
Monitoring and Control 
of Radioactive Materials 

at Indian Point

Dave Lochbaum
June 23, 2021

1



2

Objective

Discuss the sources, types and 
hazards of radioactive materials

Discuss the pathways for radioactive 
materials released to the air and water 
and the monitoring, control, and 
accounting for these releases

Discuss the amounts of radioactive 
materials released during reactor 
operation and decommissioning  
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Parts of an Atom
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Definition of Radioactive Materials

RADIOACTIVE MATERIALS are unstable 
atoms that seek stability by emitting 
radioactivity in the form of neutrons, 
alpha particles, beta particles, and 
gamma rays.



5

Sources of Radioactive Materials

The primary sources of radioactive 
materials at a nuclear power plant 
are:

• FISSION PRODUCTS

• ACTIVATION PRODUCTS.
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Sources of Radioactive Materials

FISSION PRODUCTS

Atoms fission, or split, into two smaller 
atoms, and not always the same two 
smaller atoms. 

Many of these fission product atoms are 
unstable and seek stability by emitting 
radiation in the form of particles or 
energy waves.



Uranium-235 (U-235) atoms 
become unstable after 

absorbing a neutron and split 
into two fission products (FP)
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Sources of Radioactive Materials

ACTIVATION PRODUCTS

Non-radioactive material can become 
activated by interactions with radiation 
(e.g., get hit by neutrons or gamma rays).

CHEMICAL INJECTION – many plants inject chemicals into the 
feedwater that “coat” pipes to retard rusting and corrosion; 
some of these chemicals get activated

RADIOLYTIC DISASSOCIATION – water molecules flowing through 
the reactor core can get broken apart into hydrogen and 
oxygen molecules; subsequent interactions involving 
oxygen and nitrogen molecules can form Carbon-14

RUST AND OTHER PARTICLES – debris in the water can get 
activated flowing through the reactor core
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Sources of Radioactive Materials

ACTIVATION PRODUCTS

Example: Boron is dissolved into the 
water circulating through the reactor core 
to help control the nuclear chain reaction.

A boron atom absorbing a neutron can 
produce helium and tritium byproducts.

Tritium, a radioactive isotope of a 
hydrogen atom, can combine with oxygen 
to form tritiated water (or tritated water 
vapor).
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Forms of Radioactive Materials
LIQUID

Fission products leaked into water or 
activation products created in water or 
carried by water form radioactive liquids. 

GASEOUS

Radionuclides “bubble” out of water or 
evaporate to form radioactive gases.

SOLID

Filter/demineralizers that purify water, water 
soaking into concrete, pipes activated by 
irradiation are radioactive solids.
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Types of Radioactive Emissions

ALPHA PARTICLES are the nuclei of helium atoms stripped of their 
electrons. Their large size allows the skin to stop them, but their 
size and energy level can severely damage whatever they hit.

BETA PARTICLES are electrons. Their small size enables them to 
travel farther than alpha particles, but their relatively low energy 
levels allows aluminum foil, paper, and plastic lens to stop them.
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Types of Radioactive Emissions

GAMMA RAYS are photons emitted during nuclear transformations. 
Although having the same energy levels as beta particles, these 
energy waves require denser materials, like lead, to stop them. 

NEUTRONS are neutral subatomic particles. Possessing up to four 
times the energy levels of beta particles and gamma rays, it takes 
larger amounts of dense materials, like concrete, to stop them.



The table shows how long it takes 
10,000 isotopes of fission products 

X, Y, and Z to emit radiation.
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Timing of Radioactive Emissions

“Half-Life” is the time required, on average, 
for half of the isotopes of an atom to decay.
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During reactor operation, uranium and 
plutonium atoms split to form fission 

products. Fission products escaping the 
metal fuel rods enter the cooling water.
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During reactor operation, water 
and anything carried in it may 

become activated when flowing 
through the nuclear core.
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Leakage of reactor cooling water as well 
as activation by decay of radioactive 
materials in unleaked water spread 

contamination through the nuclear plant.
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Radioactive gases can be released to 
the atmosphere by several paths.

Control of Radioactive Liquids
Numerous tanks enable water to be 
processed and re-used in the plant.
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Radioactive gases can be released to 
the atmosphere by several paths.

Control of Radioactive Liquids
When tanks fill, water can be 
released to the Hudson River
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That pathway is monitored and the release is 
stopped if high radiation is detected.
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Control of Radioactive Liquids

Numerous monitoring wells (MW) check for leaks 
and spills of contaminated liquid into the soil.
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Control of Radioactive Gases

Radioactive gases can be released to 
the atmosphere by several paths.
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Each pathway is monitored and automatically 
closed if high radiation is detected.
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Federal regulations 
require all liquid and 
gaseous releases of 
radioactive materials 
to be monitored and 

the totals reported to 
the NRC annually.

NRC inspectors 
periodically audit the 

monitoring and 
reporting processes.

Source: https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML20136A402
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Federal regulations further 
require assessment of the 

radiation dose to the 
public from the released 

radioactive materials.
Federal limit on radiation 
dose to the public

Source: https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML20136A402

In 2019, radiation doses to 
the public from all releases 
to the air and water of 
0.434 millirem to the body 
and 0.954 millirem to the 
maximum organ were well 
below the federal limits
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Federal regulations also require 
monitoring for radioactive materials 
outside of the plant’s outer fences.

Source: https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML20136A400
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Federal regulations  
require assessment of 
the radiation dose to 
the public from the 
offsite monitoring 

locations to be 
reported to the NRC.

Over the past decade, the 
dose measured at offsite 

monitoring locations around 
Indian Point approximated 

the background dose 
measured at a control 

location.
Source: https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML20136A400
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All fuel assemblies at Indian Point 
have been offloaded from the 

reactor vessel into spent fuel pools 
inside the Fuel Storage Buildings.
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The spent fuel pool water is cooled and 
cleaned. Radioactive material collects in 

the demineralizer and filter units.
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During reactor operation, there 
were lots of fissions, lots of water 

circulating, and lots of systems 
handling contaminated water.

During decommissioning, there 
are fewer fissions, less water 

circulating, and fewer systems 
handling contaminated water. 

What difference does it all make?

Radioactive Materials Then and Now
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This report contains data on radioactive 
material releases and radiation doses 

during operation and decommissioning.
Source: https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML023470304
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The data from Table G-15 shows that the 
releases of liquid and gaseous radioactive 

materials, with the exception of airborne tritium, 
is significantly less at a decommissioning plant 

than at an operating plant. 

Radioactive Materials Then and Now
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Radioactive Materials Then and Now

The data for radiation doses to workers also 
show a significant decrease at decommissioning 

plants compared to operating ones.
33Source: https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML023470304

The federal limit on worker radiation 
dose is 5,000 millirem per year

* Original table in the NRC report had a 
math error that has been corrected here

*



34

Radioactive Materials Summary

Although the amounts of 
radioactive materials created, 

stored, and released during 
decommissioning are less than the 
amounts during reactor operation, 
the federal regulations governing 

monitoring, control and reporting of 
radioactive materials remain the 
same because workers and the 
public still require protection. 


