 0.000E+00 7.505E+01 3.597E+00

lodines

1-131 CURIES 0.000E+00 0.000E+00 1.399E-06 4.239E-07

l‘étr?(')(‘;or CURIES 0.000E+00 0.000E+00 1.399E-06 4.239E-07

Particulates

NONE CURIES 0.000E+00 0.000E+00 0.000E+00 0.000E+00

;Ztr?é(‘;or CURIES | 0.000E+00 | 0.000E+00 | 0.000E+00 | 0.000E+00

Other

G-ALPHA CURIES 0.000E+00 0.000E+00 0.000E+00 0.000E+00

H-3 CURIES 0.000E+00 0.000E+00 1.114E+01 1.133E+01

;Ztr?c'x‘;or CURIES 0.000E+00 0.000E+00 1.114E+01 1.133E+01
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ANO-1 & 2 Radioactive Effluent Release Report for 2015

5. SUMMARY OF RADIATION DOSES

The following is a summary of the annual radiation doses due to radiological effluents during 2015 calculated in accordance with the
ODCM.

UNIT 1

Liguid Radwaste Effluents

Dose Limits (mRem): Total Body = 1.5/Qtr 3/Yr, Other Organs = 5/Qtr 10/Yr

Organ Qtr1 % Qtr 2 % Qtr 3 % Qtr 4 % Year %

TBody 1.462E-3 9.749E-2 1.102E-4 7.348E-3 8.678E-4 5.785E-2 3.489E-3 2.326E-1 5.930E-3 1.977E-1
Bone 1.465E-3 2.930E-2 6.865E-5 1.373E-3 7.630E-4 1.526E-2 2.307E-3 4.613E-2 4.603E-3 4.603E-2
Liver 2.142E-3 4.284E-2 1.413E-4 2.825E-3 1.220E-3 2.441E-2 4.550E-3 9.100E-2 8.054E-3 8.054E-2
Thyroid 1.088E-4 2.176E-3 3.682E-5 7.364E-4 1.167E-4 2.333E-3 6.480E-4 1.296E-2 9.103E-4 9.103E-3
Kidney 7.640E-4 1.528E-2 6.996E-5 1.399E-3 4.769E-4 9.538E-3 1.692E-3 3.385E-2 3.003E-3 3.003E-2

Lung 3.040E-4 6.080E-3 4.756E-5 9.512E-4 2.264E-4 4.527E-3 7.495E-4 1.499E-2 1.327E-3 1.327E-2
GI-LL 9.567E-4 1.913E-2 1.579E-4 3.158E-3 1.984E-4 3.968E-3 6.259E-4 1.252E-2 1.939E-3 1.939E-2
Skin 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0
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ANO-1 & 2 Radioactive Effluent Release Report for 2015

Gaseous Radwaste Effluents

lodine, H-3, and Particulate (ITP) - Dose Limits (mRem) = 7.5/Qtr 15/Yr

Organ Qtr1 % Qtr 2 % Qtr3 % Qtr4 % Year %

TBody  2.877E-2 3.836E-1 1.787E-2 2.382E-1 1.537E-2 2.049E-1 1.310E-2 1.747E-1 7.510E-2  5.007E-1
Bone 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0
Liver 2.877E-2 3.836E-1 1.787E-2 2.382E-1 1.537E-2 2.049E-1 1.310E-2 1.747E-1 7.510E-2  5.007E-1
Thyroid  2.877E-2 3.836E-1 1.787E-2 2.382E-1 1.537E-2 2.049E-1 1.310E-2 1.747E-1 7.510E-2  5.007E-1
Kidney — 2.877E-2 3.836E-1 1.787E-2 2.382E-1 1.537E-2 2.049E-1 1.310E-2 1.747E-1 7.510E-2 5.007E-1

Lung 2.877E-2 3.836E-1 1.787E-2 2.382E-1 1.537E-2 2.049E-1 1.310E-2 1.747E-1 7.510E-2 5.007E-1
GI-LLI 2.877E-2 3.836E-1 1.787E-2 2.382E-1 1.537E-2 2.049E-1 1.310E-2 1.747E-1 7.510E-2 5.007E-1
Skin 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0

Noble Gas Air Dose Limits (mRad) = Gamma 5/Qtr 10/Yr, Beta 10/Qtr 20/Yr

Type Qtr 1 % Qtr 2 % Qtr 3 % Qtr 4 % Year %
Gamma 1.760E-7 3.52E-6 5.610E-7 1.12E-5 0.000E+0 0.00E+0 0.000E+0 0.00E+0 7.370E-7 7.37E-6
Beta 5.230E-7 5.23E-6 1.450E-6 1.45E-5 O0.000E+0 O0.00E+0O 0.000E+0 0.00E+0 1.970E-6 9.85E-6
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Liquid Radwaste Effluents

ANO-1 & 2 Radioactive Effluent Release Report for 2015

UNIT 2

Dose Limits (mRem): Total Body = 1.5/Qtr 3/Yr, Other Organs = 5/Qtr 10/Yr

Organ
TBody

Bone
Liver
Thyroid
Kidney
Lung
GI-LL
Skin

Qtr1
1.751E-4
0.000E+0
1.750E-4
1.750E-4
1.750E-4
1.750E-4
1.751E-4

0.000E+0

%
1.167E-2
0.000E+0
3.501E-3
3.501E-3
3.501E-3
3.501E-3
3.502E-3

0.000E+0

Qtr2
1.618E-4
3.953E-6
1.637E-4
1.594E-4
1.605E-4
1.603E-4
1.601E-4

0.000E+0

%
1.079E-2
7.907E-5
3.274E-3
3.187E-3
3.209E-3
3.207E-3
3.202E-3

0.000E+0

Qtr 3 %
3.934E-4 2.623E-2
1.287E-5 2.574E-4
3.994E-4 7.989E-3
3.928E-4 7.856E-3
3.878E-4 7.756E-3
3.838E-4 7.676E-3
3.828E-4 7.656E-3

0.000E+0 0.000E+0
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Qtr 4
2.624E-4
1.407E-4
3.286E-4
1.292E-4
1.960E-4
1.518E-4
1.535E-4

0.000E+0

%
1.750E-2
2.813E-3
6.573E-3
2.585E-3
3.920E-3
3.037E-3
3.070E-3

0.000E+0

Year
9.927E-4
1.575E-4
1.067E-3
8.564E-4
9.193E-4
8.710E-4
8.715E-4

0.000E+0

%
3.309E-2
1.575E-3
1.067E-2
8.564E-3
9.193E-3
8.710E-3
8.715E-3

0.000E+0



Gaseous Radwaste Effluents

ANO-1 & 2 Radioactive Effluent Release Report for 2015

lodine, H-3, and Particulate (ITP) - Dose Limits (mRem) = 7.5/Qtr 15/Yr

Organ
TBody

Bone
Liver
Thyroid
Kidney
Lung
GI-LLI

Skin

Qtr1 %
1.773E-2 2.363E-1
1.191E-5 1.588E-4
1.773E-2 2.363E-1
1.773E-2 2.363E-1
1.773E-2 2.363E-1
1.773E-2 2.364E-1
1.773E-2 2.364E-1

1.402E-5 1.869E-4

Qtr2
4.537E-2
0.000E+0
4.537E-2
4.537E-2
4.537E-2
4.537E-2
4.537E-2

0.000E+0

% Qtr3 %
6.049E-1 4.901E-2 6.534E-1
0.000E+0 1.164E-6 1.551E-5
6.049E-1 4.901E-2 6.534E-1
6.049E-1 4.939E-2 6.585E-1
6.049E-1 4.901E-2 6.534E-1
6.049E-1 4.901E-2 6.534E-1
6.049E-1 4.901E-2 6.534E-1

0.000E+0 2.250E-8 3.000E-7

Noble Gas Air Dose Limits (mRad) = Gamma 5/Qtr 10/Yr, Beta 10/Qtr 20/Yr

Type
Gamma
Beta

Qtr 1 %
9.100E-3  1.820E-1
3.210E-3 3.210E-2

Qtr 2
4.310E-2
1.520E-2

% Qtr 3 %
8.620E-1 4.420E-1 8.840E+0
1.520E-1 1.560E-1 1.560E+0

Page 25 of 82

Qtr 4
4.983E-2
3.528E-7
4.983E-2
4.995E-2
4.983E-2
4.983E-2
4.983E-2

6.822E-9

Qtr 4
2.120E-2
7.480E-3

%
6.644E-1
4.705E-6
6.644E-1
6.660E-1
6.644E-1
6.644E-1
6.644E-1

9.095E-8

%
4.240E-1
7.480E-2

Year
1.619E-1
1.343E-5
1.619E-1
1.624E-1
1.619E-1
1.619E-1
1.619E-1

1.404E-5

Year
5.160E-1
1.820E-1

%
1.080E+0
8.953E-5
1.080E+0
1.083E+0
1.080E+0
1.080E+0
1.080E+0

9.363E-5

%
5.160E+0
9.100E-1



6. SUMMARY OF DOSE TO MEMBERS OF THE PUBLIC

ANO-1 & 2 Radioactive Effluent Release Report for 2015

The following is a summary of the annual radiation dose to members of the public (in mrem) due to activities inside the site boundary.

UNIT 1

Gaseous Effluent

lodine/Tritium
Particulate

Noble Gas

Liquid Effluent
Fish

Sediment

Unit 1 Total

UNIT 2

Gaseous Effluent

lodine/Tritium
Particulate

Noble Gas

Liquid Effluent
Fish

Sediment

Unit 2 Total

Site Total

Limit (40CFR190)

% Limit

0.000E+00

4.603E-03

4.603E-03

1.343E-05

1.575E-04

1.709E-04

4.774E-03

25

1.910E-02

7.510E-02

8.054E-03

8.32E-02

1.619E-01

1.067E-03

1.630E-01

2.462E-01

25

9.848E-01

TBODY THYROID KIDNEY
7.510E-02 7.510E-02 7.510E-02
4.400E-07
5.930E-03 9.103E-04 3.003E-03
6.132E-04
8.164E-02 7.601E-02 7.810E-02
1.619E-01 1.624E-01 1.619E-01
3.43E-01
9.927E-04 8.564E-04 9.193E-04
8.400E-06
5.059E-01 1.633E-01 1.628E-01
5.875E-01 2.393E-01 2.409E-01

75 25 25
7.834E-01 9.572E-01 9.636E-01
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7.510E-02

1.939E-03

7.704E-02

1.619E-01

8.715E-04

1.628E-01
2.398E-01
25

9.594E-01

7.510E-02

1.327E-03

7.643E-02

1.619E-01

8.710E-04

1.628E-01

2.392E-01

25

9.569E-01

0.000E+00

1.220E-06

0.000E+00
7.203E-04

7.215E-04

1.404E-05

5.50E-01

0.000E+00
9.845E-06

5.500E-01

5.507E-01

25

2.203E+00



ANO-1 & 2 Radioactive Effluent Release Report for 2015

7. HISTORICAL EFFLUENT DATA

The following graphs show the historical release data for both units on a yearly basis. These
graphs compare data from 2005 through 2015.

UNIT 1 LIQUID EFFLUENTS
FISSION AND ACTIVATION PRODUCTS

1.00E+00 |

RIES

-]
1.00E-01

1.00E-02 H H [

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
YEAR

UNIT 1 LIQUID EFFLUENTS
TRITIUM

1.00E+03

CURIES
|
|
|

1.00E+02

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
YEAR
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CURIES

GALLONS

1.00E+02

1.00E+01

1.00E+00

1.00E-01

1.00E-02

1.00E-03

1.00E-04

1.00E-05

1.00E-06

1.00E+09

1.00E+08

1.00E+07

1.00E+06
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8. SOLID WASTE SUMMARY

As required by Regulatory Guide 1.21, Revision 1, a summary of data for solid wastes shipped
offsite is provided in the Annual Radioactive Effluent Release Report (ARERR).

The summary for solid waste shipments for Unit 1 is as follows:

Solid Waste Shipped Offsite for Disposal and Estimates of Major Nuclides by Waste Class and
Stream For Unit 1 During Period From 01/01/2015 to 06/30/2015

Waste Stream: Resins, Filters and Evaporator Bottom
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 1.71E+03 4.84E+01 3.06E-02 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 1.71E+03 4.84E+01 3.06E-02 +25%

Waste Stream: Dry Active Waste

Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Irradiated Components
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
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Waste Stream: Other Wastes
Volume
Waste Class Ft M3
A 0.00E+00 0.00E+00
B 0.00E+00 0.00E+00
C 0.00E+00 0.00E+00
All 0.00E+00 0.00E+00
Waste Stream: Sum of All 4 Categories
Volume
Waste Class Ft M3
A 1.71E+03 4.84E+01
B 0.00E+00 0.00E+00
C 0.00E+00 0.00E+00
All 1.71E+03 4.84E+01

Number of Shipments Mode of Transportation

Curies Shipped

0.00E+00
0.00E+00
0.00E+00

0.00E+00

Curies Shipped

3 Hittman Transport

Resins, Filters and Evaporator Bottoms

% Error (Ci

+25%
+25%
+25%

+25%

% Error (Ci)

3.06E-02 +25%
0.00E+00 +25%
0.00E+00 +25%
3.06E-02 +25%
Destination

Gallaher Rd Operations

Waste Class A

Nuclide Name

H-3
C-14
Co-60
Tc-99
[-129
Cs-137

Percent Abundance

0.98%
29.42%
0.00%
42.73%
26.35%
0.52%
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ANO-1 & 2 Radioactive Effluent Release Report for 2015

Resins, Filters and Evaporator Bottoms Waste Class ALL

Nuclide Name Percent Abundance Curies
H-3 0.98% 5.72E-02
C-14 29.42% 1.72E+00
Co-60 0.00% 2.62E-04
Tc-99 42.73% 2.50E+00
1-129 26.35% 1.54E+00
Cs-137 0.52% 3.03E-02

Sum of All 4 Categories Waste Class A

Nuclide Name Percent Abundance Curies
H-3 0.98% 5.72E-02
C-14 29.42% 1.72E+00
Co-60 0.00% 2.62E-04
Tc-99 42.73% 2.50E+00
[-129 26.35% 1.54E+00
Cs-137 0.52% 3.03E-02

Sum of All 4 Categories Waste Class All

Nuclide Name Percent Abundance Curies
H-3 0.98% 5.72E-02
C-14 29.42% 1.72E+00
Co-60 0.00% 2.62E-04
Tc-99 42.73% 2.50E+00
[-129 26.35% 1.54E+00
Cs-137 0.52% 3.03E-02

The values listed for H-3, C-14, Tc-99 and I-129 in the above tables contain LLD values
calculated and reported on Manifests.

Manifest Number Date Shipped Waste Volume Used Burial Volume Used
RSR 2015-053 4/23/2015 X
RSR 2015-054 4/28/2015 X
RSR 2015-056 6/1/2015 X

Page 45 of 82



ANO-1 & 2 Radioactive Effluent Release Report for 2015

Solid Waste Shipped Offsite for Disposal and Estimates of Major Nuclides by Waste Class and
Stream for Unit 1 During Period From 07/01/2015 to 12/31/2015

Waste Stream: Resins, Filters and Evaporator Bottom
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+0Q0 +25%

Waste Stream: Dry Active Waste

Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Irradiated Components
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
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Waste Stream: Other Wastes

Volume
Waste Class Ft M3 Curies Shipped % Error (Ci
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Sum of All 4 Categories
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Number of Shipments Mode of Transportation Destination

There were no shipments during this time period that could be attributed solely to Unit 1
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Solid Waste Shipped Offsite for Disposal and Estimates of Major Nuclides by Waste Class and
Stream for Unit 1 During Period From 01/01/2015 to 12/31/2015

Waste Stream: Resins, Filters and Evaporator Bottom

Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 1.71E+03 4.84E+01 3.06E-02 +25%
B 0.00E+00 0.00E+00 0.00E+00 £25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 1.71E+03 4.84E+01 3.06E-02 +25%
Waste Stream: Dry Active Waste
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Irradiated Components
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Other Wastes
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Sum of All 4 Categories
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
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A 1.71E+03 4.84E+01 3.06E-02 +25%

B 0.00E+00 0.00E+00 0.00E+00 +25%

C 0.00E+00 0.00E+00 0.00E+00 +25%

All 1.71E+03 4.84E+01 3.06E-02 +25%

Number of Shipments Mode of Transportation Destination
3 Hittman Transport Gallaher Rd Operations
Resins, Filters and Evaporator Bottoms Waste Class A
Nuclide Name Percent Abundance Curies
H-3 0.98% 5.72E-02
C-14 29.42% 1.72E+00
Co-60 0.00% 2.62E-04
Tc-99 42.73% 2.50E+00
1-129 26.35% 1.54E+00
Cs-137 0.52% 3.03E-02
Resins, Filters and Evaporator Bottoms Waste Class All
Nuclide Name Percent Abundance Curies

H-3 0.98% 5.72E-02
C-14 29.42% 1.72E+00
Co-60 0.00% 2.62E-04
Tc-99 42.73% 2.50E+00
1-129 26.35% 1.54E+00
Cs-137 0.52% 3.03E-02
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Sum of All 4 Categories Waste Class A

Nuclide Name Percent Abundance Curies
H-3 0.98% 5.72E-02
C-14 29.42% 1.72E+00
Co-60 0.00% 2.62E-04
Tc-99 42.73% 2.50E+00
1-129 26.35% 1.54E+00
Cs-137 0.52% 3.03E-02

Sum of All 4 Categories Waste Class All

Nuclide Name Percent Abundance Curies
H-3 0.98% 5.72E-02
C-14 29.42% 1.72E+00
Co-60 0.00% 2.62E-04
Tc-99 42.73% 2.50E+00
1-129 26.35% 1.54E+00
Cs-137 0.52% 3.03E-02

The values listed for H-3, C-14, Tc-99 and 1-129 in the above tables contain LLD values
calculated and reported on Manifests.

Manifest Number Date Shipped Waste Volume Used Burial Volume Used
RSR 2015-053 4/23/2015 X
RSR 2015-054 4/28/2015 X
RSR 2015-056 6/1/2015 X
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The summary for solid waste shipments for Unit 2 is as follows:

Solid Waste Shipped Offsite for Disposal and Estimates of Major Nuclides by Waste Class and
Stream For Unit 2 During Period From 01/01/2015 to 06/30/2015

Waste Stream: Resins, Filters and Evaporator Bottom
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%

Waste Stream: Dry Active Waste

Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Irradiated Components
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
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Waste Stream: Other Wastes

Volume
Waste Class Ft M3 Curies Shipped % Error (Ci
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Sum of All 4 Categories
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Number of Shipments Mode of Transportation Destination

There were no shipments during this time period that could be attributed solely to Unit 2
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Solid Waste Shipped Offsite for Disposal and Estimates of Major Nuclides by Waste Class and
Stream for Unit 2 During Period From 07/01/2015 to 12/31/2015

Waste Stream: Resins, Filters and Evaporator Bottom

Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Dry Active Waste
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Irradiated Components
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Other Wastes
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Sum of All 4 Categories
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
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A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Number of Shipments Mode of Transportation Destination

There were no shipments during this time period that could be attributed solely to Unit 2
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Solid Waste Shipped Offsite for Disposal and Estimates of Major Nuclides by Waste Class and
Stream for Unit 2 During Period From 01/01/2015 to 12/31/2015

Waste Stream: Resins, Filters and Evaporator Bottom

Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Dry Active Waste
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Irradiated Components
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Other Wastes
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Sum of All 4 Categories
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
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A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Number of Shipments Mode of Transportation Destination

There were no shipments during this time period that could be attributed solely to Unit 2
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The summary for solid waste shipments for Unit 1 and 2 Consolidated Shipments is as follows:

Solid Waste Shipped Offsite for Disposal and Estimates of Major Nuclides by Waste Class and
Stream During Period From 01/01/2015 to 06/30/2015

Waste Stream: Resins, Filters and Evaporator Bottom
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 9.20E+01 2.61E+00 4.27E+01 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 9.20E+01 2.61E+00 4.27E+01 +25%

Waste Stream: Dry Active Waste

Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 1.23E+04 3.49E+02 5.62E-01 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 1.23E+04 3.49E+02 5.62E-01 +25%
Waste Stream: Irradiated Components
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
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Waste Stream: Other Wastes

Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Sum of All 4 Categories
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 1.23E+04 3.49E+02 5.62E-01 +25%
B 9.20E+01 2.61E+00 4.27E+01 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 1.24E+04 3.52E+02 4.32E+01 +25%
Number of Shipments Mode of Transportation Destination
11 Hittman Transport Bear Creek Operations
Resins, Filters and Evaporator Bottoms Waste Class B
Nuclide Name Percent Abundance Curies
H-3 0.07% 3.13E-02
Be-7 0.17% 7.09E-02
C-14 0.57% 2.44E-01
Mn-54 5.18% 2.21E+00
Fe-55 23.61% 1.01E+01
Fe-59 0.02% 1.02E-02
Co-57 0.12% 5.25E-02
Co-58 7.74% 3.30E+00
Co-60 42.21% 1.76E+01
Ni-59 0.15% 6.54E-02
Ni-63 16.62% 7.95E+00
Zn-65 0.79% 3.35E-01
Sr-89 0.01% 5.01E-03
Resins, Filters and Evaporator Bottoms Waste Class B (continued)
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Nuclide Name Percent Abundance Curies
Sr-90 0.02% 9.05E-03
Nb-95 0.01% 4.67E-03
Tc-99 0.01% 3.90E-03

Ag-110m 0.06% 2.61E-02
Sb-125 0.37% 1.57E-01
1-129 0.00% 1.69E-04
Cs-134 0.07% 3.10E-02
Cs-137 1.19% 5.06E-01
Resins, Filters and Evaporator Bottoms Waste Class All
Nuclide Name Percent Abundance Curies
H-3 0.07% 3.13E-02
Be-7 0.17% 7.09E-02
C-14 0.57% 2.44E-01
Mn-54 5.18% 2.21E+00
Fe-55 23.61% 1.01E+01
Fe-59 0.02% 1.02E-02
Co-57 0.12% 5.25E-02
Co-58 7.74% 3.30E+00
Co-60 42.21% 1.76E+01
Ni-59 0.15% 6.54E-02
Ni-63 16.62% 7.95E+00
Zn-65 0.79% 3.35E-01
Sr-89 0.01% 5.01E-03
Sr-90 0.02% 9.05E-03
Nb-95 0.01% 4.67E-03
Tc-99 0.01% 3.90E-03
Ag-110m 0.06% 2.61E-02
Sb-125 0.37% 1.57E-01
1-129 0.00% 1.69E-04
Cs-134 0.07% 3.10E-02
Cs-137 1.19% 5.06E-01

Page 59 of 82



ANO-1 & 2 Radioactive Effluent Release Report for 2015

Nuclide Name

H-3
C-14
Mn-54
Co-58
Co-60
Tc-99
Sb-125
1-129
Cs-134
Cs-137

Nuclide Name

H-3
C-14
Mn-54
Co-58
Co-60
Tc-99
Sb-125
1-129
Cs-134
Cs-137

Nuclide Name

H-3
C-14
Mn-54
Co-58
Co-60
Tc-99
Sb-125
1-129
Cs-134
Cs-137

Dry Active Waste

Waste Class A
Percent Abundance

Dry Active Waste

42.16%
7.00%
1.04%
2.67%
8.48%
9.52%
7.87%
1.75%
1.32%

18.20%

Waste Class All
Percent Abundance

42.16%
7.00%
1.04%
2.67%
8.48%
9.52%
7.87%
1.75%
1.32%

18.20%

Sum of All 4 Categories

Waste Class A
Percent Abundance

42.16%
7.00%
1.04%
2.67%
8.48%
9.52%
7.87%
1.75%
1.32%

18.20%
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Curies

5.99E-01
9.93E-02
1.48E-02
3.79E-02
1.20E-01
1.35E-01
1.12E-01
2.49E-02
1.87E-02
2.58E-01

Curies

5.99E-01
9.93E-02
1.48E-02
3.79E-02
1.20E-01
1.35E-01
1.12E-01
2.49E-02
1.87E-02
2.58E-01

Curies

5.99E-01
9.93E-02
1.48E-02
3.79E-02
1.20E-01
1.35E-01
1.12E-01
2.49E-02
1.87E-02
2.58E-01
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Sum of All 4 Categories Waste Class B

Nuclide Name Percent Abundance Curies

H-3 0.07% 3.13E-02

Be-7 0.17% 7.09E-02

C-14 0.57% 2.44E-01

Mn-54 5.18% 2.21E+00

Fe-55 23.61% 1.01E+01

Fe-59 0.02% 1.02E-02

Co-57 0.12% 5.25E-02

Co-58 7.74% 3.30E+00

Co-60 41.21% 1.76E+01

Ni-59 0.15% 6.54E-02

Ni-63 18.62% 7.95E+00

Zn-65 0.79% 3.35E-01

Sr-89 0.01% 5.01E-03

Sr-90 0.02% 9.05E-03

Nb-95 0.01% 4.67E-03

Tc-99 0.01% 3.90E-03

Ag-110m 0.06% 2.61E-02

Sb-125 0.37% 1.57E-01

1-129 0.00% 1.69E-04

Cs-134 0.07% 3.10E-02

Cs-137 1.19% 5.06E-01

Manifest Number Date Shipped Waste Volume Used Burial Volume Used

RSR 2015-001 1/6/2015 X
RSR 2015-005 1/15/2015 X
RSR 2015-007 1/27/2015 X
RSR 2015-009 1/30/2015 X
RSR 2015-011 2/6/2015 X
RSR 2015-017 2/13/2015 X
RSR 2015-019 2/17/2015 X
RSR 2015-029 3/3/2015 X
RSR 2015-034 3/26/2015 X
RSR 2015-051 4/21/2015 X
RSR 2015-075 6/25/2015 X

The summary for solid waste shipments for Unit 1 and 2 Consolidated Shipments is as follows:
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Solid Waste Shipped Offsite for Disposal and Estimates of Major Nuclides by Waste Class and
Stream During Period From 07/01/2015 to 12/31/2015

Waste Stream: Resins, Filters and Evaporator Bottom
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+0Q0 +25%

Waste Stream: Dry Active Waste

Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 1.57E+04 4.46E+02 5.18E-01 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 1.57E+04 4.46E+02 5.18E-01 +25%
Waste Stream: Irradiated Components
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
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Waste Stream: Other Wastes

Volume
Waste Class Ft M3 Curies Shipped % Error (Ci
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Sum of All 4 Categories
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 1.57E+04 4.46E+02 5.18E-01 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 1.57E+04 4.46E+02 5.18E-01 +25%
Number of Shipments Mode of Transportation Destination
11 Hittman Transport Bear Creek Operations

Dry Active Waste Waste Class A

Nuclide Name Percent Abundance Curies

H-3 4.34% 2.37E-02
C-14 4.41% 2.41E-02
Mn-54 0.90% 4.93E-03
Co-58 6.14% 3.36E-02
Co-60 12.39% 6.77E-02
Ni-63 29.20% 1.60E-01
Sr-90 1.36% 7.46E-03
Zr-95 6.52% 3.57E-02
Nb-95 10.38% 5.67E-02
Tc-99 0.74% 4.06E-03
1-129 0.35% 1.90E-03
Cs-137 23.27% 1.27E-01

Dry Active Waste Waste Class All
Nuclide Name Percent Abundance Curies
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H-3
C-14
Mn-54
Co-58
Co-60
Ni-63
Sr-90
Zr-95
Nb-95
Tc-99
1-129
Cs-137

Nuclide Name

H-3
C-14
Mn-54
Co-58
Co-60
Ni-63
Sr-90
Zr-95
Nb-95
Tc-99
1-129
Cs-137

4.34%
4.41%
0.90%
6.14%
12.39%
29.20%
1.36%
6.52%
10.38%
0.74%
0.35%
23.27%

Sum of All 4 Categories Waste Class A
Percent Abundance

4.34%
4.41%
0.90%
6.14%
12.39%
29.20%
1.36%
6.52%
10.38%
0.74%
0.35%
23.27%
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2.37E-02
2.41E-02
4.93E-03
3.36E-02
6.77E-02
1.60E-01
7.46E-03
3.57E-02
5.67E-02
4.06E-03
1.90E-03
1.27E-01

Curies

2.37E-02
2.41E-02
4.93E-03
3.36E-02
6.77E-02
1.60E-01
7.46E-03
3.57E-02
5.67E-02
4.06E-03
1.90E-03
1.27E-01
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Sum of All 4 Categories Waste Class All

Nuclide Name Percent Abundance Curies

H-3 4.34% 2.37E-02
C-14 4.41% 2.41E-02
Mn-54 0.90% 4.93E-03
Co-58 6.14% 3.36E-02
Co-60 12.39% 6.77E-02
Ni-63 29.20% 1.60E-01
Sr-90 1.36% 7.46E-03
Zr-95 6.52% 3.57E-02
Nb-95 10.38% 5.67E-02
Tc-99 0.74% 4.06E-03
1-129 0.35% 1.90E-03
Cs-137 23.27% 1.27E-01

The values listed for H-3, C-14, Tc-99 and I-129 in the above tables contain LLD values
calculated and reported on Manifests.

Manifest Number Date Shipped Waste Volume Used Burial Volume Used
RSR 2015-085 8/6/2015 X
RSR 2015-100 9/29/2015 X
RSR 2015-101 10/1/2015 X
RSR 2015-109 10/6/2015 X
RSR 2015-110 10/8/2015 X
RSR 2015-112 10/13/2015 X
RSR 2015-118 10/27/2015 X
RSR 2015-120 10/28/2015 X
RSR 2015-130 12/1/2015 X
RSR 2015-131 12/3/2015 X
RSR 2015-133 12/8/2015 X
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The summary for solid waste shipments for Unit 1 and 2 Consolidated Shipments is as follows:

Solid Waste Shipped Offsite for Disposal and Estimates of Major Nuclides by Waste Class and
Stream During Period From 01/01/2015 to12/31/2015

Waste Stream: Resins, Filters and Evaporator Bottom
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 9.20E+01 2.61E+00 4.27E+01 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 9.20E+01 2.61E+00 4.27E+01 +25%

Waste Stream: Dry Active Waste

Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 2.81E+04 7.95E+02 1.08E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 2.81E+04 7.95E+02 1.08E+00 +25%
Waste Stream: Irradiated Components
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
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Waste Stream: Other Wastes

Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 0.00E+00 0.00E+00 0.00E+00 +25%
B 0.00E+00 0.00E+00 0.00E+00 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 0.00E+00 0.00E+00 0.00E+00 +25%
Waste Stream: Sum of All 4 Categories
Volume
Waste Class Ft M3 Curies Shipped % Error (Ci)
A 2.81E+04 7.95E+02 1.08E+00 +25%
B 9.20E+01 2.61E+00 4 27E+01 +25%
C 0.00E+00 0.00E+00 0.00E+00 +25%
All 2.82E+04 7.97E+02 4 37E+01 +25%
Number of Shipments Mode of Transportation Destination
22 Hittman Transport Bear Creek Operations
Resins, Filters and Evaporator Bottoms Waste Class B
Nuclide Name Percent Abundance Curies
H-3 0.07% 3.13E-02
Be-7 0.17% 7.09E-02
C-14 0.57% 2.44E-01
Mn-54 5.18% 2.21E+00
Fe-55 23.61% 1.01E+01
Fe-59 0.02% 1.02E-02
Co-57 0.12% 5.25E-02
Co-58 7.74% 3.30E+00
Co-60 41.21% 1.76E+01
Ni-59 0.15% 6.54E-02
Ni-63 18.62% 7.95E+00
Zn-65 0.79% 3.35E-01
Sr-89 0.01% 5.01E-03
Resins, Filters and Evaporator Bottoms Waste Class B (continued)
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Nuclide Name Percent Abundance Curies
Sr-90 0.02% 9.05E-03
Nb-95 0.01% 4.67E-03
Tc-99 0.01% 3.90E-03

Ag-110m 0.06% 2.61E-02
Sb-125 0.37% 1.57E-01
1-129 0.00% 1.69E-04
Cs-134 0.07% 3.10E-02
Cs-137 1.19% 5.06E-01
Resins, Filters and Evaporator Bottoms Waste Class All
Nuclide Name Percent Abundance Curies
H-3 0.07% 3.13E-02
Be-7 0.17% 7.09E-02
C-14 0.57% 2.44E-01
Mn-54 5.18% 2.21E+00
Fe-55 23.61% 1.01E+01
Fe-59 0.02% 1.02E-02
Co-57 0.12% 5.25E-02
Co-58 7.74% 3.30E+00
Co-60 41.21% 1.76E+01
Ni-59 0.15% 6.54E-02
Ni-63 18.62% 7.95E+00
Zn-65 0.79% 3.35E-01
Sr-89 0.01% 5.01E-03
Sr-90 0.02% 9.05E-03
Nb-95 0.01% 4.67E-03
Tc-99 0.01% 3.90E-03
Ag-110m 0.06% 2.61E-02
Sb-125 0.37% 1.57E-01
1-129 0.00% 1.69E-04
Cs-134 0.07% 3.10E-02
Cs-137 1.19% 5.06E-01
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Nuclide Name

H-3
C-14
Mn-54
Co-58
Co-60
Ni-63
Sr-90
Zr-95
Nb-95
Tc-99
Sb-125
1-129
Cs-134
Cs-137

Nuclide Name

H-3
C-14
Mn-54
Co-58
Co-60
Ni-63
Sr-90
Zr-95
Nb-95
Tc-99
Sb-125
1-129
Cs-134
Cs-137

Dry Active Waste Waste Class A
Percent Abundance

31.64%
6.28%
1.00%
3.64%
9.57%
8.12%
0.38%
1.81%
2.89%
7.08%
5.68%
1.36%
0.95%

19.61%

Dry Active Waste Waste Class All
Percent Abundance

31.64%
6.28%
1.00%
3.64%
9.57%
8.12%
0.38%
1.81%
2.89%
7.08%
5.68%
1.36%
0.95%

19.61%
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Curies

6.22E-01
1.23E-01
1.97E-02
7.15E-02
1.88E-01
1.60E-01
7.46E-03
3.57E-02
5.67E-02
1.39E-01
1.12E-01
2.68E-02
1.87E-02
3.86E-01

Curies

6.22E-01
1.23E-01
1.97E-02
7.15E-02
1.88E-01
1.60E-01
7.46E-03
3.57E-02
5.67E-02
1.39E-01
1.12E-01
2.68E-02
1.87E-02
3.86E-01
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Nuclide Name

H-3
C-14
Mn-54
Co-58
Co-60
Ni-63
Sr-90
Zr-95
Nb-95
Tc-99
Sb-125
1-129
Cs-134
Cs-137

Nuclide Name
H-3
Be-7
C-14
Mn-54
Fe-55
Fe-59
Co-57
Co-58
Co-60
Ni-59
Ni-63
Zn-65
Sr-89
Sr-90
Nb-95
Tc-99
Ag-110m
Sb-125
1-129
Cs-134
Cs-137

Sum of All 4 Categories Waste Class A
Percent Abundance

31.64%
6.28%
1.00%
3.64%
9.57%
8.12%
0.38%
1.81%
2.89%
7.08%
5.68%
1.36%
0.95%

19.61%

Sum of All 4 Categories Waste Class B
Percent Abundance

0.07%
0.17%
0.57%
5.18%
23.61%
0.02%
0.12%
7.74%
41.21%
0.15%
18.62%
0.79%
0.01%
0.02%
0.01%
0.01%
0.06%
0.37%
0.00%
0.07%
1.19%
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Curies

6.22E-01
1.23E-01
1.97E-02
7.15E-02
1.88E-01
1.60E-01
7.46E-03
3.57E-02
5.67E-02
1.39E-01
1.12E-01
2.68E-02
1.87E-02
3.86E-01

Curies

3.13E-02
7.09E-02
2.44E-01

2.21E+00
1.01E+01
1.02E-02
5.25E-02
3.30E+00
1.76E+01
6.54E-02
7.95E+00
3.35E-01

5.01E-03
9.05E-03
4.67E-03
3.90E-03
2.61E-02
1.57E-01

1.69E-04
3.10E-02
5.06E-01
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Sum of All 4 Categories Waste Class All

Nuclide Name Percent Abundance Curies
H-3 1.46% 6.54E-01
Be-7 0.16% 7.09E-02
C-14 0.82% 3.67E-01
Mn-54 5.00% 2.23E+00
Fe-55 22.57% 1.01E+01
Fe-59 0.02% 1.02E-02
Co-57 0.12% 5.25E-02
Co-58 7.56% 3.38E+00
Co-60 39.81% 1.78E+01
Ni-59 0.15% 6.54E-02
Ni-63 18.16% 8.10E+00
Zn-65 0.75% 3.35E-01
Sr-89 0.01% 5.01E-03
Sr-90 0.04% 1.65E-02
Zr-95 0.08% 3.57E-02
Nb-95 0.14% 6.14E-02
Tc-99 0.32% 1.43E-01
Ag-110m 0.06% 2.61E-02
Sb-125 0.60% 2.68E-01
1-129 0.06% 2.69E-02
Cs-134 0.11% 4.97E-02
Cs-137 2.00% 8.91E-01

The values listed for H-3, C-14, Tc-99 and 1-129 in the above tables contain LLD values
calculated and reported on Manifests.

Manifest Number Date Shipped Waste Volume Used Burial Volume Used
RSR 2015-001 1/6/2015 X
RSR 2015-005 1/15/2015 X
RSR 2015-007 1/27/2015 X
RSR 2015-009 1/30/2015 X
RSR 2015-011 2/6/2015 X
RSR 2015-017 2/13/2015 X
RSR 2015-019 2/17/2015 X
RSR 2015-029 3/3/2015 X
RSR 2015-034 3/26/2015 X
Manifest Number Date Shipped Waste Volume Used Burial Volume Used
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RSR 2015-051 4/21/2015 X
RSR 2015-075 6/25/2015 X
RSR 2015-085 8/6/2015 X
RSR 2015-100 9/29/2015 X
RSR 2015-101 10/1/2015 X
RSR 2015-109 10/6/2015 X
RSR 2015-110 10/8/2015 X
RSR 2015-112 10/13/2015 X
RSR 2015-118 10/27/2015 X
RSR 2015-120 10/28/2015 X
RSR 2015-130 12/1/2015 X
RSR 2015-131 12/3/2015 X
RSR 2015-133 12/8/2015 X

9. UNPLANNED RELEASES

An unplanned release is the unintended discharge of a volume of liquid or airborne radioactivity
to unrestricted areas.

During 2015, there was one unplanned gaseous release to an unrestricted area on ANO-1
(condition is documented under CR-ANO-1-2015-01971).

During Waste Control Operator (WCO) rounds the morning of 4/28/15, while T-18B Waste
Gas Decay Tank(WGDT) was being released in accordance with OP-1104.022 Att. C, T-18D
pressure was noted to be at a lower pressure (56 psig) than prior to commencing the T-18B
release (66 psig).

On dayshift 4/27/15, prior to commencing the T-18B WGDT release, the following tank
pressures were noted during WCO rounds:

T-18B 66 psig (Removed from service/isolated)
T-18D 64 psig (In service WGDT)

Just prior to commencing the release at 1708 on 4/27/15, the following tank pressures were
noted:

T-18B 66 psig

T-18D 77 psig (a waste gas compressor had started, raising the pressure of this in service
WGDT)
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In accordance with OP-1104.022 Att. C, all T-18 WGDT outlet valves were verified closed.
GZ-13B (T-18B outlet isolation) was the only T-18 outlet isolation valve that was operated.
This valve is a reach rod diaphragm valve. After receiving a peer check, one operator
manipulated GZ-13B open. The other operator observed valve movement locally. Both
operators confirmed that the valve was open. All other T-18 outlet valves were confirmed to
be closed. A short time later, CV-4820 (T-18’s Discharge to Gaseous Radwaste Discharge
Header Flow Control Valve) was opened, beginning the T-18B release.

On nightshift 4/27/15, the following tank pressures were logged during WCO rounds:

T-18B 43 psig (WGDT being released)
T-18D 74 psig

On dayshift 4/28/15, during T-18B release, the following tank pressures were logged during
WCO rounds:

T-18B 3 psig
T-18D 56 psig

After discovering the T-18D pressure discrepancy, the operator informed the Control Room
Supervisor. The T-18B WGDT release was secured and actions were taken in accordance
with OP-1104.022.

Immediate Actions:

CRS informed. Secured T-18D release. |IAW OP-1104.022, removed T-18D from service;
placed T-18A in service. Submitted OP-1104.022 Att. C to Chemistry for T-18D sample.

Conclusion and Follow up Actions:

The unplanned release from T18D is documented in release permit 1GR2015-0047. A
conservative 20 PS| change was used along with a duration of 1048 minutes for a total
release of 435.4 cubic feet. T-18D samples were taken after the leak had been noticed to
account for the activity within the waste gas decay tank. WR-365524 was initiated to
investigate/repair default valve.

During 2015, there was one unplanned gaseous release to an unrestricted area on ANO-2
(condition is documented under CR-ANO-2-2015-01096).

While removing the Silicone Foam under WO# 392246-15 for the installation of a Flood Seal
per EC# 53949 Rev. 2 Detail 87/A2600 in Penetration FB-2075-01-0016 Blockout,
discovered a void area inside of the blockout. The opening of the void area created an
allowed air flow from the Auxiliary Building to the Turbine Building.

Worker removing the foam adherently removed a rag that had been left in the penetration
causing a void that breached the barrier. The workers felt the air in their face and
immediately stopped work, put ever thing in a safe condition and called their supervisor, who
then informed Operations and Radiation Protection of the problem. Operations changed
ventilation and the worker installed a temporary dam on the bottom and shot ten inches of
foam back in the penetration to seal so the work could continue on the flood barrier. The
total time between the breach and Operations changing the ventilation was less than fifteen
minutes.
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Immediate Actions:

Notified RP, Operations and Engineering of the air flow. Installed a Temporary Dam on
the Turbine Building side Demineralizer Area Room 2075 to stop the air flow between the
buildings. After completing the temporary dam installation we performed a Smoke Test to
ensure that the seal was complete and acceptable. Verified that an existing Fire
Impairment, 2912, was established and for Internal Flooding Contingency, installed sand
bags to an elevation of 12" above the 354" floor.

Investigation:

During investigation to determine if an unmonitored release occurred from the Auxiliary
Building to the Turbine building it was concluded that air was released from the Auxiliary
Building to the Turbine Building via the FB-20175-01-0016B flood barrier penetration
during maintenance.

Conclusion and Follow up Actions:
The unmonitored/unplanned released is documented in release permit 2GR2015-0055. A
conservative flow of 100 cubic feet per minute was used for the duration of 15 minutes for
a total release of 1500 cubic feet. The samples taken during the timeframe from Unit 2
Auxiliary Building Radwaste Ventilation (2RWA) were used as the activity released from
the area for conservatism. The samples from 2RWA indicated the presence of tritium at

1.231 E-08 uCi/cc for a total release of 5.224 E-01 uCi of tritium. There were zero limits
violated due to the unplanned release from the Auxiliary Building to the Turbine Building.

10. RADIATION INSTRUMENTATION

As required by ODCM Appendix 1, any radioactive effluent instrumentation inoperable for more
than 30 days shall be reported in the ARERR.

There were zero required radioactive effluent monitors out-of-service for greater than 30 days.

11. CHANGES TO THE PROCESS CONTROL PROGRAM

As required by ODCM Section 5.0, a description of changes made to the Process Control
Program (EN-RW-105) shall be included in the ARERR for the period in which the change was
made effective.

Changes include the following:

EN-RW-105, “Process Control Program”, was changed effective 8/27/2015. The new
revision is 005. The changes made were:

The primary purpose of this revision is to incorporate GGNS Temp Change in response to
CR-GGN-2015-1277.
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Specifically:
o Step 5.1[1](b) added the words “owned by Entergy”
o Added new step 5.9[2] (same as step 5.1[1](b))

Other changes:

¢ Removed Vermont Yankee (VY) from coversheet and deleted step 5.8[4](e) as fleet
procedures no longer apply to VY.

o Reformatted table in section 8 for compliance with EN-AD-101-01, updated the table
and deleted VY entries from the table. Updated cross references to section 8 within
the body of the procedure.

o Deleted reference to VY commitments from step 5.8[3]

12. CHANGES TO THE OFFSITE DOSE CALCULATION MANUAL

In accordance with Unit 1 and Unit 2 TS, changes to the ODCM shall be included in the ARERR
for the period in which the change(s) was made effective.

There were zero changes to ODCM in 2015.

13. LLD LEVELS

In accordance with ODCM Appendix 1, LLDs higher than required shall be documented in the
ARERR.

During 2015, there were no LLDs higher than required.

14. RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM (REMP)

In accordance with ODCM Appendix 1 Limitations L2.5.1.B and L2.5.2.A, unavailability of milk
or fresh, leafy vegetable samples, or an increase in an environmental sample location's
calculated dose commitment must be identified in the ARERR.

A. Changes in Sample Locations

During 2015, there were no changes to milk or fresh leafy vegetable sample locations or
instances where fresh leafy vegetable samples were unavailable.

B. Increase in Calculated Dose Commitment

There were no environmental sampling locations identified during 2015 that would yield a
calculated dose commitment greater than the values previously calculated.
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15. SUMMARY OF HOURLY METEOROLOGICAL DATA

In accordance with ODCM Appendix 1 Section 5.2, in lieu of including a summary of the
meteorological data in this report, the 2015 data is retained at ANO. This data is available for
NRC review.

16. DESCRIPTION OF MAJOR CHANGES TO RADIOACTIVE WASTE SYSTEMS

There were no major changes made to the Unit 1 liquid and gaseous radwaste systems or the
solid radwaste system during 2015.

There were no major changes made to the Unit 2 liquid and gaseous radwaste systems or the
solid radwaste system during 2015.

17. RADIOACTIVE GROUND WATER MONITORING PROGRAM DATA

NEI 07-07, “Industry Ground Water Protection Initiative — Final Guidance Document,”
Objective 2.4, “Annual Reporting”, requires documentation of all on-site ground water sample
results and a description of any significant on-site leaks/spills into ground water for each
calendar year in the ARERR as contained in the appropriate reporting procedure.

A. NEI 07-07 Objective 2.4, “Annual Reporting”, Acceptance Criteria “b.i” requires that ground
water sample results that are taken in support of the Ground Water Protection Initiative
(GPI) but are not part of the REMP program (e.g. samples obtained during the investigatory
phase of the action plan) are reported in the ARERR. Additionally, Entergy’s procedure
EN-CY-111, “Radiological Ground Water Monitoring Program”, Step 5.15[3] requires that a
listing of non-REMP wells and a summary of pertinent sample results from the RGWMP are
reported in the ARERR and an estimate of the doses to a member of the public associated
with off-site releases of licensed radioactive material via ground water is included in the
ARERR.

In 2015, there were no “non-REMP” designated ground water wells installed at ANO.

There were no new “REMP” designated ground water wells installed in 2015. There were
four previously installed (prior to 2010) “REMP” designated ground water wells. The results
of the samples collected from the “REMP” designated ground water wells are included in
the 2015 Annual Radiological Environmental Operating Report (AREOR) as required by
NEI 07-07. The AREOR for the calendar year 2015 will be submitted to the NRC by

May 15, 2016.

ANO did not show any positive results during storm water sampling activities in 2015.

B. NEI 07-07 Objective 2.4, Acceptance Criteria “c.ii” requires that a description of all spills or
leaks that were communicated per NEI 07-07 Objective 2.2, “Voluntary Communication” be
included in the ARERR. Additionally, Entergy’s procedure EN-RP-113, “Response to
Contaminated Spills/Leaks”, requires that the following be included in the ARERR:

1. Spills/leaks documented on Attachment 9.1 that were released to the environment or
outside the spent fuel pool enclosure, SHALL be documented in the next ARERR.
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2. The documentation in the ARERR report will contain:
) Description of event

a
b) Impact of event

d

e

(

(

(c) Remediation of event

(d) Radioactive contamination content and levels of event
(

)
) Discussion of impact on groundwater, if any

In 2015, there were no spills/leaks that required communication per NEI 07-07 Objective 2.2
or inclusion in the ARERR per EN-RP-113.

A PCRS search was conducted using radioactive spill(s) as the search criteria. Zero items
were found.

Entergy’s procedure EN-CY-108, “Monitoring of Non-Radioactive Systems”, requires that
verified positive results associated with the sampling of designated nonradioactive or cross-
contaminated systems are to be included in the site’s ARERR, unless already reported
under an existing monitored ODCM release point.

In 2015, there was one sample point, Ground Water Monitoring Well-17 (MW-17), where a
positive detection of tritium was found. This condition was discovered initially in 2013 and
documented via CR-ANO-C-2013-02706. MW-17 was sampled monthly in 2014 and
through June in 2015 at which point the sampling frequency was reduced to quarterly. The
low level tritium detected is suspected to be related to atmospheric recapture however this
condition is still under investigation. There are no indications of underground piping leaks.

Date Result Units
1/28/2015 3.13E+02 pCi/L
2/26/2015 5.63E+02 pCi/L
3/24/2015 6.96E+02 pCi/L
4/20/2015 6.07E+02 pCi/L
5/21/2015 1.01E+03 pCi/L
5/21/2015 1.06E+03 pCi/L
6/16/2015 <3.99E+02 pCi/L
8/4/2015 5.91E+02 pCi/L
12/3/2015 5.02E+02 pCi/L
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18. C-14 Reporting

The purpose of this section is to provide the required input for Carbon-14 (C-14) effluent source
term calculations. In Revision 2 of RG 1.21, the NRC has recommended that U.S. nuclear
power plants evaluate whether C-14 is a principle gaseous effluent, and if so, report the amount
of C-14 released.

Carbon-14 (C-14) is a naturally occurring isotope of carbon. C-14 is produced in commercial
nuclear reactors, but the amounts produced are much less than those produced naturally.
Radioactive effluents from commercial nuclear power plants have decreased to the point that
C-14 can become a principle radionuclide in gaseous effluents, as defined in RG 1.21.
Therefore, concentrations and offsite dose from C-14 have been estimated and included in this
report for ANO.

In 2010, ANO and other facilities participated in an EPRI task force to build a model to
accurately estimate C-14 releases, given some key site-specific plant parameters (e.g., mass of
the primary coolant, average thermal neutron cross section, rated thermal power). For
purposes of industry standardization, the output from the EPRI model is presented in this report
in the following spreadsheets.
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Facility Name:

Arkansas Nuclear One - Unit 1 |

Reactor Type
Reactor Power Rating
Equivalent Full Power Operation
Critical Receptor Undepleted X/Q
Fractional Equilibrium Ratio, p
Milk Ingestion Pathway
Meat Ingestion Pathway
Leafy Vegetable Ingestion Pathway

Garden Produce Ingestion Pathway

Custom C-14 Production Rate
Custom Gaseous Release Fraction
Custom Gaseous Release Rate
Custom Carbon Dioxide Fraction

WPWR

2568

365

5.00E-07

1.00

Y

WPWR, CEPWR, or BWR

MegaWatts(thermal)

Days

sec/m®

RG-1.109 Equation C-8; assume 1.0 for continuous release

Enter "Y™ to assume milk ingestion pathway, "N" to ignore pathway

Enter "Y™ to assume meat ingestion pathway, "N" to ignore pathway

Enter "Y™ to assume leafy vegetable ingestion pathway, "N" to ignore pathway

Enter "Y™ to assume garden produce (non-leafy vegetable+fruit+grain) ingestion
pathway, “N" to ignore pathway

Ci Produced; Enter 'D' to assume default values

% C-14 production released as a gaseous effluent; Enter 'D' to assume default values
Ci Released; Enter 'D' to assume default values

% C-14 released as Carbon Dioxide; Enter 'D' to assume default values

Normalized values listed in this section are taken from EPRI Technical Report 1021106,
"Estimation of Carbon-14 in Nuclear Power Plant Gaseous Effluents”, 2010, pages 4-28 and 3-26

Parameter WPWR CEPWR BWR Site Values
Normalized Production - Ci/GWt-yr 3.4 3.9 5.1 8.92 Ci Produced
Gaseous Release Fraction 98% 98% 99% 98% % Released
Normalized Release - Ci/GWt-yr 3.33 3.82 5.05 8.74 Ci Released
C-14 Carbon Dioxide Fraction 30% 30% 95% 30% %CO,
Total Dioxide
C-14 Release - Ci
8.74E+00 2.62E+00
MAXIMUM DOSE VALUES
Organ Age mrem/yr
RG-1.109 Bone Child 2.41E-01
T_';Sc;;/'gt’ﬁer Child 4.81E-02
ICRP-72 CEDE Teen 7.29E-02
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Facility Name: Arkansas Nuclear One - Unit 2 |
Reactor Type CEPWR WPWR, CEPWR, or BWR
Reactor Power Rating 3026 MegaWatts(thermal)
Equivalent Full Power Operation 365 Days
Critical Receptor Undepleted X/Q 5.00E-07 sec/m®
Fractional Equilibrium Ratio, p 1.00 RG-1.109 Equation C-8; assume 1.0 for continuous release
Milk Ingestion Pathway Y Enter "Y™ to assume milk ingestion pathway, "N" to ignore pathway
Meat Ingestion Pathway Y Enter "Y™ to assume meat ingestion pathway, "N" to ignore pathway
Leafy Vegetable Ingestion Pathway Y Enter "Y™ to assume leafy vegetable ingestion pathway, "N" to ignore pathway
Garden Produce Ingestion Pathway v Egttr?\:v ;Tll,""tI?l"atSoSing;T:rgT)gjt?]r\;v Z;oduce (non-leafy vegetable+fruit+grain) ingestion
Custom C-14 Production Rate 11.166612 | Ci Produced; Enter 'D' to assume default values
Custom Gaseous Release Fraction D % C-14 production released as a gaseous effluent; Enter 'D' to assume default values
Custom Gaseous Release Rate D Ci Released; Enter 'D' to assume default values
Custom Carbon Dioxide Fraction D % C-14 released as Carbon Dioxide; Enter 'D' to assume default values

Normalized values listed in this section are taken from EPRI Technical Report 1021106,
"Estimation of Carbon-14 in Nuclear Power Plant Gaseous Effluents”, 2010, pages 4-28 and 3-26

Parameter WPWR CEPWR BWR Site Values
Normalized Production - Ci/GWt-yr 3.4 3.9 5.1 11.17 Ci Produced
Gaseous Release Fraction 98% 98% 99% 98% % Released
Normalized Release - Ci/GWt-yr 3.33 3.82 5.05 10.94 Ci Released
C-14 Carbon Dioxide Fraction 30% 30% 95% 30% %CO,
Total Dioxide
C-14 Release - Ci
1.09E+01 3.28E+00
MAXIMUM DOSE VALUES
Organ Age mrem/yr
RG-1.109 Bone Child 3.02E-01
RG-1.109 T.Body/Other Child 6.03E-02
ICRP-72 CEDE Teen 9.13E-02
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19. 40 CFR 190 Reporting
40 CFR Part 190 Dose Evaluation

Dose evaluations to demonstrate compliance with ANO-1 TS 5.5.4.j and ANO-2 TS 6.5.4.],
asssociated with dose from the uranium fuel cycle, need to be performed only if quarterly doses
exceed 3 mrem to the total body (liquid releases), 10 mrem to any organ (liquid releases),

10 mrad gamma air dose, 20 mrad beta air dose, or 15 mrem to any organ from radioiodines
and particulates.

At no time during 2015 were any of these limits exceeded.

Direct shine dose was considered using the area monitoring DLR results in the 2015 Arkansas
Nuclear One Annual Radiological Environmental Operating Report (AREOR). The highest
perimeter DLR badge dose located nearest a critical receptor did not result in any additional
dose to the critical receptor.

20. Additional Comments
Information regarding missed channel checks (CR-ANO-2-2015-04004):

During performance of Low Level Radwaste (LLRW) stack monitor SPING 11 (2RX-9850)
maintenance which was taken out-of-service on 10/20/15 at ~0150 was discovered that the
ventilation was running without alternate sampling in progress.

Chemistry personnel had logged SPING 11 IDLE due to RDACS indication of zero stack flow.

Chemistry performs once per 12 hour channel checks for functionality. Requirement is
channel checks for functionality once per 24 hours per ODCM L2.2.1.1. Since chemistry
logged SPING 11 idle since 10/15/15, a total of 5 ODCM required channel checks were not
performed.

SPING 11 particulate and charcoal samples were removed at 0150 on 10/20/15 and counted
with zero radioactivity present. Reference GSD15-09380 and GSD15-09831 for gamma
spec reports. Previous week's gas release permit was a non-radioactive release.

RDACS trends from 10/15/15 to 10/20/15 do not indicate any release of gaseous
radioactivity.

SPING 11 sample pump continued to run during the time at which chemistry did not perform
channel checks.

The only time at which SPING 11 was not monitored was from 10/20/15 at 0150 when the
SPING was taken out of service for I1&C maintenance till 1530 when an alternate sample cart
was placed on the SPING after I&C informed chemistry of the running ventilation stack in the
LLRW Building.
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ODCM requires the following when a SPING is out of service:

ODCM requires continuous sampling of iodine and particulate when LLRW ventilation is
running per ODCM L 2.4.1.2.

ODCM L2.2.1.B requires performance of once per 4 hour readings of sample flow and
stack flow when SPING is not in service. A total of 3 reading s were missed.

ODCM L2.2.1.C requires noble gas sample every 12 hours while ventilation is in service.
A total of 1 sample was missed during this time period.

Chemistry and Operations believed SPING 11 ventilation was IDLE.

Immediate Actions:
As of 10/20/15 1530, upon notification ventilation was in service, chemistry personnel
placed alternate sampling pump/cart in service and instituting the ODCM required once
per 4 hours sample pump flow and stack flow readings per ODCM L2.2.1.B and once per
12 hour gas samples per ODCM L2.2.1.C.
Notified Operations to enter LCO ODCM L2.2.1.G.

Information regarding increased levels of gaseous dose for Unit 1 and Unit 2 collective dose:
Trends on page 33 and 41 of this report show increases in collective dose. The trend is
attributed to a recalculated X/Q implemented in 2013. X/Q was recalculated as an

initiative to update outdated dose calculation factors. The recalculated X/Q reflects more
recent meteorological data than initial licensing of ANO Unit 1 and Unit 2 X/Q values.
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ARKANSAS NUCLEAR ONE
ODCM

1.0 INTRODUCTION

The Offsite Dose Calculation Manual (ODCM) provides guidance for making release rate and
dose calculations for radioactive liquid and gaseous effluents from Arkansas Nuclear One -
Units 1 and 2 (ANO-1 and ANO-2). The methodology is drawn from NUREG-0133, Rev. 0.
Parameters contained within this manual were taken from NUREG-0133 and Regulatory Guide
(RG) 1.109 except as noted for site specific values. These numbers and the calculational
method may be changed as provided for in the Technical Specifications (TSs).

The following references are utilized in conjunction with the limitations included in this manual
concerning the indicated subjects:

Subject ANO-1 ANO-2
Process Control Program (PCP) EN RW-105 EN RW-105
Radioactive Effluent Controls Program TS 5.54 TS 6.54
Annual Radiological Environmental Monitoring Report TS 5.6.2 TS 6.6.2
Radioactive Effluent Release Report TS 5.6.3 TS 6.6.3
ODCM TS 5.5.1 TS 6.5.1

20 LIQUID EFFLUENTS

2.1 Radioactive Liquid Effluent Monitor Setpoint

ODCM Limitation L 2.1.1, “Radioactive Liquid Effluent Instrumentation,” requires that the
radioactive liquid effluents be monitored with the alarm/trip setpoints adjusted to ensure that the
limits of the radioactive liquid effluent concentration limitations are not exceeded. These
concentrations are for the site. The alarm/trip setpoint on the liquid effluent monitor is
dependent upon the dilution water flow rate, radwaste tank flow rate, isotopic composition of the
radioactive liquid to be discharged, a gross gamma count of the liquid to be discharged,
background count rate of the monitor, and the efficiency of the monitor. Due to the fact that
these are variables, an adjustable setpoint is used. The setpoint must be calculated and the
monitor setpoint set prior to the release of each batch of radioactive liquid effluents. The
following methodology is used for the setpoint determination for the following monitors.

ANO-1: RE-4642 — Liquid Radwaste Monitor

ANO-2: 2RE-2330 - Liquid Radwaste Monitor
2RE-4423 — Liquid Radwaste Monitor

1) A sample from each tank (batch) to be discharged is obtained and counted for gross
gamma (Cs-137 equivalent) and a gamma isotopic analysis is performed.

2) A dilution factor (DF) for the tank is calculated based upon the results of the gamma

isotopic analysis and the Maximum Permissible Concentration (MPC) of each detected
radionuclide.
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DF is calculated as follows:

DF = z,(C|/MPC|) + Ctne/MPCing

where:
DF = dilution factor;
Ci = concentration of isotope “”, (MCi/ml);
MPC; = maximum permissible concentration of isotope “i”
(from 10 CFR 20, Appendix B, Table II, Column 2 in uCi/ml);
Cne = total concentration of noble gases (uCi/ml); and
MPCmg = 2x 10* (MCi/ml) per Limitation L 2.3.1.a

3) The dilution water flowrate is normally the number of ANO-1 circulating water pumps in
operation at the time of release. Each circulating water pump has an approximate
flowrate of 191,500 gallons per minute (gpm) (this flowrate may be reduced due to
throttling of circulating water pump flow and/or circulating water bay configuration).
However, under specific conditions and under strict controls, lower dilution water
flowrates utilizing service water and cooling tower blowdown flowrates may be used.

4) The theoretical release rate, F,,, of the tank (batch) to be released is expressed in terms
of the dilution water flowrate, such that for each volume of dilution water released, a
given volume of liquid radwaste may be combined. This may be expressed as follows:

Fm = DV/DF

where:
F.n = theoretical release rate (gpm);

DV = Dilution volume (gpm). When ANO-1 circulating water pumps are running, DV
is the number of ANO-1 circulating water pumps in operation multiplied by the
approximate flowrate of an ANO-1 circulating water pump (normally
191,500 gpm) or an indicated flow rate. The minimum total flow rate shall be
greater than or equal to 100,000 gpm. Otherwise DV is dilution volume
provided by service water and cooling tower blowdown flowrate; and

DF = dilution factor as calculated in Step 2 above.

Note: In the above equation, the theoretical release rate (F,) approaches zero as
the dilution factor increases. The actual flowrate (F) will normally be equal to
the theoretical release rate for high activity releases. For low activity releases,
the theoretical release rate becomes large and may exceed the capacity of the
pump discharging the tank. In these cases, the actual release rate may be set
to the maximum flowrate of the discharge pump.

5) The monitor setpoint is calculated by incorporating the monitor reading prior to starting
the release (i.e., background countrate), and a factor which is the amount of increase in
the release concentration that would be needed to exceed the radioactive liquid
concentration limitation. The monitor setpoint is expressed as follows:
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M, = A*(K*FM/FA) +B

where:

M, = monitor setpoint (counts per minute or “cpm”);

A = allocation fraction for the specific unit. (Typically, these values are set at
0.45, but may be adjusted up or down as needed. However, the total site
allocation can not exceed 1.0.)

K = monitor countrate (cpm) expected based on the gross activity of the release
(this value is obtained from a graph of activity (uCi/ml) versus output
countrate for the monitor (cpm));

FwFa = number of times the activity would have to increase to exceed the
radioactive liquid effluent-concentration limitation; and

B = background countrate (cpm) prior to the release.

To permit the computer to calculate the setpoint, an equation for the expected countrate
(K) is expressed as follows:

K = Offset * S,5'°Pe

where:
Slope Log of the detector response in cpm
Log of activity concentration in uCi/ml
Sa = Gross gamma (Cs-137 equivalent) activity for the tank (uCi/ml); and
Offset = detector response (cpm) for the minimum detectable sample activity

calculated from the calibration data.

Note: I&C personnel use varying concentrations of Cs-137 to determine
the response curve; therefore, a Cs-137 equivalent activity must
be used to accurately predict the countrate.

Combining terms, the equation for determining the monitor setpoint may be expressed
as follows:

M, = A[(Offset * SpS°P°)F\/Fa] + B

Liquid Dose Calculation

The “dose” or “dose commitment” to an individual in the unrestricted area shall be less than or
equal to the limits specified in ‘Radioactive Liquid Effluents — Dose’ Limitations. The dose limits
are on a per reactor basis. This value is calculated using the adult as the maximum exposed
individual via the aquatic foods (Sport Freshwater Fish) and the potable water pathways.

2.21

Dose Calculations for Aquatic Foods

The concentrations of radionuclides in aquatic foods are assumed to be directly related to the
concentrations in water. The equilibrium ratios between the two concentrations are called
“bioaccumulation factors.”
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Two different pathways are calculated for aquatic foods: sport and commercial freshwater fish.

The internal dose “d” from the consumption of aquatic foods in pathway “p” to organ " of

individuals of age group “a” from all nuclides “i” is computed as follows (see Chapter 4 of
NUREG-0133 and RG 1.109-12, equation A-3):

d, (r0,a,)) = Z[{(1100)(e e )(B)}M)(Ua)(F) " (Qi)(Dai)]
The total dose from both aquatic food pathways is then:

D(r,0,a,j) = X d, (r,06,a,)
P

where:

r = user-selected distance from the release point to the receptor location, in kilometers.
It may be different from the controlling distance specified for the potable water
pathway (0.4 km);

0 = user-selected sector (one of sixteen 22.5° sectors surrounding the reactor site,
designated N, NNE, NE, etc.). This sector may be different from the controlling
sector specified for the potable water pathway (S);

A = user-selected age group: infant, child, teen, adult. It is the same controlling age
group used in the potable water pathway (adult);

J = user-selected organ: bone, liver, total body, thyroid, kidney, lung, GI-LLI. It is the
same controlling organ used in the potable water pathway (liver);

{} = represents the concentration factor stored in the database;
Note: Only one concentration factor is needed to represent the two pathways

since sport and commercial use the same bioaccumulation factor for a
given pathway.

N
-
o
o
1

factor to convert from (Ci/yr)/(ft*/sec) to pCilliter;

@
|

in hr;

=
I

decay constant of nuclide

to = environmental transit time, release to receptor;

Note: This value should be set to 0 hours (i.e., no decay correction) for the above
equation in order to be consistent with the equation presented in Chapter 4
of NUREG-0133. For maximum individual dose calculations, this value is
set to 24 hours, which is the minimum transit time recommended by
RG 1.109, Appendix A, 2.b.

w:n

Bi = bioaccumulation factor for nuclide “”, in pCi/kg per pCilliter. Cesium has a site
specific number based on carnivorous and bottom feeder sport fish of 400 pCi/kg
per pCi/liter (0CAN048408, dated April 13, 1984); Niobium has a site specific
number based upon freshwater fish of 300 pCi/kg per pCilliter.

M = dimensionless mixing ratio (reciprocal of the dilution factor) at the point of exposure;
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U, = annual usage factor that specifies the intake rate for an individual of age group “a”,
in kilograms/year. The program selects this usage factor in accordance with the

controlling age group “a” as specified previously by the user;

F = average flow rate in ft*/sec. This value is based on total dilution volume for the
quarter divided by time into the quarter;

Q = number of curies of nuclide “i” released; and

D.j = ingestion dose factor for age group “a”, nuclide “”, and organ ", in mrem per pCi

ingested. The program selects the ingestion dose factor according to the user-
specified controlling age group “a@” and controlling organ “j”.

2.2.2 Dose Calculations for Potable Water

The dose “D” from ingestion of water to organ “” of individuals of age group “a” due to all
nuclides “” is calculated as follows (See Chapter 4 of NUREG-0133 and NRC RG 1.109-12,

equation A-2):
Note: The potable water pathway is used only during the time that the Russellville Water

System is using the Arkansas River as a water source. The Russellville Water Works
will notify ANO when they are using the Arkansas River as a water source.

D (r,0.a,) = % [{(1100)(e 7 )}(M)(Ua)(F")(Q)(Day)]

where:

r = user-selected distance (0.4 km) from the release point to the receptor location, in
kilometers. It may be different from the controlling distance selected for the aquatic
food pathway;

0 = user-selected sector; (one of the sixteen 22.5° sectors surrounding the reactor site,
designated N, NNE, NE, etc.). It may be different from the controlling sector for the
aquatic food pathway;

a = user-selected age group (infant, child, teen, adult). The same controlling age group
is used for all liquid pathways (adult);

j = user-selected organ (bone, liver, total body, thyroid, kidney, lung, GI-LLI). The
same controlling organ is used for all liquid pathways (liver).

{} = the expression in brackets represents the concentration factor stored in the
database;

1100 = factor to convert from (Ci/yr)/(ft*/sec) to pCilliter;

M = dimensionless mixing ratio (reciprocal of the dilution factor) at the point of exposure;

i = decay constant of nuclide “” in hr': and

to = environmental transit time, release to receptor.

Note: This value is set to 0 hours (i.e., no decay correction) for the above
equation to be consistent with the equation presented in Chapter 4 of
NUREG-0133.
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U, = annual usage factor that specifies the intake rate for an individual of age group “a”,
in liters/year. The program selects this usage factor according to the user-specified

controlling age group “a”;

F = average flow rate in ft’/sec; this value is based on total dilution volume for one
quarter divided by time into the quarter;

Q = number of curies of nuclide “i” in the release; and

D.j = ingestion dose factor, for age group “a”, nuclide “”, and organ “”, in mrem per pCi

ingested. The program selects the ingestion dose factor according to the user-

specified controlling age group “a@” and controlling organ “j”.

2.3 Liquid Projected Dose Calculation

The quarterly projected dose is based upon the methodology of Section 2.2 and is expressed as
follows:

Dap = 92(DQC + DRP)/T

where:
Dgr = quarterly projected dose (mrem);
92 = number of days per quarter;
Dqc = cumulative dose for the quarter (mrem);
Drp = dose for current release (mrem); and

T = current days into quarter;

3.0 GASEOUS EFFLUENTS

3.1 Gaseous Monitor Setpoints

Note: Sections 3.1.1 and 3.1.2 below detail two methods of calculating setpoints at ANO.
These methods cover two different sets of monitors of which only one will be in-service
at any one time.

3.1.1 Batch Release Setpoint Calculations

3.1.1.a This section applies to the following gaseous radiation monitors (these releases are
also monitored by the SPING monitors in Section 3.1.2):

ANO-1: RE-4830 — Waste Gas Holdup System Monitor*
RX-9820 — Reactor Building Purge and Ventilation SPING

ANO-2: 2RE-8233 — Containment Building Purge Monitor*
2RE-2429 — Waste Gas Holdup System Monitor*
2RX-9820 — Containment Building Purge and Ventilation SPING

* These monitors provide automatic isolation.
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The setpoints to be used during a batch type of release (i.e., Reactor Building
[Containment] Purge, release from the Waste Gas Holdup System or any other non-
routine release) will be calculated for each release before it occurs.

3.1.1b The basic methodology for determining a monitor setpoint is based upon the
expected concentration at the monitor (Cy). This is in turn based upon the fraction of
an MPC assigned to this release point. Batch releases are maintained below the
assigned MPC fraction by controlling the release rate. The calculated value of S
may not exceed the equivalent of 1 MPC at site boundary. If value of S for
RX (2RX) -9820 is less than SPING Channel 5 high alarm setpoint, then the high
alarm setpoint may be used as a default value. If the value of S for RE-4830 and
2RE-2429 is less than 50,000 cpm, then 50,000 cpm may be used as a minimum
setpoint. If the value of S for 2RE-8233 is less than 1,000 cpm, then 1,000 cpm may
be used as a minimum setpoint.

S = 1.2(Cw)(K) + (2.0)(B)
where:
S = monitor setpoint (cpm);
Cu = Xe-133 equivalent concentration at the monitor (uCi/ml);

K = conversion factor determined from response curve of monitor (cpm
per uCi/ml). This value is 1.0 when calculating S for RX (2RX) -9820.

2.0 = factor to accommodate random count rate fluctuations;
B = background count rate at the monitor (cpm).
1.2 = Safety Factor to correct for instrument uncertainties.

3.1.2 Eberline SPING (Final Effluent) Monitor Setpoint Calculations
3.1.2.a This section applies to the following gaseous radiation monitors:

ANO-1:  RX-9820 — Reactor Building Purge and Ventilation SPING
RX-9825 — Auxiliary Building Ventilation SPING
RX-9830 — Spent Fuel Pool Area Ventilation SPING
RX-9835 — Emergency Penetration Room Ventilation SPING

ANO-2:  2RX-9820 — Containment Building Purge and Ventilation SPING
2RX-9825 — Auxiliary Building Ventilation SPING
2RX-9830 — Spent Fuel Pool Area Ventilation SPING
2RX-9835 — Emergency Penetration Room Ventilation SPING
2RX-9845 — Auxiliary Building Extension Ventilation SPING
2RX-9850 — Radwaste Storage Building Ventilation SPING
The determination of setpoints for the above monitors is based on an assigned
fraction of the MPC of noble gas activity at the site boundary (Xe-133 equivalent)
released from the above release points. The total of these fractions is always less

than 1.00. The assigned fractions are based on the vent flow rates, atmospheric
dilution rate, and the ventilation system(s) in operation.
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Note: The fact that an effluent monitor is in alarm does not necessarily mean that
radioactive gases are being released at such a rate that the MPC limit is
being exceeded. The alarm would indicate that radioactive gases are being
released at a rate that is exceeding the fractional allocation of an MPC
allotted to that particular release point. Consideration must be given to the
release rate of radioactive gases via all of the release pathways.

The initial fractions of an MPC allocated to the release points are given below. The
allocations may be changed as needed, to allow for operational transients, but may
not exceed a site total of 1.00.

Monitor Number

RX-9820
RX-9825
RX-9830
RX-9835

Monitor Number

2RX-9820
2RX-9825
2RX-9830
2RX-9835
2RX-9840
2RX-9845
2RX-9850

Monitor Name Fractional Allocation
Reactor Building Purge and Ventilation 0.1000
Auxiliary Building Ventilation 0.2000
Spent Fuel Pool Area Ventilation 0.1500
Emergency Penetration Room Ventilation 0.0001

Monitor Name Fractional Allocation
Containment Building Purge and Ventilation 0.1000
Auxiliary Building Ventilation 0.2000
Spent Fuel Pool Area Ventilation 0.1500
Emergency Penetration Room Ventilation 0.0001
PASS Building Ventilation 0.0100
Auxiliary Building Extension Ventilation 0.0100
Radwaste Storage Building Ventilation 0.0100

Note: The setpoints to be used during a batch release (i.e., Reactor Building
[Containment] Purge or Waste Gas Holdup System) will be calculated for
each release before it occurs.

3.1.2.b SPING monitor setpoints may be calculated as follows:

where:

Xe-133 eq
F

Revision 25

Setpoint (uCi/cc) =A [ Xe-133 eq (uCi/ce) ]

F(9.4390E-9)(TMPC)

allocation fraction (the fraction of an MPC at the site boundary (of
noble gas Xe-133 eq activity) assigned to the particular release
point);

Xenon-133 equivalent concentration;

discharge flow of the particular release point in cubic feet per
minute (cfm)

3
9.4390E-9 = 2.8317E-2(cm/cf) [2-05‘5(590_/”1 )]
60(sec/min)
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where:
2.0E-5 = the annual average gaseous dispersion factor (corrected for
radioactive decay) as defined in Section 2.3 of the ANO-1/ANO-2
Safety Analysis Report (SAR); and
TMPC = total MPCs at site boundary.

Airborne Release Dose Rate Effects

Noble Gas Release Rate

To calculate the noble gas release dose rate, the average ground-level concentration

of radionuclide “i” at the receptor location must first be determined from the following
equation (see RG 1.109-20 equation B-4).

X (0) = (3.17 x 10*)(Q)[D1X/Q(0)]

where:
Xi (0) = average ground level concentration in pCi/m® of nuclide “i” at the
user-specified controlling distance in sector 6 (1.05 km);
(6) = one of the sixteen 22.5° sectors surrounding the reactor site,

designated N, NNE, NE, etc. (WNW);
3.17 x 10* = number of pCi per Ci divided by the number of seconds/year;

Qi = release rate of nuclide “” in curies/yr and

D1X/Q(6) = annual average gaseous dispersion factor (corrected for
radioactive decay) in the sector at angle “0" at the receptor location
in sec/m®. This value is 2.0E-5 sec/m® for short term releases.

The annual dose to the total body and skin due to noble gas can be calculated
according to Sections 3.1.2.b and 3.2.1.c.

Annual Total Body Dose Rate

The annual average total body dose rate to the maximally exposed individual is
calculated as follows:

D'(8) = (RBPF)(Se)(Zi [x(6) * DFB]

where:

D'(®) = total body dose rate due to immersion in a semi-infinite cloud of gas at
the controlling distance in sector “0“ in mrem/yr. The program
computes one total body dose rate value for each sector in which the
user has specified a controlling distance and reports only the maximum
value;

0 = one of sixteen 22.5° sectors surrounding the reactor site, designated

N, NNE, NE, etc. (WNW);
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Reactor Building (Containment) Purge Factor — This factor is used to
calculate the length of time (fractional duty cycle) that the purge fans
will be in operation. It is calculated by comparing the highest dose rate
(DOSER) to its applicable release limit, taking into account the
allocation factor for the release point (RBPF = Allocation *
Limit/DOSER). This factor is calculated only for ANO-1 and ANO-2
Reactor Building (Containment) purges. For all other releases, this
factor is set to 1.0;

dimensionless attenuation factor accounting for the dose reduction due
to shielding by residential structures. The NRC recommended value is
0.7 (for maximum individual)

w

average ground-level concentration of nuclide “i” at the receptor
location in the sector at angle “6“ from the release point, as defined in
Section 3.2.1.a; and

total body dose factor for a semi-infinite cloud of radionuclide “i”, which

includes the attenuation of 5 g/cm? of tissue, in mrem-m®/pCi-yr

3.21.c Annual Skin Dose Rate

The annual dose rate to the skin of the maximally exposed individual due to noble
gases is calculated as follows (see RG 1.109-20 equation B-9):

where:
D%(0)

RBPF

1.1
Sk

xi(0)

DF’

DFS;
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D%(0) = RBPF[(1.11)(Sk)(Zi(x(0))(DF}) + Zi(x(6))(DFS))]

skin dose due to immersion in a semi-infinite cloud of gas at the user-
specified controlling distance in sector “06°, in mrem;

Note: The program computes a skin dose value for each sector in
which the user as specified a controlling distance, but prints
out only the maximum value.

Reactor Building [Containment] Purge Factor as defined in
Section 3.2.1.b.

average ratio of tissue to air energy absorption coefficient;

dimensionless attenuation factor accounting for the dose reduction due
to shielding by residential structures. The value is 0.7 (for maximum
individual);

is the average ground-level concentration of nuclide “i” at the receptor
location in the sector at angle “6“ from the release point, as defined in
Section 3.2.1;

one of sixteen 22.5° sectors surrounding the reactor site, designated
N, NNE, NE, etc. (WNW);

gamma air dose factor for a semi-infinite cloud of radionuclide
mrad-m®/pCi-yr; and

, in

beta skin dose factor for a semi-infinite cloud of radionuclide “”, which
includes the attenuation by the outer “dead” layer of skin, in

mrem-m?/pCi-yr.
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3.2.2 [-131, Tritium and Particulate Release Dose Rate Effects

The annual dose rate to the maximally exposed individual for [-131, tritium and radionuclides in
particulate form with half-lives greater than eight days is calculated as follows:

DR™" = (RBPF)(DR' + DR® + DRY)
where:

RBPF = Reactor Building (Containment) Purge Factor as defined in Section 3.2.1.b;

DR = dose rate to the controlling age group (infant) associated with the inhalation of
radioiodines and particulates, as calculated in Section 3.4.1.b;

DR® = dose rate from direct exposure to activity deposited on the ground plane, as
calculated in Section 3.4.1.a; and

DRY = dose rate to the controlling age group (infant) and the controlling organ for
ingestion of food (milk), as calculated in Section 3.4.1.d.

Calculation of the annual dose rate considers the infant as the most restrictive age group. The
organs that are considered as contributing to the dose rate are: skin, bone, liver, total body,
thyroid, kidney, lung, and GI-LLI. The food pathway for the infant is considered to be from milk
only. All three pathways will contribute to the total body dose, while the skin will be affected by
only the ground plane pathway. The other organs are affected only by the inhalation and food
pathways.

3.3 Dose Due to Noble Gases

The air dose in unrestricted areas due to noble gases released in gaseous effluents shall be
less than or equal to 5 mrad for gamma radiation and 10 mrad for beta radiation for any
calendar quarter for each unit. The objective of less than or equal to 10 mrad of gamma
radiation and 20 mrad of beta radiation for a calendar year per unit (2.5 mrad and 5 mrad
respectively per quarter) should be used for planning releases.

Note: The following equations have been simplified from equations in NUREG-0133,
Revision 0, in that there are no free-standing stacks at ANO. The equations were further
simplified in that there are no long term (i.e., continuous) releases. The individual stack
vents are sampled weekly, or are assigned a release period of 168 hours per sample
(i.e., considered as short term (batch) releases). Individual samples are to be taken for
each waste gas release and Reactor (Containment) Building purge.

3.3.1 Beta and Gamma Air Doses from Noble Gas Releases

@

Using the average ground level concentration of radionuclide “i” at the receptor location
calculated in Section 3.2.1.a, the associated annual gamma or beta air dose may be calculated
by the following equation (see RG 1.109-20 equation B-5).

D(6) or DP(6) = i [(x(6))(DF{ or DF¥)]

where:
D(6) or D’(0) = the gamma or beta air dose for the controlling distance in sector “6” (only
the maximum value is reported), and
DF/or DFiB = gamma or beta air dose factors for a uniform semi-annual infinite cloud of

“w
|

nuclide “i”, in mrad-m*/pCi-yr.
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3.4 Dose Due to 1-131, Tritium, and Particulates in Gaseous Effluents

The calculational methodology for determining the dose to an individual from 1-131, tritium, and
radionuclides in particulate form with half-lives greater than 8 days in gaseous effluents
released to unrestricted areas as specified in the Limitations is in this section.

The child is the controlling age group unless stated otherwise.

The inhalation and ground plane pathways are considered to exist at all locations. The grass-
cow-milk, grass-cow-meat, and vegetation pathways are used where applicable.

It is assumed that iodines are in the elemental form.

A dispersion parameter of 2.0E-5 sec/m® (per ANO-1/ANO-2 SAR, Section 2.3) is used for “w” in
the inhalation pathway since the majority of gaseous activity released from the site is within the
8 to 24 hours time frame (i.e., Reactor Building [Containment] purges and Waste Gas Decay
tanks).

The equation is:

DTOT= DG+D|+DV+DL+DM+DF

where:

D™T = total dose;

D® = dose contribution from ground plane deposition as calculated in Section 3.4.1.a;

D' = dose contribution from inhalation of radioiodines, tritium, and particulates (> 8 days)
as calculated in Section 3.4.1.b;

DY = dose contributions from consumption of vegetation (defined as produce) for humans
and stored feed for cattle. See Section 3.4.1.c for calculations;

D" dose contributions from consumption of fresh leafy vegetables (defined as garden
products) for humans and pasture grass for cattle. See Section 3.4.1.c for
calculations;

D™ = dose contribution from consumption of cow's milk; and
Note: Consumption by the cow of both stored feeds and pasture grasses is taken

into account when calculating this dose contribution. Concentration factors
for both food sources are calculated.

D" = dose contribution from consumption of meat.

Note: Consumption by the cow of both stored feeds and pasture grasses is taken
into account when calculating this dose contribution. Concentration factors
for both types of animal are calculated.
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3.4.1 Total Dose from Atmospherically Released Radionuclide

After the calculation of the concentration factors from the applicable parts of Section 3.4.1, the

maximum individual dose as calculated for controlling age group “a” and controlling organ “”, in

sector 0 at the controlling distance “r

where:

DFli,

Uz, Us, UG, U,

Ci. D; CI'Df

Revision 25

is given from:

DE(r,0,j,a) (Section 3.4.1.a)  for ground plane deposition

D'(r,0,j,a) (Section 3.4.1.b)  for inhalation
DV(r.8,j,a) = ;DFIijaUZC?(r,e) for produce
|
D r.0,j,a) = _ZDFIi,-aUz';CiL(r,e) for leafy vegetables
|
D(r.0ja) = ZDFIuU:C{r0)  for cow's milk
|
D'(r6ja) = XDFILU.C{r6)  for meat

controlling age group (infant, child, teen, or adult);
controlling organ (bone, liver, total body, thyroid, kidney, lung, or GI-LLI);

user-selected distance from the release point to the receptor location in a
particular sector, in kilometers (the controlling distance is the same for all
airborne pathways, 1.05 km);

one of sixteen 22.5° sectors surrounding the reactor site, designated N,
NNE, NE, etc. (WNW);

dose conversion factor for ingestion of nuclide

[P l]

group “a@”, in mrem/pCi;

w 11

i”, organ “”, and age

Note: Values used in these tables are taken from Tables E-11 through
E-14 of RG 1.109. DFly, is selected according to the controlling
organ and age group as specified in the database.

ingestion rates for produce, leafy vegetables, cow's milk, and meat,
respectively, for individuals in age group “a”. Values used are taken from
Table E-5 of RG 1.109.);

“i”

concentration of nuclide “i” for produce, leafy vegetables, cow's milk, and
meat, respectively, in pCi/kg or pCilliter.

The program calculates that maximum individual dose for each sector
surrounding the plant in which the user has specified a controlling
distance for each of the following pathways: A) ground plane deposition;
B) inhalation and the ingestion of, C)produce; D) leafy vegetables;
E) cow's milk; and F)meat. Only the receptor point receiving the
maximum dose value is printed.
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3.41.a Dose from Ground Plane Deposition

The dose D® from direct exposure to activity deposited on the ground plane is calculated as
follows (see RG 1.109-24, equations C-1 and C-2):

where:

{}
Sr

1.0 x 10"
Ai
ty

DOQ(r,0)

Qi
DFG;

D%(R,0,j,a) = {(Se)(1.0 x 10™)(Z{(x")(1 — &""*)[(DOQ(r,0))(Q)(DFG;)

user-selected distance from the release point to the receptor location in a
particular sector, in kilometers. The controlling distance is the same for all
airborne pathways (1.05 km);

one of sixteen 22.5° sectors surrounding the reactor site, designated N, NNE,
NE, etc. (WNW);

user-selected age group (infant, child, teen, adult) which is the same controlling
age group used for all airborne pathways (child);

user-selected organ (bone, liver, total body, thyroid, kidney, lung, GI-LLI) which
is the same controlling organ used for all airborne pathways;

represents the concentration factor stored in the database;

dimensionless attenuation factor accounting for the dose reduction due to
shielding by residential structures. The value is 0.7 (for maximum individual);

number of pCi per Ci;

“w

decay constant of nuclide “” in hrt:

length of time over which the accumulation is evaluated (nominally 15 years
which is the approximate midpoint of facility operating life or 1.31 x 10° hours);

7]

average relative deposition of the effluent at the receptor location “r’ in sector
“9“, considering depletion of the plume during transport, in m? (1.7E-8/m?);

“wn

release of nuclide “i” in curies, and

1

open field ground plane dose conversion factor for organ “j” (total body or skin)
from radionuclide “i”, in mrem-mZ/pCi-hr. The dose factor is selected according

@

to the user-specified controlling age group “a” and controlling organ “j”.

341b Dose from Inhalation of Radionuclides in Air

13

The dose DI to organ “” of age group “a” associated via inhalation of radioiodines and
particulates is (see RG 1.109-25, Equations C-3 and C-4):

where:

Revision 25

D'(r,0,j,a) = (3.17 x 10%)(Ra)(Z[(Q;)(D2DPX/Q(r,0))(DF A;s)]

= user-selected distance from the release point to the receptor location in a
particular sector, in kilometers. The controlling distance is the same for all
airborne pathways (1.05 km);

= one of sixteen 22.5° sectors surrounding the reactor site, designated N,
NNE, NE, etc. (WNW);
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j = user-selected organ (bone, liver, total body, thyroid, kidney, lung, GI-LLI)
and is the same controlling organ as that used for all airborne pathways;

a = user-selected age group (infant, child, teen, adult) and is the same
controlling age group as that used for all airborne pathways;

3.17 x 10* = number of pCi/Ci divided by the number of seconds/year;

Ra = annual air intake for individuals in age group “a” (in m%year). The air
intake factor is selected in accordance with the user-specified controlling
age group;

Q = release of nuclide “i” in curies;

D2DPX/Q(r,6) = annual average atmospheric dispersion factor of the radionuclide at the

receptor location “r” in sector “6“ (in sec/m®) as calculated; and
Note: This includes depletion (for radioiodines and particulates) and
radioactive decay of the plume.

DFAj. = inhalation dose factor for radionuclide “i”, organ “j”, and age group “a”. The
inhalation dose factor is selected in accordance with the user-specified

[P ] 11

controlling age group “a” and controlling organ .
3.4.1.c Dose from Nuclide Concentrations in Vegetation

Note: To reduce the computational overhead of the computer, the calculations for dose
resulting from nuclide concentrations in forage, produce and leafy vegetables is
performed in three steps.

First, the concentration factors (CF) are computed and stored in the database. The
concentration factor includes all the parameters that are considered constant for each nuclide
and agricultural activity, such as the radioactive decay constant, removal rate constant,
exposure time, etc.

Second, the deposition rate from the plume is multiplied by the concentration factor and the
nuclide activity to produce the nuclide concentration as follows:

Ci(r.6) = (CF)(DOQ(r,0))(Q)

where:
C\i/(r,e) = concentration of nuclide “i” at the receptor location (r,0);
CF; = concentration factor of nuclide “i”;
DOQ(r,0) = relative deposition of nuclide “i”. For the short term dispersion option, DOQ is
replaced by (F x DOQ), where F is the short term dispersion correction factor;
Qi = quantity of nuclide “i” released in curies.

For carbon-14 and tritium, the nuclide concentration is calculated from the concentration factor
times the decayed and depleted X/Q for radioiodines and particulates (D2DPX/Q), times the
quantity of nuclide “i” released in curies. For the short term dispersion option, D2DPX/Q is
replaced by F x D2DPX/Q, where F is the short term dispersion correction factor.
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CHr,0) = (CFr)(D2DPX/Q(r,0))(Qr) for tritium, and
CFY14(r,0) = (CF+14)(D2DPX/Q(r,0))(Qu4) for carbon-14

Third, the nuclide concentrations for a particular pathway (produce, leafy vegetables, cow's milk,
and meat) are summed and multiplied by: 1) the ingestion rate for a particular age group and
2) the dose conversion factor:

D(r,0,j,a) = % [(DFly)(Ua)(Ci(r.0))]

where:

r = user-selected distance from the release point to the receptor location in a
particular sector, in kilometers (1.05 km);

0 = one of sixteen 22.5° sectors surrounding the reactor site, designated N, NNE, NE,
etc. (WNW);

j = user-selected organ (bone, liver, total body, thyroid, kidney, lung, GI-LLI), and is
the same controlling organ as that used for all airborne pathways;

a = user-selected age group (infant, child, teen, adult), and is the same controlling
age group as that used for all airborne pathways;

DFlja = dose conversion factor for ingestion of nuclide “”, organ “”, and age group “a”, in
mrem/pCi, according to the controlling organ and age group;

Ua = annual ingestion rate of food in a particular pathway (kilograms/year or liters/year)
for individuals in age group “a”, according to the controlling age group; and

C\i’(r,e) = concentration of nuclide “i” at the receptor location (r,0).

3.4.1.c.1 Calculating Vegetation Concentration Factors

NUREG-0133 calculations for radioiodines and particulate radionuclides (except tritium and
carbon-14), the concentration factor of nuclide “i” in and on vegetation is estimated as follows:

CF/ = (CONST)(ro—=~)(e"""\(f)

(Y\) (%)
where:

CFY = concentration factor of radionuclide “i” in vegetation (forage, produce, or leafy
vegetables), in m?hr/kg;

CONST = 1.14 x 10® number of pCi per Ci (10'?) divided by the number of hours per year
(8760);

r = is the fraction of deposited activity retained on crops, leafy vegetables, or pasture
grass, from airborne radioiodine and particulate deposition:
r = 1.00 for radioiodines
r = 0.20 for particulates

Y, = agricultural productivity (yield or vegetation area density), in kg (wet weight)/m?:

Y, = 2.0 kg/m? for stored animal feed for grass-animal-man pathways

Y, = 0.7 kg/m? for pasture grass for grass-animal-man pathways
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Y, = 2.0 kg/m? for leafy vegetation (fresh) for crop/vegetation-man pathways
Yy = 2.0 kg/m? for garden produce (stored vegetables) for crop/vegetation-man
pathways
Ai = is the decay constant of nuclide “i” in hr;
th = is a holdup time that represents the time interval between harvest and
consumption of the food, in hours:
t, = 0 hours for pasture grass consumed by animals
t, = 2160 hours for stored feed consumed by animals
tn = 24 hours for leafy vegetables consumed by humans
t, = 1440 hours for produce consumed by humans
f = is the fraction of leafy vegetables or produce grown in garden of interest:
f = 0.76 for the fraction of produce ingested, grown in garden of interest (this
is fg in equation C-13 of RG 1.109)
f = 1.00 for the fraction of leafy vegetables grown in garden of interest (this is
fi in equation C-13 of RG 1.109)
f = 1.00 for all other pathways

3.41.c.2 Concentration Factor for Carbon-14

For carbon-14, the concentration factor in and on vegetation is estimated as follows (see
RG 1.109-26, equation C-8):

CFYi4 = (2.2x107)(p)

where:
CFYi, = concentration factor of carbon-14 in and on vegetation, in m*-hr/kg; and
o = is defined as the ratio of total annual release time (for C-14 atmospheric releases)

to the total annual time during which photosynthesis occurs (taken to be
4400 hours), under the condition that the value of “p*“ should never exceed unity.
For continuous C-14 releases, “p* is taken to be unity (thus, the value of 2.2 x 10’

is stored for CFV4, in lieu of a site specific value for “p“).

3.4.1.c.3 Concentration Factor for Tritium

The concentration factor for tritium in vegetation is calculated from the tritium concentration in
air surrounding the vegetation (see RG 1.109-27, equation C-9):

v _ 1.2x10’
CFr =—"w
where:
CF{ = concentration factor for tritium in vegetation (in m?-hr/kg); and
H = absolute humidity at the location of the vegetation, in g/m?® (the regulatory default

value for “H” is 8.0 grams/m?®).

Thus, the value 1.5 x 108 is stored for CF\4 in lieu of a site specific value for “H”.
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34.1.c4 Nuclide Concentrations in Produce and Leafy Vegetables

The concentrations in and on produce and leafy vegetables of all radioiodine and particulate

nulcides “i” (except carbon-14 and tritium) are calculated as follows:
Cl(r,0) = (CF)DOQ(r,0))(Q;) for produce; and

Ci(r,0) = (CFiL)(DOQ(r,e))(Qi) for leafy vegetables

where:
CF/ = concentration factor of nuclide “i” in produce;
CFF = concentration factor of nuclide “i” in leafy vegetables;

Note that the difference between CF’ and CF'i‘are the values for t,, and f;.

DOQ(r,0)
Q

relative deposition of the radionuclide “i” at the receptor (r,0); and

release of nuclide “i” (in curies).
The C-14 and H-3 nuclide concentrations are calculated from the concentration factors times
the decayed and depleted radioiodine relative deposition D2DPX/Q times the fraction grown in
the garden of interest (f; = 0.76, f; = 1.0):

C(r,0) = (CFY)(D2DPX/Q(r,0))(Qr)(f;)

C¥(r,0) = (CF5)(D2DPX/Q(r,0))(Qr)(f;) for tritium
C14(r,8) = (CF14)(D2DPX/Q(r,0))(Qua)(fo)
C1(r,0) = (CF{3)(D2DPX/Q(r,0))(Q14)(f;) for carbon-14

34.1d Nuclide Concentration in Cow's Milk
The radionuclide concentration in cow's milk is dependent upon the quantity and contamination

level of feed consumed by the animal. The concentration is estimated (see RG 1.109-27,
equations C-10 and C-11) as follows:

Cilr0) = {(Fm)(Qe)e  (E:)(E)CF + (1 - fp)(CFiV)1 + (f)(1 - f,)(CFID(r,0)(Q)
where:
CRr,G) = is the concentration of nuclide “I” in cow's milk at the receptor location (r,0), in
pCilliter;
{} = the expression in brackets represents the concentration factor (note that the

concentration factor for cow's milk involves two different vegetation concentration
factors (see below));

@

Fr = average fraction of the cow's daily intake of radionuclide “i” (which appears in each
liter of milk), in days/liter;

Qr = amount of feed consumed by the cow per day, in kg/day (wet weight);
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“wn

decay constant of nuclide “” in hr;
average transport time of the activity from the feed into the milk and to the receptor
(a value of 2 days is assumed);

fraction of the year that cows graze on pasture;
fraction of daily feed that is pasture grass when the cow grazes on pasture;

1
|

vegetation concentration factor of nuclide “i” on pasture grass with the holdup time
t, = 0 days, in pCi/kg (refer to the explanation of the vegetation concentration factor
calculation);

wsn
|

vegetation concentration factor of nuclide “i” in stored feeds with the holdup time
t, = 90 days, in pCi/kg (refer to the explanation of the vegetation concentration
factor calculations);

relative deposition DOQ(r,0) of the radionuclides, except carbon-14 and tritium.
For carbon-14 and ftritium, the decayed and depleted dispersion factor
D2DPX/Q(r,0) for radiciodines and particulates (in sec/m®) is used; and

is the release of nuclide “i” in curies.

Nuclide Concentration in Meat

The radionuclide concentration in meat is dependent upon the quantity and contamination level
of feed consumed by the animal. The concentration is estimated (see RG 1.109-27, equations
C-11 and C-12) as follows:

Clr0) = {(F(Qe)E™ S)(E)(E)CF) + (1- £,)(CF) +(f,)(1 — ) CFID(r.0)(Q)

where:

Note: All parameters used in this pathway are for beef cattle.

cir,0) =
{} =

Ff =

Revision 25

concentration of nuclide “i” in animal flesh at the receptor location (r,0) in pCil/liter;

the expression in brackets represents the concentration factor (note that the
concentration factor for meat involves two different vegetation concentration
factors);

“n

average fraction of the animal's daily intake of radionuclide “i” which appears in
each kilogram of flesh (in days/kg);

amount of feed consumed by the animal per day in kg/day (wet weight);

“

decay constant of nuclide “” in hr':

average time from slaughter of the animal to consumption by humans (20 days);
fraction of the year that animals graze on pasture;

fraction of daily feed that is pasture grass when the animal grazes on pasture;

w

vegetation concentration factor of nuclide “i” on pasture grass with the holdup time
t, = 0 days in pCi/kg (refer to the explanation of the vegetation concentration factor
calculation);

@
|

vegetation concentration factor of nuclide “i” in stored feeds with the holdup time
tn = 90 days, in pCi/kg (refer to the explanation of the vegetation concentration
factor calculation);
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D(r,0) = relative deposition DOQ(r,0) of the radionuclides, except carbon-14 and tritium.
For carbon-14 and ftritium, the decayed and depleted dispersion factor
D2DPX/Q(r,0) for radiciodines and particulates (in sec/m®) is used;
Qi = is the release of nuclide “” (in curies).

3.5 Gaseous Effluent Projected Dose Calculation

3.5.1 The quarterly projected dose is based upon the methodology of Sections 3.3 and 3.4,
and is expressed as follows:

Dop = (2907082 )g2)
where:
Dgor = Quarterly projected dose (mrem);
Dqc = cumulative dose for the quarter (mrem);
Drp = dose for current release (mrem);
T = current days into quarter; and
92 = number of days per quarter.

3.6 Dose to the Public Inside the Site Boundary

3.6.1 Liquid Releases

Dose to the public inside the site boundary due to liquid releases will be due to ingestion of fish
caught from the discharge canal and exposure to sediment along the discharge canal bank
while fishing.

3.6.1.a Dose Due to Ingestion of Fish

Dose due to ingestion of fish is calculated using the methodology given in Section 2.2, Liquid
Dose Calculation.

3.6.1.b Dose Due to Exposure to Shoreline Sediments

Dose from external exposure to shoreline sediments is calculated from equation A-7 of
RG 1.109, Rev. 1, 10/77.

Rapi = 1 10,000(%%&(2 [(Q)(T)(Dap) (€™ P)(1-67®)]

where:
Rapp = is the total annual dose to organ “” of individuals of age group “a” from all of the
nuclides “i” in pathway in mrem/yr;
U, = is the usage factor that specifies exposure time for the maximum individual of age

[T 1]

group “a” in hours from Table E-5 of RG 1.109. Sixty-seven hours for shoreline
recreation for a teen was chosen. Adult is the controlling age group for ingestion but
the maximum usage factor (teen) was used rather than the adult factor to ensure a
conservative dose estimate;
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M, = is the mixing ratio (reciprocal of dilution factor);
W = is the shoreline width factor from Table A-2 of RG 1.109. The discharge canal value
of 0.1 was chosen;
F = is the flow rate of the liquid effluent in ft*/sec. This was determined by:

134, 1yr . 1hbr
1 gal 8760 hr 3600 sec

F(ft/sec) = waste volume (gallyr)

where:

Q = is the release of nuclide “i” in Cilyr;

T, = is the radioactive half-life of nuclide “”, in days, from Radioactive Decay
Data Tables, Technical Information Center, U. S. Dept. of Energy, 1981;

D.ipy = is the dose factor specific to age group “a@”, nuclide “”, and organ “j” from
Table E-6 of RG 1.109;

A = is the radioactive decay constant of nuclide “” in hr™;

to = is the average transit time for nuclides to reach the point of exposure. A
value of 0 hours was chosen due to the proximity of the discharge canal
to the plant; and

ty = is the period of time for which sediment is exposed to the contaminated

water in hours. The mid-point of plant operating life, 15 years was
chosen per RG 1.109.

3.6.2 Airborne Release

3.6.2.a Dose Due to Noble Gases

Dose to fisherman at the discharge canal can be calculated by the ratio of dispersion factor for
the discharge canal (1.6E-4 sec/m® from Table 2-45 SAR, Unit 1, 100 meters downwind in a
southerly direction) and the usage factor of 67 hours of shoreline recreation to the values used
in Section 3.3 of this manual.

Dose at discharge canal = D'(0) * ggg:g * 8%0er

where D'(0) is the noble gas dose calculated by Section 3.3.
3.6.2.b Dose Due to lodine, Tritium and Particulates from Gaseous Effluents
Section 3.4 calculates total dose for iodine, tritium and particulates as the sum of:

DTOT= DG+D|+DV+DL+DM+DF

where:
D€ = ground plane deposition; D" = consumption of fresh leafy vegetables;
D' = inhalation; D™ = consumption of milk; and
DY = consumption of vegetation; D = consumption of meat and poultry
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The only contributions relevant to fishing activities at the discharge canal are ground plane
deposition and inhalation. As D® and D' are not independently available, a conservative
estimate can be obtained by using the same correction factor developed for noble gas dose to
the total dose calculated in Section 3.4 for iodine, tritium and particulates. Depletion of the
plume as it travels downwind can be ignored since the fraction remaining in the plume at
100 meters (discharge canal) and 1046 meters (site boundary) are both greater than 90%
according to Figure 3 of RG 1.111.

The only activity inside the plant site by members of the public that might contribute a significant
dose is fishing along the banks of the discharge canal. Travel along public roads would involve
short exposure time and tours of the facility are conducted according to radiological control
procedures enforced at the plant to control exposure. Fishing is the only uncontrolled activity.

4.0 ENVIRONMENTAL SAMPLING STATIONS - RADIOLOGICAL

Section 1.0 of the ODCM provides reference to the Radioactivty Effluent Controls Program
governed by ANO-1 TS 5.5.4 and ANO-2 TS 6.5.4. However, a Radiological Environmental
Monitoring Program is also necessary to meet the intent of the purpose of the ODCM.

The Radiological Environmental Monitoring Program is established to provide radiation and
radionuclide monitoring in the environs surrounding the site. The program provides a method
for representative measurements of radioactivity in the highest potential exposure pathways. In
addition, the program provides for verification of the accuracy of the effluent monitoring program
and modeling of envronmental exposure pathways.

The Radiological Environmental Monitoring Program is established by the ODCM and conforms
to the guidance contained in 10 CFR 50, Appendix |. The program also provides for:

1. Monitoring, sampling, analysis, and reporting of radiation and radionuclides in the
environment in accordance with the methodology and parameters of the ODCM,

2. Aland use census to ensure that changes in the use of areas at and beyond the site
boundary are identified and that modifications to the monitoring program are made, if
required by the results of the census, and

3. Participation in an Interlaboratory Comparison Program to ensure that independent checks
on the precision and accuracy of the measurements of radioactive materials in
environmental sample matrices are performed as part of the quality assurance program for
environmental monitoring.

Environmental samples are collected as specified in the Limitations. The approximate locations
of selected sample sites are shown on Figures 4-1, 4-1A, and 4-1B for illustrative purposes.

Table 4-1 lists the approximate distances and directions of the sample stations from the plant.
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REPORTING REQUIREMENTS

Annual Radiological Environmental Operating Report

The Annual Radiological Environmental Operating Report is submitted by May 15 of each year
and contains a summary of the Radiological Environmental Monitoring Program for the reporting
period. This report meets the requirements of TS 5.6.2 (ANO-1) and TS 6.6.2 (ANO-2), and is
consistent with the objectives outlined in the ODCM and 10 CFR 50, Appendix |, Sections
IV.B.2, IV.B.3, and IV.C. The report is formatted consistent with RG 1.21, Revision 1, to the
extent possible. A single submittal is normally prepared incorporating the data for both ANO
units (common information is combined).

The Annual Radiological Environmental Operating Report includes the following:

1.

Summarized and tabulated results of all radiological environmental samples and
environmental radiation measurements required by the ODCM.

A summary description of the Radiological Environmental Monitoring Program.

A map of the sampling locations with concurrent table providing distances and directions
from the Reactor (Containment) Building. Because the ODCM contains this information
and the ODCM is submitted as part of the Radioactive Effluent Release Report, reference
to the Radioactive Effluent Release Report submittal date and letter number may be
included in the Annual Radiological Environmental Operating Report in lieu of submitting
the sample location map and table.

A summary of the land use census results in accordance with Surveillance S 2.5.2.2.

A summary of the Interlaboratory Comparison Program in accordance with, Surveillance
S25.3.1.

As required by the Limitations, the report shall include the following for the conditions listed
below:

1.

2.

A description of the condition or event and, if applicable, equipment involved.
The cause of the condition or event.
Actions taken to restore the condition and prevent/minimize recurrence.

The consequences of the condition or event.
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Limitation Rzgﬁ(i)rr?d Description
2.5.1 A2 e Sample not taken at required location*
e Sample equipment out-of-service (O0OS)
e Sample frequency not met
¢ Monitoring/analysis lower limit of detection (LLD) not met
e Concentration limits not met
e Dose from other radionuclides exceed concentration limits
2.5.1 B.1 New sample location identified
2.5.2 A1 New sample location identified
253 A1 Interlaboratory Comparison Program requirements not met
NA NA Other harmful effects or evidence of irreversible damage
detected

* The report shall include a summary of information not available for reporting at the time
of submittal. Such missing information shall be submitted in a supplemental letter when
data becomes available.

5.2 Radioactive Effluent Release Report

The Radioactive Effluent Release Report is submitted prior to May 1 of each year, but not more
than 12 months from the previous year’s submittal, and includes a summary of the quantities of
radioactive liquid effluents, gaseous effluents, and solid waste released from the site. This
report meets the requirements of TS 5.6.3 (ANO-1), TS 6.6.3 (ANO-2), 10 CFR 50.36a, and
10 CFR 50, Appendix I, Section IV.B.1. The report is formatted consistent with RG 1.21,
Revision 1. A single submittal is normally prepared incorporating the data from both ANO units
(common information is combined).

In general, the Radioactive Effluent Release Report includes the following:

1. A description of changes to the ODCM and PCP implemented during the reporting period.
TS 5.6.3 (ANO-1) and TS 6.6.3 (ANO-2) contain a description of the ODCM change
process.

2. A summary of the hourly meteorological data collected over the previous calendar year. In
lieu of including this information in the report, it is permissible to retain this summary
available for NRC review, if so noted in the report.

3. A summary of radiation doses due to radiological effluents during the previous calendar
year, calculated in accordance with the methodology specified in the ODCM.

4. The radiation dose to members of the public while performing activities inside the site
boundary. The calculated dose includes only contributions directly attributed to operation
of the units.

5. A description of major changes to the radioactive waste systems (liquid/gaseous/solid)
during the previous calendar year, if not included in the cycle SAR update.
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As required by the Limitations, the report shall include the following for the conditions listed
below:

1. A description of the condition or event and, if applicable, equipment involved.

2. The cause of the condition or event.

3. Actions taken to restore the condition and prevent/minimize recurrence.

4. The consequences of the condition or event.

Limitation Rzgﬁgr?d Description
211 D.1 Liquid radioactive monitoring equipment OOS > 30 days
2.21 G.1 Gaseous radioactive monitoring equipment OOS > 30 days
2.3.1 A.2 Liquid radioactive release limits exceeded
2.3.1 F.1 Liquid radioactive monitor LLD exceeded
241 A2 Gaseous radioactive release limits exceeded
241 E.A Gaseous radioactive monitor LLD exceeded
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FIGURE 4-1

RADIOLOGICAL SAMPLE STATIONS
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FIGURE 4-1A
RADIOLOGICAL SAMPLE STATIONS
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FIGURE 4-1B
RADIOLOGICAL SAMPLE STATIONS

] N
S
R
West Access Road / \
P A
/
STR-5
0 63

Lake \
Dardanelle W*E

Arkansas Nuclear One
REMP Sample
Locations Site Map

Revision 25 32



ARKANSAS NUCLEAR ONE
ODCM

FIGURE 4-2

MAXIMUM AREA BOUNDARY FOR RADIOACTIVE RELEASE CALCULATION
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TABLE 4-1

Environmental Sampling Stations - Radiological

Approximate

Sample | . .
Station Du;_ctlon and Sample Types Sample Station Location
4 istance
from Plant
Airborne radioiodines | The thermoluminescent dosimeter (TLD) is
1 88° - 0.5 miles | Airborne particulates | on a pole near the meteorology tower
Direct radiation approx. 0.6 miles east of ANO.
Traveling from ANO, go approx. 0.2 miles
: C west toward Gate 4. Turn left (at the east
Airborne radioiodines
o ; : : end of the sewage treatment plant) and go
2 2437 - 0.5 miles Alrgci)g; ?:;;?olites approx. 0.1 miles. Turn right and go
approx. 0.1 miles. The sample station is
on the right.
If traveling west on Highway (Hwy) 333, go
approx. 0.35 miles from Gate 2 at ANO.
TLD is located on utility pole on south side
. . - of Hwy 333 S.
°-0.7 mil D
3 5" - 0.7 miles Irect radiation If traveling east on Highway 333, go
approx. 0.9 miles from junction of Hwy 333
and Flatwood Road. TLD is located on
utility pole on south side of Hwy 333 S.
Go approx. 0.25 miles south from bridge
over intake canal. Turn right onto May
o . . . Road. Proceed approx. 0.1 miles west of
4 181° - 0.5 miles Direct radiation May Cemetery entrance. The TLD is
located on a utility pole on the south side
of May Road.
Go to the Entergy local office which is
Airborne radioiodines | located off Hwy 7T in Russellville,
6 111° - 6.8 miles| Airborne particulates | Arkansas (AR) (305 South Knoxville
Direct radiation Avenue). The sample station is against
the east wall of the back lot.
Turn west at junction of Hwy 7 and Hwy 27
in Dardanelle, AR. Proceed to junction of
Airborne radioiodines Hwy 27 and Hwy 10 in Danville, AR. Turn
210° - . , right onto Hwy 10 and proceed a short
7 . Airborne particulates . .
19.0 miles Direct radiation distance to the Entergy supply yard, which
is on the right adjacent to an Entergy
substation. The sample station is in the
southwest corner of the supply yard.
166° - 0.2 miles |Surface water (composite)
8 243° - 0.9 miles Shoreline sediment Plant discharge canal
212° - 0.5 miles Fish
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TABLE 4-1

Environmental Sampling Stations — Radiological (continued)

Approximate

Sample | . .
Station Dusa_ctlon and Sample Types Sample Station Location
4 istance
from Plant
95° - 0.5 miles Surface water (grab) is collected at plant
10 (intake canal) Surface water (grab) intake canal.
Traveling from Hwy 333, turn south onto
o . . Flatwood Road. Go approx. 1.0 miles.
13 273° - 0.5 miles| Broad leaf vegetation The sample may be collected from either
side of Flatwood Road.
From junction of Hwy 7 and Water Works
Road, go approx. 0.8 miles west on Water
14 70° - 5.1 miles Drinking water Works Road. The sample station is on the
left at the intake to the Russellville city
water system from the Illinois Bayou.
. : Panther Bay, located on the south side of
16 287° - 5.5 miles Shorellng sediment the AR River across from the mouth of
Fish .
Piney Creek.
o The sample station is at the Wastewater
36 0 (1)25?;nil-es P(I:r?dn(sjevé?r;eernt Holding Pond on the ANO site east of the
' discharge canal.
From Dardanelle, travel south on Hwy 27.
208° - . Go approx. 15.5 miles to the intersection of
55 16.5 miles Broad leaf vegetation Hwys 27 and 154. The sample station is
located at this intersection.
Atbome radiodnes | [0 e fom AN, e semple
56 2647 - 0.4 miles A'rg?rren(i E:é%;%?‘tes sewage treatment plant near the facility
blower building.
Go to Danville and turn left on Fifth Street.
208° - o Go approx. three blocks. The Danville
57 19.5 miles Drinking water public water supply treatment facility is
located on the left.
GWM - 1; North of Protected Area on
R . owner controlled area (OCA), west of north
58 22°-0.3 miles Groundwater Security Check Point, east side of access
road.
o . GWM - 101; North of Protected Area on
62 347 - 0.5 miles Groundwater OCA, east of outside receiving building.
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TABLE 4-1

Environmental Sampling Stations — Radiological (continued)

Sample
Station
#

Approximate
Direction and
Distance
from Plant

Sample Types

Sample Station Location

63

206° - 0.1 miles

Groundwater

GWM - 103; South of Protected Area on
OCA, northeast of Stator Rewind Building
near woodline.

64

112° - 0.1 miles

Groundwater

GWM - 13; South of Oily Water Separator,
northwest corner of ANO-2 Intake
Structure, inside the Protected Area.

108

306° - 0.9 miles

Direct radiation

If traveling from Hwy 333, turn south onto
Flatwood Road and go approx. 0.4 miles.
The TLD is on a utility pole on the right.

If traveling north on Flatwood Road, go
approx. 0.4 miles from sample station 109.
The TLD is on a utility pole on the left.

109

291° - 0.6 miles

Direct radiation

Traveling from Hwy 333, turn south onto
Flatwood Road. Go approx. 0.8 miles. The
TLD is on a utility pole on the left across
from the junction of Flatwood Road and
Round Mountain Road.

110

138° - 0.8 miles

Direct radiation

From bridge over intake canal, go south
approx. 0.25 miles. Turn left and go
approx. 0.25 miles. Turn right on Bunker
Hill Lane. The TLD is on the first utility
pole on the left.

111

120° - 2.0 miles

Direct radiation

From junction of Hwy 64 and Hwy 326
(Marina Road), go approx. 2.1 miles on
Marina Road. The TLD is on a utility pole
on the left just prior to curve.

116

318° - 1.8 miles

Direct radiation

Go one block south of the west junction of
Hwy 333 and Hwy 64 in London, AR. The
TLD is on a utility pole north of the railroad
tracks.

125

46° - 8.7 miles

Direct radiation

Traveling north on Hwy 7, turn left onto
Water Street in Dover, AR. Go one block
and turn left onto South Elizabeth Street.
Go one block and turn right onto College
Street. The TLD is on a utility pole at the
southeast corner of the red brick school
building, which is located on top of hill.
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TABLE 4-1

Environmental Sampling Stations — Radiological (continued)

Sample
Station
#

Approximate
Direction and
Distance
from Plant

Sample Types

Sample Station Location

127

100° - 5.2 miles

Direct radiation

The TLD is located on Arkansas Tech
Campus on N. Glenwood Street. If
traveling south on Hwy 7 from |- 40, turn
right on N. Glenwood. Follow N. Glenwood
for approx. 0.6 miles. The TLD is located
on a utility pole (with a No Parking sign on
it) across from the northeast corner of
Paine Hall.

137

151° - 8.2 miles

Direct radiation

At junction of Hwy 7 and Hwy 28 in
Dardanelle, AR, go approx. 0.2 miles on
Hwy 28. The TLD is on a speed limit sign
on the right in front of the Morris R. Moore
Arkansas National Guard Armory.

145

28° - 0.6 miles

Direct radiation

The TLD is located near the west entrance
to the Reeves E. Ritchie Training Center
(RERTC) on a utility pole on the north side
of Hwy 333.

146

45° - 0.6 miles

Direct radiation

The TLD is located on the south end of the
east parking lot at the RERTC. The TLD is
located on a utility pole.

147

61° - 0.6 miles

Direct radiation

The TLD is located on the west side of
Bunker Hill Road, approx. 100 yards from
the intersection with Hwy 333.

148

122° - 0.6 miles

Direct radiation

Traveling east from ANO, turn right on
Bunker Hill Road. Travel south for approx.
0.25 miles to the intersection with Scott
Lane. The TLD is located on the county
road sign post.

149

156° - 0.5 miles

Direct radiation

Traveling south on Bunker Hill Road, turn
right on May Road. Travel approx.

0.4 miles. The TLD is located on a “Notice”
sign on the north side of May Road.

150

205° - 0.6 miles

Direct radiation

Traveling south on Bunker Hill Road, turn
right on May Road. Travel approx.

0.8 miles. The TLD is located just past the
McCurley Place turn off on the north side
of May Road on a utility pole.
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TABLE 4-1

Environmental Sampling Stations — Radiological (continued)

Approximate

Sample | . .
Station Du;_ctlon and Sample Types Sample Station Location
4 istance
from Plant
Traveling west from ANO, turn south on
plant road along the east side of the
151 [225° - 0.4 miles Direct radiation sewage treatment plant. The TLD is
located at the end of this road, near the
lake on a metal post.
Traveling west on Hwy 333 from the
o . . L RERTC, travel approx. 0.7 miles. The TLD
152 1338° - 0.8 miles Direct radiation is located on the south side of Hwy 333 on
a utility pole.
Travel Hwy 64 west to Knoxuville
o . . o Elementary School. The TLD is located
153 [304° - 9.2 miles Direct radiation near the school entrance gate on a utility
pole.
120° - East side of GSB drainage ditch near lift
STR -1 0.33 miles Storm water runoff station.
STR - 351° - Inside protected area near Sally Port from
2 < 0.10 miles Storm water runoff drainage ditch along fence.
STR - o . Outside Protected Area near Sally Port
3 0.2° - 0.13 miles Storm water runoff from drainage ditch along fence.
102° - East side of Oily Water Separator from
STR-41" 010 miles Storm water runoft storm drain.
170° - West side of discharge canal from storm
STR-5 | _ 0.10 miles Storm water runoff drain.
90° - East side of chemistry chemical storage
STR-6 | < 0.10 miles Storm water runoff area storm drain.
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APPENDIX 1
RADIOLOGICAL EFFLUENT CONTROLS
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1.0 DEFINITIONS

NOTE
The defined terms of this section appear in capitalized type and are applicable throughout these
Limitations and Bases.

Term Definition

ACTION(S) ACTIONS shall be that part of a Limitation that prescribes
Required Actions to be taken under designated Conditions
within specified Completion Times.

BATCH RELEASE A BATCH RELEASE is the discharge of liquid or gaseous
wastes of a discrete volume.

CHANNEL CALIBRATION A 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 FUNCTIONALITY and the CHANNEL
TEST. The CHANNEL CALIBRATION may be performed
by means of any series of sequential, overlapping, or total
channel steps.

CHANNEL CHECK A 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.

CHANNEL TEST A CHANNEL TEST shall be the injection of a simulated or
actual signal into the channel as close to the sensor as
practicable to verify FUNCTIONALITY of all devices in the
channel required for channel FUNCTIONALITY. The
CHANNEL TEST may be performed by means of any series
of sequential, overlapping, or total steps.

CONTINUOUS RELEASE A CONTINUOUS RELEASE is the discharge of liquid waste
of a non-discrete volume, e.g. from a volume of a system
that has an input flow during the continuous release.

EXCLUSION AREA The EXCLUSION AREA is that area surrounding ANO
within a minimum radius of 0.65 miles of the Reactor
(Containment) Buildings and controlled to the extent
necessary by the licensee for purposes of protection of
individuals from exposure to radiation and radioactive
materials.
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Term

FUNCTIONAL-FUNCTIONALITY

GASEOUS RADWASTE
TREATMENT SYSTEM

LIQUID RADWASTE
TREATMENT SYSTEM

MEMBER(S) OF THE PUBLIC

MODE(S)

PURGE - PURGING

SOURCE CHECK

Revision 25

Definition

A system, subsystem, train, component, or device shall be
FUNCTIONAL or have FUNCTIONALITY when it is capable
of performing its specified function(s), as set forth in the
current license basis (CLB) and when all necessary
attendant instrumentation, controls, normal or emergency
electrical power, cooling and seal water, lubrication, and
other auxiliary equipment that are required for the system,
subsystem, train, component, or device to perform its
specified function(s) are also capable of performing their
related support function(s).

A GASEOUS RADWASTE TREATMENT SYSTEM is

any system designed and installed to reduce radioactive
gaseous effluents by collecting gases from radioactive
systems and providing for decay or holdup for the purpose
of reducing the total radioactivity prior to release to the
environment.

A LIQUID RADWASTE TREATMENT SYSTEM is a
system designed and used for holdup, filtration, and/or
demineralization of radioactive liquid effluents prior to their
release to the environment.

MEMBER(S) OF THE PUBLIC shall include all persons who
are not occupationally associated with the plant. This
category does not include employees of the utility, its
contractors or vendors. Also excluded from the category
are persons who enter the site to service equipment or to
make deliveries. This category does include persons who
use portions of the site for recreational, occupational or
other purposes not associated with the plant.

Refer to Definitions section of ANO-1 and ANO-2 TSs.

PURGE or PURGING is the controlled process of
discharging air or gas from a confinement to reduce the
airborne radioactivity concentration in such a manner that
replacement air or gas is required to purify the confinement.

A SOURCE CHECK shall be the qualitative assessment of
channel response when the channel sensor is exposed to a
radioactive source.
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Term

VENTILATION EXHAUST
TREATMENT SYSTEM

UNRESTRICTED AREA

Revision 25

Definition

A VENTILATION EXHAUST TREATMENT SYSTEM is any
system designed and installed to reduce gaseous
radioiodine or radioactive 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 Feature
(ESF) atmospheric cleanup systems are not considered to
be VENTILATION EXHAUST TREATMENT SYSTEMS.

An UNRESTRICTED AREA shall be any area beyond the
EXCLUSION AREA boundary.
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2.0 LIMITITATION (L) APPLICABILITY

L2.0.1 Limitations shall be met during the specified conditions in the Applicability, except as
provided in L 2.0.2.

L2.0.2 Upon discovery of a failure to meet a Limitation, the applicable ACTIONS of the
associated Limitation shall be met, except as provided in L 3.0.5. If the Limitation is
met or is no longer applicable prior to expiration of the specified Completion Time(s),
completion of the ACTIONS is not required, unless otherwise stated.

L2.0.3 When a Limitation is not met and the associated ACTIONS are not met, an
associated ACTION is not provided, or if directed by the associated ACTIONS,
immediately initiate a condition report to document the condition and determine any
limitations for continued operation of the plant.

Exceptions to this Limitation are stated in the individual Limitations.

L2.04 When a Limitation is not met, entry into a MODE or other specified condition in the
Applicability shall only be made when the associated ACTIONS to be entered permit
continued operation in the MODE or other specified condition in the Applicability for
an unlimited period of time.

L 2.0.5 Equipment removed from service or declared non-functional to comply with

ACTIONS may be returned to service under administrative control solely to perform
testing required to demonstrate its FUNCTIONALITY or the FUNCTIONALITY of
other equipment. This is an exception to L 2.0.2 for the system returned to service
under administrative control to perform the testing required to demonstrate
FUNCTIONALITY.
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2.0 SURVEILLANCE (S) APPLICABILITY

S 2.0.1 Surveillances shall be met during the specified conditions in the Applicability for
individual Limitations, unless otherwise stated in the Surveillance. Failure to
meet a Surveillance, whether such failure is experienced during the performance
of the Surveillance or between performances of the Surveillance, shall be failure
to meet the Limitation. Failure to perform a Surveillance within the specified
Frequency shall be failure to meet the Limitation except as provided in S 2.0.3.
Surveillances are not required to be performed on non-functional equipment or
variables outside specified limits.

S202 The specified Frequency for each Surveillance is met if the Surveillance is
performed within 1.25 times the interval specified in the Frequency, as measured
from the previous performance or as measured from the time a specified
condition of the Frequency is met. For Frequencies specified as "once," the
above interval extension does not apply. If an Action completion time requires
periodic performance on a "once per . . ." basis, the above Frequency extension
applies to each performance after the initial performance.

S20.3 If it is discovered that a Surveillance was not performed within its specified
Frequency, then compliance with the requirement to declare the Limitation not
met may be delayed, from the time of discovery, up to 24 hours or up to the limit
of the specified Frequency, whichever is greater. This delay period is permitted
to allow performance of the Surveillance.

If the Surveillance is not performed within the delay period, the Limitation must
immediately be declared not met, and the applicable ACTIONS must be entered.

When the Surveillance is performed within the delay period and the Surveillance is
not met, the Limitation must immediately be declared not met, and the applicable
ACTIONS must be entered.

S204 Entry into a specified condition in the Applicability of a Limitation shall only be
made when the Limitation's Surveillances have been met within their specified
Frequency, except as provided by S 2.0.3. When a Limitation is not met due to
Surveillances not having been met, entry into a specified condition in the
Applicability shall only be made in accordance with L 2.0.4.
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L21.1
FUNCTIONAL:
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RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

The following Radioactive Liquid Effluent Monitoring Instrumentation shall be

a. Liquid Radwaste Effluent Radiation Monitor with alarm/trip function

b. Liquid Radwaste Effluent Flow Monitor

c. One Main Steam Line Radiation Monitor per Steam Generator (ANO-1 only)

APPLICABILITY:
pathway

Liquid Radwaste Effluent Monitor — during releases via the associated

Main Steam Line Radiation Monitors — MODES 1, 2, 3, and 4

ACTIONS

NOTE

Separate Condition entry is allowed for each instrument.

CONDITION

REQUIRED ACTION

COMPLETION TIME

A. Required Liquid Radwaste
Effluent Radiation Monitor
non-functional.

A.1 Suspend the release of
radioactive effluents
monitored by the affected

channel.
AND
A.2.1 Restore the monitor to a
FUNCTIONAL status.
OR
A.2.2.1 Analyze two independent
samples of the associated
tank contents.
AND

A.2.2.2 Computer input data
verified by two qualified
individuals.

ND

Immediately

Prior to release of
radioactive effluents
monitored by the
affected channel

Prior to release of
radioactive effluents
monitored by the
affected channel

Prior to release of
radioactive effluents
monitored by the
affected channel
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L2.1.1

CONDITION

REQUIRED ACTION

COMPLETION TIME

A. (continued)

A.2.2.3 Correct discharge valve
lineup independently
verified by two qualified
individuals.

Prior to release of
radioactive effluents
monitored by the
affected channel

B. Required Liquid Radwaste B.1 Estimate flow. 4 hours
Effluent Flow Monitor non-
functional. OR
B.2 Suspend the release of Immediately
radioactive effluents monitored
by the affected channel.
C. One or more required Main | C.1 Establish pre-planned 72 hours
Steam Line Radiation alternate monitoring method
Monitor non-functional. of monitoring.
AND
C.2 Restore the affected Main 7 days
Steam Line Radiation
Monitor(s) to a FUNCTIONAL
status.
D. Required Action(s) and/or D.1 Initiate a condition report to Immediately
Completion Time(s) of document the condition and
Conditions A, B, and/or C determine any limitations for
not met. the continued effluent release
operations.
E. Required Radioactive E.1 Initiate a condition report to Immediately

Liquid Effluent Monitoring
Instrument non-functional
for > 30 days.

document and track the
condition for inclusion in the

Radioactive Effluent Release

Report pursuantto TS 5.6.3

(ANO-1) / TS 6.6.3 (ANO-2).
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L2.1.1
SURVEILLANCES
SURVEILLANCE FREQUENCY
S 2.1.1.1 Perform a CHANNEL CHECK of required instrumentation. 24 hours
S21.1.2 NOTE
Not applicable to Liquid Radwaste Effluent Flow Monitor.
Perform a CHANNEL TEST of the required instrumentation. | 92 days
S 2.1.1.3 Perform a CHANNEL CALIBRATION on the required 18 months
instrumentation.
S21.14 NOTES
1. SOURCE CHECK not required when background
radioactivity is greater than the check source.
2. Not applicable to Liquid Radwaste Effluent Flow Monitor
or Main Steam Line Radiation Monitors.
Perform a SOURCE CHECK on the required Within 8 hours prior
instrumentation. to release of
radioactive effluents
monitored by the
channel
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L2.2 RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

L2.21 The following Radioactive Gaseous Effluent Monitoring Instrumentation shall be
FUNCTIONAL:

NOTE
Refer to ANO-2 Technical Specification (TS) 3.3.3.1 for ANO-2 Containment Building
Purge System Process Monitor operability requirements and associated ACTIONS.

a. Waste Gas Holdup Systems

1. Gas Activity Process Monitor with alarm/trip function
2. Effluent Flow Process Monitor

b. Reactor (Containment) Building Purge and Ventilation, Auxiliary Building
Ventilation, Spent Fuel Pool Area Ventilation, Emergency Penetration Room
Ventilation, Low Level Radwaste Building Ventilation, and ANO-2 Auxiliary
Building Extension Ventilation SPING Monitors

Noble Gas Activity Monitor

lodine Sampler

Particulate Sampler

Effluent Flow Monitor

o &~ b =

Sampler Flow Monitor

APPLICABILITY:

1.  SPINGS 4 and 8 — when Emergency Penetration Room Ventilation is capable of
auto-start

2. All Radioactive Gaseous Effluent Monitoring Instrumentation — during releases via the
associated pathway
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NOTE

Separate Condition entry is allowed for each instrument.

CONDITION

REQUIRED ACTION

COMPLETION TIME

Applicable to releases
associated with Waste Gas
Holdup Systems and
PURGE of the ANO-1
Reactor Building.

Required Waste Gas
Holdup and/or Reactor
Building Purge System
Gas Activity Process
and/or Noble Gas Activity
Monitor non-functional.

A.1 Suspend the release of
radioactive effluents

monitored by the affected

channel.
AND
A.2.1 Restore the monitor to a
FUNCTIONAL status.
OR
A.2.2.1 Analyze two independent
samples of the Waste Gas
Holdup Tank and/or
Reactor Building contents.
AND

A.2.2.2 Computer input data
verified by two qualified
individuals.

AND

A.2.2.3 NOTE
Not applicable to Reactor

Building Purge System.

Correct discharge valve
lineup independently
verified by two qualified
individuals.

Immediately

Prior to release of
radioactive effluents
monitored by the
affected channel

Prior to release of
radioactive effluents
monitored by the
affected channel

Prior to release of
radioactive effluents
monitored by the
affected channel

Prior to release of
radioactive effluents
monitored by the
affected channel
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L2.2.1

CONDITION

REQUIRED ACTION

COMPLETION TIME

B. Required Effluent or B.1 Estimate flow. Once per 4 hours
Sampler Flow Monitor non-
functional. OR
B.2 Suspend the release of Immediately
radioactive effluents monitored
by the affected channel.
C. - NOTE NOTE
1. Applicable to releases If ANO-1 Reactor Building Purge
other than those and Ventilation required Noble Gas
described in Condition A | Activity Monitor inoperable and
above. moving irradiated fuel within the
ANO-1 Reactor Building, refer to
2. Applicable to SPINGS 4 | ANO-1 TS 3.9.3.
and 8 only when
pathway is in service.
C.1 Obtain sample of effluent. 12 hours
Required Noble Gas Activity | AND
Monitor non-functional.
C.2 Analyze sample of effluent. Within 24 hours

following completion of
Required Action C.1

" Applicable to SPINGS 4
and 8 only when pathway
is in service.

Required lodine and/or
Particulate Sampler non-
functional.

D.1 Verify effluent samples are
continuously collected by

auxiliary sampling equipment.
AND

D.2 Replace lodine and/or
Particulate cartridges (as
applicable).

ND
D.3 Analyze lodine and/or
Particulate cartridges (as
applicable).

4 hours

7 days

Within 48 hours
following replacement
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L2.2.1

CONDITION REQUIRED ACTION COMPLETION TIME

E. Required Action(s) and/or E.1 Suspend the release of Immediately

Completion Time(s) of radioactive effluents monitored

Condition C and/or by the affected channel.

Condition D not met.
F. Required Action(s) and/or F.1 Initiate a condition report to Immediately

Completion Time(s) document the condition and

Condition A, B, and/or E determine any limitations for

not met. the continued effluent release

operations.

G. Required Radioactive G.1 Initiate a condition report to Immediately

Gaseous Effluent document and track the

Monitoring Instrument condition for inclusion in the

non-functional for Radioactive Effluent Release

> 30 days. Report pursuantto TS 5.6.3

(ANO-1)/ TS 6.6.3 (ANO-2).
SURVEILLANCES
SURVEILLANCE FREQUENCY
S221.1 NOTE
Not applicable to lodine and Particulate Samplers
Perform a CHANNEL CHECK of required instrumentation. 24 hours

S 2.2.1.2 Verify presence of required lodine Sampler Cartridge and 7 days

required Particulate Sample Filter.

S$2213

Perform a CHANNEL TEST of the required Reactor Building

Purge and Ventilation System Gas Activity Process and

Noble Gas Activity Monitors.

31 days prior to
initiating Reactor
Building Purge
and/or Ventilation
activities
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SURVEILLANCES (continued)

L2.2.1

SURVEILLANCE

FREQUENCY

S221.4

NOTES

SOURCE CHECK not required when background
radioactivity is greater than the check source.

Perform a SOURCE CHECK on the required Noble Gas
Activity Monitors.

31 days

S2215

NOTES
1. SOURCE CHECK not required when background
radioactivity is greater than the check source.

2. Only applicable to Waste Gas Holdup and Reactor
Building Purge Systems.

Perform a SOURCE CHECK on the required Gas Activity
Process and Noble Gas Activity Monitors.

Within 14 days prior
to release of
radioactive effluents
monitored by the
channel

S221.6 Performa CHANNEL TEST of the required Noble Gas 92 days
Activity Monitors.
S2217 NOTE
Not applicable to lodine and Particulate Samplers
Perform a CHANNEL CALIBRATION on the required 18 months
instrumentation.
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L2.3 RADIOACTIVE LIQUID EFFLUENTS

L2.31 Radioactive material released to the discharge canal shall:

a.

For dissolved or entrained noble gases, be limited to a total concentration of
<2 x 10 uCi/ml.

For radioactive nuclides other than dissolved or entrained noble gases, be
limited to the concentration specified in 10 CFR 20, Appendix B, Table II,
Column 2.

During any calendar quarter, result in a dose commitment to a MEMBER OF
THE PUBLIC of < 1.5 mrem to the total body and <5 mrem to any organ.

During any calendar year, result in a dose commitment to a MEMBER OF THE
PUBLIC of < 3 mrem to the total body and < 10 mrem to any organ.

Be processed by a LIQUID RADWASTE TREATMENT SYSTEM when
accumulative dose during a calendar quarter is projected to exceed 0.18 mrem
to the total body and/or 0.625 mrem to any organ.

APPLICABILITY: At all times.

ACTIONS

NOTE

Separate Condition entry is allowed for each Limitation L 2.3.1.a through L 2.3.1.e above and for
each BATCH RELEASE and CONTINUOUS RELEASE Surveillance requirement not met.

CONDITION REQUIRED ACTION COMPLETION TIME
A. AnylimitlistedinL 2.3.1.a A.1 Initiate action to restore to Immediately
through L 2.3.1.e not met. within limit.
AND
A.2 Initiate a condition report to Immediately

document the condition,
determine any limitations for
the continued effluent release
operations, and track the
condition for inclusion in the
Radioactive Effluent Release
Report pursuant to TS 5.6.3
(ANO-1)/ TS 6.6.3 (ANO-2).
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ACTIONS (continued)

ARKANSAS NUCLEAR ONE

ODCM

L23.1

CONDITION REQUIRED ACTION COMPLETION TIME
-------------- NOTE--------—--—---- | B.1 Verify associated effluent Immediately
Only applicable to BATCH release suspended.

RELEASE.
AND
Sampling and/or analysis B.2 Initiate a condition report to Immediately
requirements not met. document the condition and
determine any limitations for
the continued effluent release
operations.
-------------- NOTE-------------- [ C.1 Obtain a grab sample of the 12 hours
Only applicable to associated secondary
CONTINUOUS RELEASE coolant.
of secondary coolant.
AND

Secondary coolant dose
equivalent I-131 (DEI)
> 0.01 uCi/ml.

C.2

Perform gamma isotopic and
[-131 analysis of sample.

12 hours following
sample acquisition

. Annual dose limits of

L 2.3.1.d projected to
exceed 40 CFR 190 limits.

D1

App