Followup to Senator Peter
Harckham and Assemblywoman
Dana Levenberg from the
February 2, 2023, DOB meeting

@® Underground plumes from Unit 1 and
2 spent fuel pool leaks

@ Release of water from the Unit 1 spent
fuel pool to the river in 2008

@ Impacts of bioaccumulation

Dave Lochbaum
March 3, 2023



SOURCE : DATA PROVIDED BY THE NEW YORK STATE

GEOGRAPHIC NFORMATION SYSTEMS.
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The site’s topography showed that groundwater would
carry water leaked from Indian Point to the river.
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Based on geology and monitoring wells (blue dots), the plumes from the
leaking Unit 1 (left) and Unit 2 (right) spent fuel pools was plotted. Both

plumes reach the river.

https://adamswebsearch2.nrc.gov/iwebSearch2/main.jsp?AccessionNumber=ML080320540




Entergy’s annual radioactive effluent report submitted in 2009 for
releases in 2008 discussed the draining of the Unit 1 spent fuel pool water
and its discharge to the Hudson River in September 2008:

As a result of aggressive processing before, during, and after the
defueling operation, the effluent release from draining the pools (Sep,
2008) resulted in curies and mrem consistent with or slightly lower than
routine monthly effluent. Strontium-90 releases, in particular, were
essentially nonexistent, because the pool water had been cleaned up for
months prior draining.

Based on the above analysis, it is estimated that approximately 0.2
Curies of Tritium migrated directly to the river via the GW flow path in
2008, resulting in an approximate total body dose of less than 0.1 mrem
(2.2E-7 mrem). It is evident that tritium alone, whether from ground
water or routine effluents, does not significantly add to offsite dose.

Strontium-90, Cesium-137, and Co-60 collectively contributed
approximately 0.00016 curies to site effluent from the groundwater
pathway. Combined groundwater releases from IPEC in 2008 (all
radionuclides) resulted in a calculated annual dose of less than 0.1
mrem to the whole body and critical organ:

0.000286 mrem to the total body, (<0.01% limit)

Source: ML091260208




INDIAN POINT

LIQUID EFFLUENTS -

1 and 2

RADIOACTIVE EFFLUENT REPORT

(Jan - Dec

SUMMATION OF ALL RELEASES

G
2008}

i Year Est. Toal
1. Total Release (not including
Trtium, Gr Apha, & Gases) Ci 15TEQ2 | 2 E02 | 1.24E02 | 6.37E03 | 5.46E-02 +25
2. Avarage Diuted Conc wCliml | 2T1E-11 | 295E-11 | 1 44E-11 | 885612 | 1.92E-11
8. Trtum
1. Total Release Ci |642E+01 | 5.52E+01 | 6.16E+01 | 2.92E+01 | 2.10E-(02 + 25
2. Mwverage Diuted Conc uQiml | 1. 11E-07 | 3.10E-08 | 7.14E08 | 4 05E08 | 7.32€08
C. Dissolved & Entreinad Gases
1. Tota Release Ci 1.63E03 | 1.13E05 | 3.58E4R 3.75E02 + 25
2 Averageliluted Conc uC¥ml | 2B1E-12 | 1.65E-14 | 4. 15E-11 1.326-11
D. Gross Alpha
1. Total Releasa Ci +25
E. Vaume of Wade Releassed
1. Processsed Wesste (LW & NCD) ers |3 90E+06| 210E+06| I ME+6 | 216E+06 | 1.21E+O7 + 10
2 Urgrooessed (SGED, SFOS, UWFDy | Wers |4 13E+07 | 562 +0T | 4 61E+0T | 4. TEEOT | 1.91E+0B + 10

Y =

Volume of Dilution Water

- Indicates < MDA
Source: ML091260208

Iters | 5.78E+11|6.81E+11| BEIE+11 | T19EH1 | 284E+12 +10

The amount of tritium
released in the 3¢ quarter of
2008, including the Unit 1
spent fuel pool draindown, of
61.6 curies was less than the
15t quarter release (64.2
curies) and slightly above the
2" quarter release (55.2
curies).

210 curies of tritium released
into 2,840,000,000,000 gallons
of dilution flow is an average
tritium concentration of 73.9
picocuries per liter, below the
20,000 picocurie per liter
EPA limit for drinking water.
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Tritium, Curies

Indian Point Units 1, 2 and 3 Total Tritium Releases to the Hudson River
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The annual releases of tritium from Indian Point to the Hudson River was lower in 2008
than in the five years prior to and subsequent to it. The annual radiation effluent reports to
NRC were reviewed to understand why the 2008 tritium releases were lower.

Units 1 and 2 had 37 batch releases (i.e., discharge of a tank to the river after filtering and
sampling) in 2007, 54 batch releases in 2008, and 31 batch releases in 2009.

Unit 3 had 127 batch releases in 2007, 40 batch releases in 2008, and 101 batch releases in
2009.

The reports did not explain why the Unit 1 and 2 batch releases in 2008 nearly doubled the
number of releases in 2007 and 2009; nor did the reports explain why the Unit 3 batch
releases in 2008 were less than half the number of releases in 2007 and 2009.



Environmental Sampling Points Within Two Miles of Indian Point

1

Rockland
County

1 mile

Hudson River Shoreline
Soil Sampling Location

Fish and Invertebrates
(where available)
downstream Hudson River

o Hudson River Sample
Upstream & Downstream

Airborne lodine/Part
Sample Location

Direct Radiation
° Sample Location DR#

e

° Peekskill

County

o Buchanan

\'erilanck

Broadleal Vegetation
—) Sample Location

Entergy Nuclear Northeast, “Indian Point Energy Center Units 1, 2, and 3 Offsite
Dose Calculation Manual (ODCM) Rev. 5,” October 30, 2020 (ML21168A060).

Westchester

Per federal regulations,
samples of water, soil,
fish, and vegetation
within two miles are
collected, evaluated, and
reported to the NRC
annually.



Environmental Sampling Points Greater Than Two Miles from Indian Point
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ag| Airborne lodine & County

Particulate Sample 1 ivy @
5 miles

Drinking Water l

Sample Location @

Hudson River Shoreline Soil
Sampling Location

Entergy Nuclear Northeast, “Indian Point Energy Center Units 1, 2, and 3 Offsite
Dose Calculation Manual (ODCM) Rev. 5,” October 30, 2020 (ML21168A060).

Per federal regulations,
samples of water, soil, fish,
and vegetation greater than
two miles away are
collected, evaluated, and
reported to the NRC
annually.

Annual reports to the NRC
(sources of maps like this
one) contain tables with
details on the sample
locations. For example,
drinking water sample
location WB1 is the Camp
Field Reservoir 3.4 miles
northeast of the site.



Summary of Sampling Deviations - 2021

ey m% NUMBEROF | SAMPLING | NUMBEROF | REASON FOR
SAMPLES | DEVIATIONS* | EFFICIENCY % | ANALYSES™ | DEVIATION

MEDIA
LD 184 0 100% 184 NA
PARTICULATES IN AIR 424 0 100% 456 NA
CHARCOAL FILTER 424 0 100% 424 NIA
DRINKING WATER 24 0 100% 58 NA
SOIL 3 0 100% 3 NA
HUDSON RIVER WATER 24 0 100% 2 NA
SHORELINE SOIL 10 0 100% 20 NIA
HUDSON RIVER BOTTOM ,.
AQUATIC VEGETATION 8 2 7% 4 See Table B-1b
FISH & INVERTEBRATES 36 3 o4, o8 See Table B-1b
TOTALS 177 5 00.6% 1210
TOTAL NUMBER OF
SAMPLES COLLECTED = 172

* Samples not collected or unable to be analyzed.
** Several sample types require more than one analysis

Holtec Decommissioning International, “Indian Point Energy Center 2021 Annual
Radiological Environmental Operating Report,” May 3, 2022 (ML22123A206).

Lots of samples are
collected from lots of
locations.

1,319 samples were
collected during 2021.



RADIONUCLIDES IN DRINKING WATER SAMPLES - 2021

pCil £ 2 Sigma
Camp Field
DATE 011221 oM o3I s sMi2o1 osoTi
RADIOCHEMICAL
Gr-B 21 <3 <2 <2 <3 <2
H-2 () <177 <=  The samples are
GANMRIA analyzed to
Be-7 <s5¢ <2 <80 < 5§ <52 <43 identify their
K-0 < 945 <75 « g8 <113 < 110 < 110 . .
Mr-54 <s <a s <s <s <3 1sotopic contents.
Co-58 <7 <4 <7 <7 «<£ <&
Fest <12 <3 < 15 < 13 <13 <12
Co50 <7 <& <6 <3 <7 <8 .
Zn-65 < 4 <8 < 11 < 14 < 11 < 14 ThlS table
ND-35 <8 <4 <7 <5 <= <4 .
2ras < 13 <5 < 13 < 15 <10 <9 prOVldeS the
Ru-103 <7 <5 «7 <7 ] <8
Ru-108 it S ot e piea? il results from
oy - - - - - = drinking water
Cs-134 <7 <5 <9 <3 <8 = ¥
Ce137 <8 <5 <7 <7 <6 <8 samples from
Ea-140 <27 <26 <32 <23 <22 <20
La-140 <8 <9 <3 <3 <11 <3 WBI1 at the Camp
Ce-141 < 13 <7 < 11 < 11 < 11 <9 . .
Cet4s <53 <30 < 43 <48 <43 <43 Field Reservolr.
Ra-226 < 166 < 110 < 182 < 153 < 182 < 1583
Ac-228 <7 < 17 < 2 < 27 < 30 < 1%
™h-228 < <8 <=1 < 11 <12 <10
Holtec Decommissioning International, “Indian Point Energy Center 2021 Annual 10

Radiological Environmental Operating Report,” May 3, 2022 (ML22123A206).




GAMMA EMITTERS IN BROAD LEAF VEGETATION SAMPLES - 2021

pCikg wet £ 2 Sigma
Rosewon
23!

DATE oS osMTR21 osMTR21 &2 12 1 g g | o221
SAMMA

Be-T 1122 ¢+ 258 < 322 1052 = 274 234 = 418 1002 + 30= ¢ 272
K-20 7444 : TR0 340 + 805 4445 + B12 5838 =+ 823 542 + SE0 + SDS
M-S < 2% < X7 < 23 < 3% < 2% < 18
Co-58 < J& < 15 < 1% <3 <22 < 14
Fe-i% < 58 <S50 < 52 <59 <51 < 36
Co-&0 < 28 < 30 < 26 < 3% < 30 <22
Zn-£s <72 < g3 < 85 <72 < &0 < 54
ND-55 < J€ < 33 < 24 < 30 < 2% < 16
2r-as < 51 < 42 < 43 < 4% < 44 < 35
Ru-103 < 23 < 25 < 26 <29 <22 < 1%
Ru-108 < 230 < 236 < 153 < 318 < 157 <179
131 < < 30 < 31 < 30 <29 < 18
Cs-134 < 33 <26 < 27 < 37 <32 < 24
Ce-137 < 26 <25 < 29 < 30 < 2X <22
Ba-140 < 7% < 85 < 30 < 122 < 108 < 80
La-140 < 31 <7 < 28 < 31 < 34 < 13
Ce-121 < 42 < 32 < 33 < 33 < 38 < 27
Ce-148 < 191 < 131 < 177 < 153 «< 158 < 108
Ra-22% < §54 < 420 < §54 < 885 < 855 < 473
™h-228 < 53 < 42 < 53 < 50 < 48 < 37

The samples are analyzed to identify their isotopic contents.

Holtec Decommissioning International, “Indian Point Energy Center 2021 Annual
Radiological Environmental Operating Report,” May 3, 2022 (ML22123A206).
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Site Related Child Ingestion Dose Commitment Factors
(Freshwater Fish and Saltwater Invertebrate Consumption)

(ALT)

mrem/hr

per

uCi/ml
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H=-3
BE-T
NA-24
pP=-32
CR-51
MN-54
MN-56
FE-55
FE-55
CO=-58
CO-60
NI-63
NI-65
CcU-64
ZN-65
IN-69
BR-83
BR-84
BR-85
RB-B6
RE-BE
RB~B9
SR-89
SR-90
SR-91
SR-92

Entergy Nuclear Northeast, “Indian Point Energy Center Units 1, 2, and 3 Offsite
Dose Calculation Manual (ODCM) Rev. 5,” October 30, 2020 (ML21168A060).

0.00E+00
4,77E-01
4.5TE+0D2
6.98E+07
0.00E+00
0.00E+00
0.00E+00
4.55E+04
6.53E+04
0.00E+00
0.00E+00
6.85E+04
2.83E+02
0.00E+00
1.55E+05
4.24E+02
0.00E+00
0.00E+00
0.00E+00Q
0.00E+00
0.00E+00
0.00E+00
3.63E+04
4.6BE+05
6.60E+02
2.48E4+02

1.81E-01
8.08E-01
4,.57E+02
3.27E406
0.00E+00
4.20E+03
1.31E+02
2.42E+04
1.06E+05
4.20E+02
1.23E+03
3.67E403
2.66E+01
9.05E+01
4.12E+05
7.14E+02
0.00E+00
0.00E+00
0.00E+00
1.06E+05
3.00E+402
1.85E402
0.00E+00
0.00E+00
0.00E+400
0.00E+4+00

1.81E-01
5.33E-01
4.5TE+02
2.69E+06
4.86E+00
1.12E+03
2.96E+01
T.4BE+403
5.27E+04
1.29E+03
3.64E+03
2.33E403
1.55E+01
5.47E+01
2.56E+05
6.60E+01]
5.67E+01
6.56E+01
3.02E+00
6.50E+04
2.08E+02
1.64E402
1.04E+03
1.19E+05
2.45E+01
9.9pE+00

1.81E-01
0.00E+00
4.57E4+02
0.00E+00
2.70E4+00
0.00E+00
0.00E+00
0.00E400
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
Q.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.81E-01
7.9€E-01
4.57E4+02
0.00E+00
7.37E=01
1.18E+03
1.59E+02
0.00E4+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.19E+02
2.59E+05
4.33E+02
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E400
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.81E-01
0.00E400
4d.57E+02
0.00E+0Q0
4.92E400
0.00E+00
0.0DE+00
1.37E404
3.07E+04
0.00E+00
0.00E400
0.00E+00
0.00E+00
0.00E+400
0.00E+00
0.00E+00
0.00E+00
0.00E+400
0.00E+00
0.00E+00
0.00E+00
0.00E400
0.00E+00
0.00E+00
0.00E400
0.00E400

1.81E-01
4.52E+01
4.57E+02
1.53E+06
2.58E+02
3.53E+03
1.90E+04
4.47E+03
1.10E+05
2.45E+03
6.84E+03
2.47E+02
3.26E+0D3
4.25E+03
T.23E+04
4.50E+04
0.00E+00
0.00E+00
0.00E+00
6§.80E+03
1.47E+01
1.61E+00
1.41E403
6.30E+03
1.46E+03
4.70E+03

How various
isotopes interact
within a child’s
body are considered
when calculating the
radiation dose.

NOTE: The concentration
(uCi/ml) of an isotope
measured in a sample are
multiplied by the value in
this table to determine the
radiation dose rate.
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Site Related Teen Ingestion Dose Commitment Factors
{Freshwater Fish and Saltwater Invertebrate Consumption)

(BiT)

mrem/hr per

uCi/ml

e — S S S S S R S N R R S S S S S S A S — —— ———

ISOTOPE BONE

H-3 0.00E+00
BE~7 3.568E-01
NA=-24 4.20E+02
P-32 5.408+07
CR-51 0.00E+00
MN=-54 0.00E+00
MN-56 0.00E+00D
FE-55 3.35E+04
FE-59 5.20E+04
co-58 0.00E+00
COo-60 0.00E+00
NI-63 5.15E+04
NI-65 2.18E+02
CO-64 0.002+00
ZN=-65 1.46E+05
ZN-69 3.73E+02
BR-83 0.00E+00
BR-84 0.00E+0Q0
BR-85 0.00E+00
RB-86 0.00E+Q0Q
RE-88 0.00E+Q0
RE-89 0.00E+00
SR-89 2.79E+04
SR=390 5.27E+05
SR-91 5.12E+02
SR-92 1.24E+02

Entergy Nuclear Northeast, “Indian Point Energy Center Units 1, 2, and 3 Offsite
Dose Calculation Manual (ODCM) Rev. 5,” October 30, 2020 (ML21168A060).

LIVER

2.176-01
8.02E-01
4.20E402
3.35E+06
0.00E+00
5.33E403
1.43E+02
2.37E+04
1.21E405
5.10E+02
1.48E+03
3.64E403
Z.T79E+401
9,.53E+01
5.07E+405
T.10E+402
0.00E+D0
0.00E+00
0.00E+00
1.09E+05
3.12E+02
2.01E+02
0.00E+00
0.00E+00
0.00E+DD
0.00E+00

TOT BODY

THYROID

KIDNEY

LOUNG

2.178-01
1.01E-01
4.20E+402
2.09E+06
4.44E+00
1.08E4013
Z2.54E+01
5.54E+403
1.69E+404
1.18E+03
3.32E+03
1,75E+403
1.27E+01
4,.48E+01
2.36E+405
4.97E401
4.41E+01
5.558+401
2.34E+00
5.12E+04
1.66E+02
1.42B+02
8.00E+02
1.30E+05
2.04E+01
8.25E+00

2.178-01
0.00E+00
4.20E+02
0.00E+00
2.478+00
0.00E4+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.002+00
0.00E+00
0.00E+00
0.00E+00
0.00E4+00
0.00E4+00
0.00E+00Q
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E400
0.00E+00
0.00E+00

2.17e-01
8.5E~-01
4.20E+02
0.00E+00
§.73E-01
1.59E403
1.818+02
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+0Q0
2.41E+02
3.24E405
d.64E402
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+CO
0.00E+0Q0
0.00E+00
0.00E+00

2.17E-01
0.00E+00
4.20E+02
0.00E+00
6.34E+00
0.00E+00
0.00E+0Q0
1.51E+04
3.83E+04
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.C0E+00
0.C0E+00
0.00E+0Q0
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

GI-LLI

2.17E-01
9.7eE+01
4.20E+02
4.54E+06
T.46E402
1.09E+04
2.40E+03
1.03E+04
2.87E+05
7.04E+03
1.52E+04
5.79E+02
1.51E+03
7.39E+03
2.15E+05
1.31E+03
0.00E+00
0.00E+00
0.00E+00
1.61lE+04
2.67E-05
3.09E-07
3.33E+03
1.4BE+D4
2.32E+03
4,93E+03

How various
isotopes interact
within a teen’s body
are considered when
calculating the
radiation dose.

NOTE: The concentration
(uCi/ml) of an isotope
measured in a sample are
multiplied by the value in
this table to determine the
radiation dose rate.
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Site Related Adult
(Freshwater Fish and

Ingestion Dose Commitment Factors
Saltwater Invertebrate Consumption)

(A1T)

mrem/hr

L

-

per uCi/ml

————————————— —— ] — T — — . —— — T — i — ——— —————————— . .

H-3
BE~T7
NR-24
p-32
CR=51
MN-54
MN-56
FE~55
FE-39
cCo-58
CO-80
NI-&3
NI-85
Cu-64
ZN-65
ZN-689
BR-83
BR-B4
BR~85
RE-86
RB-88
RE~-B89
SR~-89
SR-30
SR-91
SR-92

Entergy Nuclear Northeast, “Indian Point Energy Center Units 1, 2, and 3 Offsite
Dose Calculation Manual (ODCM) Rev. 5,” October 30, 2020 (ML21168A060).

0.00E+0Q0Q
3.29-01
4.0BE+02
4_98E+07
0.00E+00
0.00E+00
0.00E+00
3.21E+04
5.06E+04
0.00E+00D
0.00E+0D
4,.97E+04
2.02E+02
0.00E+00
1.61E+05
3.43E+02
0.00E+0DD
0.00E+0D
0.00E+00
0.00E+0D0D
0.00E+00
0.00E+0D
2.5TE+D4
6.32+05
4.T2E+D2
1.79E+02

2.82-01
7.458-01
4.0BE+02
3.08E+086
0.00E+00
5.438+03
1.37E402
2.21E+04
1.19E+05
5.152+02
1.48E+03
3.458+03
2.628+01
9.0BE+01
5.13E408
6.5TE+02
0.00E+00
0.00E+00
0.00E+0C0C
1.01E+05
2.91E+02
1.03E+02
0.00E+00
0.00E+00
0.00E+00O
0.00E+00

2.82E~01
3.69E-01
4.0BE+02
1.928+06
4.31E+00
1.04E+03
428401
L16E403
. 56E+04
158+03
2BE+03
.B7E+03
.20E+01
L26E4+01
L32E405
LSTE+01
.05E+01
25E+01
L16E+00
. T2E+04
546402
35E+02
.37TE402
. 55E+05
. 915401
L75E400

) Bt B s b B DO UN o e B e e e W e LD N

2.82E-01
0.00E+00
4.0BE+02
0.00E+00
2.5BE+00
0.008+00
0.00E+00
0.00E4+00
0.00E+00
0.00E+00
0.00E+00
0.008+00
0.00E+00
0.00E+00
0.002400
0.00E+00
0.00E+0Q0
0.00E+00
0.00E4+00
0.00E+00
0.00E+00
0.00E+00
0.00E+0Q0
0.00E+00
0.00E+00
0.00E+00

2.82E-01
7.83E~01
4.0BE+02
0.008+00
9.50E=01
1.81E+03
1.73E+02
0.00E+00
Q.00E+00
Q.00E+00
Q.00E4+00
0.00E+0D
0.00E+00
2.29E+02
3.43E4+05
4.27B+02
Q.00E+00
0.00E+00
Q0.00E+00
Q.00E+00
0.00E+00
0.00E+00
0.00E4+00
0.00E+00
Q.00B+00
0.00E+00

2.82E-01
0.00E400
4,.08E+02
0.002+00
5.72E400
0,.00E+00
0.00E+00
1.24E4+04
3.32E+04
0.00E+00
0,00E+00
0, 00E+00
0.00E+00
0.00E+00
0.00E400
0,00E+00
0.00E+00D
0.0CE+Q0D
0.00E400
0.00E+00
0.00E+00
0.00E+0D
0.00E+00
0.00E+00
0.00E+00
0.0CE+00

2.82E-01
1.28E+02
4,.08E+02
5.57E+086
1.0BE+03
1.66E+04
4.36E+03
1.27E4+04
3.96E+05
1.04E+04
2.7BE+04
7.19E+02
6.65E+02
7.74E4+03
3.23E+05
S.B7E+DL
5.84E+01
4.13E-04
0.00E+00
2.00E+D4
4.02E-09
1.12E-11
4.12E+03
1.B2E+04
2.25E+03
3.55E+03

How various
isotopes interact
within a adult’s
body are considered
when calculating the
radiation dose.

NOTE: The concentration
(uCi/ml) of an isotope
measured in a sample are
multiplied by the value in
this table to determine the
radiation dose rate.
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Sio-Accumulation Factors for Ligquid Effluent Isotopes
{(pCi/kg per pCi/liter)

W W W MW WS W WS W W W W S W g S W W W - W — - ——— —— — ——— — - W - -—

Freshwater Saltwater | Freshwater Saltwater

ISOTOPE Fish Invertebrates| ISOTOPE Fiah invertebrates
BFi BIi | - BFi BIi

B-3 9,000E-01 9.300E-01 | TE-125M 4.000E+02 1.000E+02
BE-7 2.000E+00 2.000E402 | TE=-127M 4.000E402 1.000E+02
HA-24 1.000E+02 1.%00E-01 TE-127 4.000E402 1.000E+02
p-32 1.000E+05 3.000E+04 TE-129M 4.000E+02 1.000E+02 .
CR-51 2.000E+02 2.000E+03 TE-129 4.000E+02 1.000E+02 .HOW various ]
MN-54 4.000E+02 4.000E+02 TE-131M  4.000E4+02 1.000E:02  isotopes can bio-
MN-56 4.000E+02 4.0008402 | TE-131 4.000E+02 1.000E+02 .
FE-55 1.000E402 2.000E404 | TE-132 4.000E+02 1.000E+02 accumulate in fish
FE-59 1.000E+02 2.000E404 | I-130 1.500E401 5.000B+01 .
cO-58 5.0008401 1.000B+03 | 1I-131 1.500E+01 5.000E+01 and invertebrates
CO-60 5.000E+01 1.000E+03 1-132 1.5008+01 5.0008<01  and be consumed by
NI-63 1.000E+02 2.500E+02 I-133 1.500E401 5.000E+01 . ye e
NI-65 1.000E+02 2.500E+02 1-134 1.500E+01 5.000E+01 individuals are
CU-64 5.000E+01 1.700E+03 1-135 1.500E+01 5.000E+01 .
ZN-65 2.000E+03 S5.000E+04 | CS-134 2.240E402 2.240E+02 considered when
ZN-69 2.000E+03 5.000E+04 | CS-136 2.2408402 2.2408+02  calculating the
BR-83 4.200B+02 3.100BE+00 | C5-137 2.240E+02 2.240E+02 . L.
BR-94 4.200B+02 3,100B+00 | ©S5-138 2.240E+02 2.240E+02 radiation dose.
BR-85 4,200BE+02 3.100E400 | BA-139 4.000E400 1.000E+02
RE-86 2.000E+03 1.700E+01 BA-140 4.000E400 1.000E+02
RE-88 2.000E+03 1.700E+01 BA-141 4.000E+00 1.000E+02
RE-89 2.000E403 1.700E+01 BA-142 4.000E+00 1.000E+02
SR-89 3.000E+01 2.000E+01 LA-140 2.500E+01 1.000E+03
SR-90 3.000E+01 2.000E¢01 | TLA-142 2.500E+01 1.0008+03
SR-91 3.000E+01 2.000E+01 | CE-141 1.000BE+00 6.000E+02
SR-92 3.000E+01 2.000E+01 | CE-143 1.000E+00 6.0008+02

Entergy Nuclear Northeast, “Indian Point Energy Center Units 1, 2, and 3 Offsite
Dose Calculation Manual (ODCM) Rev. 5,” October 30, 2020 (ML21168A060).
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Calculating Radiation Dose to the Public

The sampling of vegetation, drinking water, fish, etc. identifies how much
of Isotope A, Isotope B, Isotope C, etc. are present in terms of picocuries
per liter for liquids and picocuries per gram for solids.

Research results into how Isotope A, Isotope B, Isotope C, etc. affect the
body are taken into account.

In addition, breathing rate and consumption rates for children,
teenagers, and adults determine how much of the various isotopes be
ingested.

With inputs on what isotopes exist in what materials inhaled and
consumed by children, teenagers, and adults, calculations determine the
maximum radiation exposure each population received.

The federal limits on radiation effluents focus on public radiation
exposures rather than individual isotope limits because the pathways for
isotopes to reach human bodies differ from site to site depending on
geology, hydrology, meteorology, and many other factors.



400

350

300

=
=

(Mean) mR /Quarter
o =
=3 —

100

50

00

DIRECT RADIATION, ANNUAL SUMMARY
2000 to 2010

B iner Ring
2 Outer Ring
| —__-Control cha_tion |

2000

2002 2003 20M 201 2008 2009 2010

Moan) mR/ Quarter

400

350 4

300 1

250 4

150 1

100 4

]
[

DIRECT RADIATION, ANNUAL SUMMARY
2011-2021

o]
=
504 B
-

201 2012 2013 2014 2015 2016

Data from thermal luminescent dosimeters (i.e., radiation dose
monitors) show no increasing or decreasing trend over two decades.

Sources: ML11143A052 and ML22123A206
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RADIONUCLIDES IN AIR - GROSS BETA RADIONUCLIDES IN AIR - GROSS BETA
2000 to 2010 2011-2021
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Beta emissions from air sampling (such as from
tritium gas) show low levels with no discernible trend.
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Sources: ML11143A052 and ML22123A206




RADIONUCLIDES IN HUDSON RIVER WATER

2000 to 2010 RADIONUCLIDES IN HUDSON RIVER WATER - TRITIUM
2011-2021
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The tritium concentrations measures in the intake to and discharge from Indian

Point was far below the 20,000 picocurie per liter EPA drinking water standard.
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Sources: ML11143A052 and ML22123A206




RADIONUCLIDES IN DRINKING WATER

2000 to 2010
RADIONUCLIDES IN DRINKING WATER
2011-2021
2000 2000
1800 1800 -
1600 1600 -
1400 1400 -
1200 - 1200
NO [DENTIFIED NUCLIDES IN PREVIOUS TEN YEARS HISTORY 2 NO IDENTIFIED NUCLIDES IN PREVIOUS TEN YEARS HISTORY
800 800 -
600 00 -
400 400 -
200 200 |
0 . pond - o T T L T I T T D

M N M M AN M5 6 A0 N6 A0 20 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Radionuclides have not been detected in drinking water.

20
Sources: ML11143A052 and ML22123A206
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Radionuclide concentrations in Hudson River shoreline soil
samples have been low with no indication of an increasing trend.

Sources: ML11143A052 and ML22123A206
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BROAD LEAF VEGETATION - Cs-137

SRS RADIONUCLIDES IN BROAD LEAF VEGETATION
2011-2021
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Radionuclide concentrations in vegetation

samples have no indication of an increasing trend.
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Sources: ML11143A052 and ML22123A206




FISH AND INVERTEBRATES - Cs-137
2000 to 2010
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Radionuclides have not been detected in fish and invertebrate samples.

Sources: ML11143A052 and ML22123A206
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TABLED-31 Analytics Environmental Radicactivity Cross Check Program
Tm Brown E_ngmoer_hg Environmental Services
TEE

: Known
MormYesr lm:;t:m Matte  Nuclide Unis Rf:::d — :ﬂ-‘:’fﬁf::;; A
March 2021 E13488 MK S85 pClIL 845 87.1 0.57 A
&S0 polL 115 125 0.91 A
E13457 MIE  Cetd1 pCIL 111 125 083 A
Coss pClL 123 128 0.35 A
Co60 pCIL 140 152 0.91 A
crs1  polL 2= 242 1.04 A
Cs-134 pQlL 130 151 0.88 A
Cz-137 pCIL 110 110 1.00 A
Fe-59 pCllL 105 109 0.95 A
FM31  pCIL 778 953 083 A
Mn-5¢  pCIL 111 12 0.33 A
Zns5 pClL 200 211 035 A
E13458 Crarcoal  H131  pCi 835 88.5 0.34 A
E13459 Az Ce-141 pC! 1030 103 1.00 A
Cos8 pCi 333 105 0.83 A
Cos0 pC! 138 125 1.08 A
crs1 poi 213 138 107 A
Cs134 pC! 1230 124 033 A
Cs-137  pCl 853 30.1 035 A
Fe-59 pCi 81.3 896 0.91 -
Mn-54 pCl 93s 920 1.02 A
265 pCl 185 173 0.95 A
E13470 Soil Ce-141 pCly 0232 0.262 0.83 A
Cose8 pClg 0251 0268 034 A
Co€0 pClg 0305 0322 0.35 A
crs1  pClg 0517 0505 1.02 A
Cs-134 pClg 0263 0317 0.83 A
Cs-137 pClg 0278 0.301 0.32 A
Fe-53 pClyg 0228 0229 1.00 A
Mn-54  pClg 021 0.235 0.54 A
265 pClg D44z 0441 1.02 -
E134T1 AF &r8% pli a2 955 0.97 A
&30  pCl 17 139 0.84 A

Holtec Decommissioning International, “Indian Point Energy Center 2021 Annual

Radiological Environmental Operating Report,” May 3, 2022 (ML22123A206).

The offsite sampling process
includes having samples
tested by two different labs.
The second column from the
right is the ratio of one lab’s
results to the second lab’s
results.

1.00 reflects both labs having
the same result.
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SUMMARY

Due to topography, water leaked from the Unit 1 and 2 spent fuel pools
flows to the Hudson River and away from drinking water locations.

The discharge of filtered water from the Unit 1 spent fuel pool resulted
in detectable releases of radioactivity to the Hudson River with low
radiation dose implications.

The offsite sampling of water, soil, air, aquatic wildlife, and vegetation
serves two important roles:

1) Checking whether routine releases of radioactivity to the river
and air are bio-accumulating/concentrating. The historical data
shows no evidence of bio-accumulation.

2) Backing up the monitoring of releases to the water and air (i.e.,
if a radiation detector was mis-calibrated or a “midnight dump”
or “midnight vent” happened, the offsite sampling would likely
catch a significant release of radioactivity. The historical data
shows no such anomalies.

Annual radiation reports for Indian Point back to 2005 are available online at
https://www.nrc.gov/reactors/operating/ops-experience/tritium/plant-specific-reports/ip2-3.html




