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Source: ML12338A619

The site’s topography showed that groundwater would 
carry water leaked from Indian Point to the river.



3https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML080320540

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.
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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
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Source: ML091260208

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



7Entergy 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 
within two miles are 
collected, evaluated, and 
reported to the NRC 
annually.



8Entergy 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.



9Holtec 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.
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The samples are 
analyzed to 
identify their 
isotopic contents.

This table 
provides the 
results from 
drinking water 
samples from 
WB1 at the Camp 
Field Reservoir.

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



12Entergy Nuclear Northeast, “Indian Point Energy Center Units 1, 2, and 3 Offsite 
Dose Calculation Manual (ODCM) Rev. 5,” October 30, 2020 (ML21168A060).

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

NOTE: The concentration 
(μCi/ml)  of an isotope 
measured in a sample are 
multiplied by the value in 
this table to determine the 
radiation dose rate.



13Entergy Nuclear Northeast, “Indian Point Energy Center Units 1, 2, and 3 Offsite 
Dose Calculation Manual (ODCM) Rev. 5,” October 30, 2020 (ML21168A060).

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

NOTE: The concentration 
(μCi/ml)  of an isotope 
measured in a sample are 
multiplied by the value in 
this table to determine the 
radiation dose rate.



14Entergy Nuclear Northeast, “Indian Point Energy Center Units 1, 2, and 3 Offsite 
Dose Calculation Manual (ODCM) Rev. 5,” October 30, 2020 (ML21168A060).

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

NOTE: The concentration 
(μCi/ml)  of an isotope 
measured in a sample are 
multiplied by the value in 
this table to determine the 
radiation dose rate.



15Entergy Nuclear Northeast, “Indian Point Energy Center Units 1, 2, and 3 Offsite 
Dose Calculation Manual (ODCM) Rev. 5,” October 30, 2020 (ML21168A060).

How various 
isotopes can bio-
accumulate in fish 
and invertebrates 
and be consumed by 
individuals are 
considered when 
calculating the 
radiation dose. 
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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. 
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Sources: ML11143A052 and ML22123A206

Data from thermal luminescent dosimeters (i.e., radiation dose 
monitors) show no increasing or decreasing trend over two decades.
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Sources: ML11143A052 and ML22123A206

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

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.



20
Sources: ML11143A052 and ML22123A206

Radionuclides have not been detected in drinking water.
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Sources: ML11143A052 and ML22123A206

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

Radionuclide concentrations in vegetation 
samples have no indication of an increasing trend.
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Sources: ML11143A052 and ML22123A206

Radionuclides have not been detected in fish and invertebrate samples.
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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. 

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


