
From: MH Specter
To: RulemakingComments Resource
Subject: [External_Sender] Comments on Proposed Rule: Docket Number NRC-2019-0062
Date: Monday, December 30, 2024 10:56:14 PM
Attachments: ATT00001.txt

December 30, 2024

Mr. Christopher Regan
Director, Division of Rulemaking, Environmental, and Financial Support
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Subject: Submittal of comments on the Proposed Rule: Docket Number NRC-
2019-0062, Risk-Informed, Technology-Inclusive Regulatory Framework for
Advanced Reactors

Dear Mr. Regan,
I am pleased to submit specific comments on Docket Number NRC -2019-0062
in the attached PDF document: "Modernizing the Nuclear Regulatory
Commission-REV.2", Micro-Utilities, Inc., December, 2024. This attachment
offers guidance on how the NRC might implement the requirements of NEIMA
and the ADVANCE Act. To further assist you I have also  included page one of
the Executive Summary of the attachment to this letter.

Please contact me if I can be of further assistance.

Sincerely,
Herschel Specter, President
Micro-Utilities, Inc.
mhspecter@verizon.net

Executive Summary

The U.S. Nuclear Regulatory Commission has been considered the world's
premier regulatory body. In order to maintain this position of leadership,
significant modernization must take place. By modernizing, the public could have
increased confidence in nuclear energy, which is projected to become a much
larger factor in people's lives. US nuclear designs that receive NRC licenses
could be more attractive in the international market for safe, clean, and reliable
energy.

A modern NRC recognizes that nuclear energy is a very benign technology, far
more so than perceived today. Not only are nuclear accidents rare, they are
weak: too weak to create the very high dose rates required to cause an early
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fatality, too weak to create the very high doses required to cause long term
cancer fatalities. In addition to installed safety systems, nuclear plant structures
act like large filters, trapping much of the meltdown material on site. Chernobyl,
even with an under-designed confinement building, trapped about 40 % of its
radioactive iodine and about 70 % of its radioactive cesium. Fukushima trapped
even more. Go to the Three Mile
Island plant with its strong containment building and virtually none of its
meltdown material entered the atmosphere.

Nuclear accidents evolve slowly. It takes time to melt the massive metal parts in
and around the reactor core. It took about 10 days for the radioactive releases to
end at Chernobyl. Fukushima took about 14 days to end its releases. Such slow
releases do two  favorable things. First, such slow releases cause much lower
downwind dose rates compared to a rapidly melting reactor. Second, the long
duration of the radioactive release means that changing wind directions cause
the radioactive material to be widely dispersed, but at very low concentrations.
This dispersion prevents the very high concentrations of radioactive material
needed to cause an early or latent radiological health effect. High concentrations
are needed because humans are very resistant to radiation exposure. For
example, people living in Ramsar, Iran are subjected to a lifetime of natural
background doses about 70 times greater than what people in the USA receive,
yet they do not have elevated cancer rates .Humans can also tolerate very high
dose rates. Studies show that people within one kilometer of an atomic bomb
blast only had an increased likelihood of death by cancer of less than one
percent. These natural protective measures belong to all nuclear designs, old
and new. Nuclear energy is an inherently benign technology.

We now turn to LNT, the Linear No-Threshold model. The NRC has long claimed
that by using LNT it had met the requirements of the Atomic Energy Act of 1954,
as amended, to show that the public was adequately protected. Adequate
protection has been demonstrated, but LNT had nothing to do with it. LNT should
be removed from the NRC's regulatory framework. This report presents a new
regulatory tool, superior to the LNT model, for showing adequate protection.

A risk-informed, performance-based, approach to emergency planning is
presented. This advanced way to address emergency planning encourages the
use of a Risk Map which would provide emergency planners with far greater
information on how to optimize a mix of sheltering and local evacuation. Such a
mix of preventative measures would focus on people most at risk while avoiding
disturbing others who are not at risk. 

Improvements are offered in site selection, decommissioning, quality assurance,
ALARA, the Backfit Rule, and nuclear wastes.
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1.0 Executive Summary

The US Nuclear Regulatory Commission has been considered the world’s premier nuclear regula-
tory body. In order to maintain this position of leadership, significant modernization must take 
place. By modernizing, the public could have increased confidence in nuclear energy, which is 
projected to become a much larger factor in people’s lives. US nuclear designs that achieve NRC 
licenses could be more attractive in the international market for safe, clean, and reliable energy.

A modern NRC recognizes that nuclear energy is a very benign technology; far more so than per-
ceived today. Not only are nuclear accidents rare, they are weak: too weak to create the very high 
dose rates required to cause an early fatality, too weak to create the very high doses required to 
cause long term cancer fatalities. In addition to installed safety systems, nuclear plant structures 
act like large filters, trapping much of the meltdown material on site. Chernobyl, even with an 
underdesigned confinement building, trapped about 40% of its radioactive iodine and about 70% 
of its radioactive cesium. Fukushima trapped even more. Go to the Three Mile Island plant with 
its strong containment building and virtually none of its meltdown material entered the atmo-
sphere.

Nuclear accidents evolve slowly. It takes time to melt the massive metal parts in and around the 
reactor core. It took about 10 days for the radioactive releases to end at Chernobyl. Fukushima 
took about 14 days to end its releases. Such slow releases do two favorable things. First, such 
slow releases cause much lower downwind dose rates compared to a rapidly melting reactor. Sec-
ond, the long duration of the radioactive release means that changing wind directions cause the 
radioactive material to be widely dispersed, but at very low concentrations. This dispersion pre-
vents the high concentrations of radioactive material needed to cause an early or latent radiologi-
cal health effect. High concentrations are needed because humans are very resistant to radiation 
exposure. For example, people living in Ramsar, Iran are subjected to a lifetime of natural back-
ground radiation doses about 70 times greater than what people in the USA receive, yet they do 
not have elevated cancer rates. Humans can also tolerate very high dose rates. Studies show that 
people who were within one kilometer of an atomic bomb blast only had an increased likelihood 
of death by cancer of less than one percent. These natural, protective measures belong to all 
nuclear designs, new and old. Nuclear energy is an inherently benign technology. 

We now turn to LNT, the Linear No-Threshold model. The NRC has long claimed that by using 
LNT it had met the requirement in the Atomic Energy Act of 1954, as amended, to show that the 
public is adequately protected. Adequate protection has been demonstrated, but LNT had nothing 
to do with it. LNT should be removed from the NRC’s regulatory framework. This report presents 
a new regulatory tool, superior to the LNT model, for showing adequate protection.

A risk-informed, performance-based approach to emergency planning is presented. This advanced 
way to address emergency planning encourages the use of a Risk Map which would provide emer-
gency responders with far greater information on how to optimize a mix of sheltering and local 
evacuation. Such an optimized mix of preventative measures would focus on the people most at 
risk while avoiding disturbing others who are not at risk. Improvements are offered in site selec-
tion, decommissioning, quality assurance, ALARA, the Backfit Rule, and nuclear wastes. 
1



Modernizing the Nuclear Regulatory Commission - REV.2
TABLE A-1 Radiological Consequences From Actual Nuclear Accidents and Two Studies

Nuclear 
Plant

Year

Cherno-
byl

1986

Indian 
Point 

Terrorist 
Study

2007              

Fuku-

shima

2011

SOARCA

Study**

1987-90

Three    
Mile

Island
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Fermi 1
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Davis- 
Besse

2002

Browns 
Ferry

1975

Accident

Cause

Operator 
Errors, 
Design 
Defects

Assumed 
Terrorist 
Attack

Actual 
SBOs

Two 
Assumed 
SBOs in a 
PWR

Opera-
tor 
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Equip-
ment 
Failure

Cool-
ant 
Block-
age

Reac-
tor Ves-
sel Leak

Onsite 
Fire

Result Power 
Spike, 

Melt-
down

Two 

Different 
Assumed

Meltdowns

SBO,LOC*

*.  SBO, Station Blackout, LOC, Loss of Coolant
** SOARCA- State-of-the-Art of Reactor Consequence Analysis, NUREG 1935
*** Data from “Sources, Effects and Risks of Ionizing Radiation”, UNSCLEAR 2020/

2021 Report, Volume II, Science Annex B

Multiple 

Melt-
downs

Assumed 
melt-
downs

Melt-
down

Some 
Fuel 
Damage

No Fuel

Damage

No Fuel 
Dam-
age

Contain-
ment 

Status

Rapid 
Initial 
Release, 
Long 
Duration

Release 
Starts in 4.4 
hrs, 2.0 hrs

Long Dura-
tions

Release 
Started 
in 12 hrs 
Long

Dura-
tion

Release 
Starts 
25.5-43.3 
hrs, Long 
Durations

Intact Intact Intact Intact

% 131I of 
Initial 
Inven-
tory 
Released

~60 *** 27.4,

11.1

~2-8*** 0.3 to 0.6 ~ 0.0 0.0 0.0 0.0

%137Cs of 
Initial 
Inven-
tory 
Released

~30*** 18.0,

10.1

~1-3*** 0.0 to 0.1 ~ 0.0 0 0 0

Offsite 
Early 
Fatalities

0 0,

0-5 

0 0 0 0 0 0

Offsite 
Latent 
Fatalities

Some 

thyroid 

fatalities

Zero unless 
LNT is 
assumed

Not 
Detect-
able

Zero 
unless 
LNT is 
assumed

0 0 0 0
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2.0 Adequate Protection

2.1 Introduction

Globally, there are over 400 commercial nuclear power plants operating in many different coun-
tries that have a range of different designs and power levels and are regulated by different national 
regulatory agencies.Yet, nuclear accidents at commercial facilities over the past 60 or so years are 
rare. Of these, only a few accidents have led to the nuclear fuel becoming damaged. Not all of the 
few nuclear plants that have experienced fuel damage have had releases of radioactive material 
into the atmosphere. With two exceptions, both at Chernobyl, radioactive releases into the atmo-
sphere have not produced any offsite early fatalities.In spite of speculated large numbers of latent 
fatalities from the 1986 Chernobyl accident, none have been detected.

It takes very high radiation doses and dose rates to cause an early or latent fatality. In general acci-
dents from nuclear power plants are incapable of reaching such high dose and dose rate levels off-
site. There were two incidents where a nuclear accident did reach such high levels, both at 
Chernobyl. The first incident was the onsite firemen exposed to very high radiation levels. No 
comparable high radiation levels occurred offsite during the Chernobyl accident. Second, the thy-
roids of some children downwind from Chernobyl were harmed by drinking contaminated milk 
and a very small percentage of these children died. High radioactive concentrations of radioactive 
iodine in the milk in downwind areas occurred by two iodine reconcentrating processes. First, 
grasses downwind from Chernobyl reconcentrated the iodine deposited on and in the soil. Second, 
the cows that consumed these grasses further concentrated the iodine. This ingestion pathway 
would not happen today. Emergency response plans now in place are designed to prevent contam-
inated foodstuffs and water from being consumed by the public. There is ongoing debate that one 
fatality at Fukushima was due to radiation. There were no radiation fatalities at Three Mile Island.

2.2 Historical Perspective

The Atomic Energy Act of 1954, as amended, (AEA) requires that the Nuclear Regulatory Com-
mission provide adequate protection of the public from the use of commercial nuclear energy. The 
NRC has claimed that the use of the Linear No-Threshold model meets this requirement. In 
August, 2021 the Federal Register presented the conclusions of a rulemaking petition to the NRC 
concerning “The Linear No-Threshold Model and Standards for Protection Against Radiation”. 

As stated in the Federal Register1 (Petition, page 45924), “Instead, the NRC uses the LNT model 
as the basis for a regulatory framework that meets the “adequate protection” standard of the 
Atomic Energy Act of 1954, as amended (AEA)”. This report shows that the AEA’s adequate pro-
tection requirement has been met without any reliance on the LNT model. It is questionable if the 
use of the LNT model ever provided any significant public protection.

1 This Rulemaking petition is described in the Federal Register, Vol.86, No.156, Tuesday, 
August 17, 2021, pages 45923 - 45936. For brevity, references to this Rulemaking are 
identified as “Petition, page number”.
3
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A review of TABLE A-1 shows that the adequate protection requirement has been achieved. Glo-
bally, over 400 nuclear power plants with a variety of different designs, operating in many differ-
ent countries, under different regulatory agencies, are accumulating multiple reactor-years of safe 
operation. Not only are nuclear accidents rare, only two accidents, Chernobyl and Fukushima, 
have released radioactive material into the atmosphere.Even so, these two accidents did not cause 

any detectable offsite near term (early) or any large scale long term (latent) fatalities2 due to expo-
sure to radiation.

In addition to the Chernobyl and Fukushima experiences there have been various studies that pro-
vide insights on nuclear accident consequences. One such study, described in this report, is an 
unique analysis of a hypothetical successful terrorist attack on Indian Point, the nation’s most 
populated site. A large number of scenarios were analyzed in this study which showed no early 
fatalities. A small number of early fatalities were calculated for a rare subset of this highly 
unlikely hypothetical Indian Point (IP) terrorist event, described in Appendix D. The assumptions 
used in this rare IP subset analysis go well beyond what the NRC considers in its spectrum of 
plausible accidents. Here a very slowly evacuating population of 366,860 people at Indian Point 
was subjected to a large and rapid release of radioactive material during unfavorable weather con-
ditions, causing a calculated four to five early fatalities. An evacuation of this magnitude, with 
evacuation speeds sometimes well below normal walking speeds, would not happen at any other 
nuclear site with smaller surrounding populations. All other evacuation subsets in the IP terrorist 
with fewer evacuees resulted in zero calculated early fatalities.

In addition to the information in TABLE A-1, other Adequate Protection insights are available 
from the analysis of the NRC’s Safety Goals.Years ago the NRC established two Safety Goals, the 
Early Fatality Safety Goal and the Latent Fatality Safety Goal. The purpose of these goals was to 
demonstrate that the risks from nuclear energy are far smaller than the near term fatality risks 
from non-nuclear sources, like those from automobile accidents, and from non-nuclear long term 
(latent) fatality risks, like those from air pollution. Specifically, nuclear energy risks were not to 
exceed one part in a thousand of the near term and long term risks that the public routinely 
accepts. The NRC and others have carefully analyzed actual accidents and studied many postu-
lated nuclear accidents, including some that have frequencies as small as one chance in ten mil-
lion per year. These analyses show that the probability of a nuclear accident causing either a near 
term or a long term radiation fatality is close to zero. Both Safety Goals have been achieved with 
large margins.

This report describes how normal engineering safety design practices supplemented by protective 
natural forces provide adequate public protection from the use of nuclear energy, without any reli-
ance on implementing the LNT model. 

2 Some 28 persons died from high levels of on-site exposure to radiation at Chernobyl. 
Most were local firemen who were unaware that they were subject to such lethal levels 
of radiation. No off-site early fatalities from radiation from this accident have been 
detected.

    Some children in Belarus and in the Ukraine died from drinking cow’s milk contami-
nated by radioactive iodine which attacked their thyroids. Modern emergency plans 
would prevent this by monitoring food ingestion pathways around nuclear power plants.
4
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2.3 The Evolution of the Regulatory Framework

In the early days of nuclear regulation before there was a large body of operational history, before 
there were major accidents like the one at Three Mile Island that produced valuable safety 
insights, before there were high powered computer programs like SOARCA (1) and various 
safety experiments, before Probabilistic Risk Assessments (PRAs) were incorporated into the reg-
ulatory review process, nuclear plants were licensed using a deterministic process. For example, 
careful calculations were made, such as what the peak pressures inside the containment building 
would be if a major piping system rapidly failed. Containment design pressures were set to meet 
these peak pressures, with an additional margin for uncertainties. 

Looking back, this deterministic approach to nuclear regulation has been highly successful in that 
nuclear accidents are rare. But the regulatory framework is not static. When a nuclear accident 
occurred it was exhaustively examined by safety experts around the world and “lessons learned” 
were extracted from these intensive investigations. Safety experiments were conducted and more 
and more sophisticated accident analysis computer programs were developed.

In 1992 a major new regulatory tool was added to the NRC’s regulatory framework when PRA 
technology was used to separate which systems, components and operator actions were important 
to safety and which were not. By focussing on the most important systems and components, the 
NRC’s and the nuclear industry’s resources were used more efficiently, a safety benefit. The 1992 
addition of this new regulatory tool formed the basis of today’s risk-informed, performance-based 
regulatory process. PRA analyses showed that some deterministic requirements were unimportant 
to safety and they were phased out. This new regulatory tool also showed that there were impor-
tant safety issues, like configuration control, that were not addressed by the deterministic regula-
tory process. As a result, tighter control of plant configurations was put into practice. Using PRA 
it was possible to identify which sets of plant components should not be simultaneously taken out 
of service for testing or repair, thereby avoiding plant configurations that would have elevated risk 
profiles.

NEIMA, The Nuclear Energy Innovation and Modernization Act, calls for an“increase the use of 
risk-informed, performance-based licensing evaluation and techniques and guidance...”. This 
report shows how to meet this NEIMA requirement. In the 1992 risk-informed presentation the 
relative safety significance of different systems and components was determined by a core melt 
frequency ranking system. Starting with a nuclear plant’s PRA, it was assumed that each plant 
system or component was “erased” from the PRA, and the resulting impact on the core melt fre-
quency was calculated. This was done one system or component at a time. The system or compo-
nent that was “erased” was returned to the PRA before the next system or component was 
“erased” and its impact on core melt frequency was determined. This then lead to a number of 
core melt frequency “deltas” which were then ranked from the largest to the smallest. The safety 
significance of a plant component or system was determined by its position in this ranking 
arrangement.

Today the NRC is in a situation similar to that of 1992. It is capable of responding to the NEIMA 
requirement to increase the use of risk-informed, performance-based regulation. This latest 
improvement is possible because risk, itself, is defined as the product of the frequency of an event 
happening times the consequences that this event could cause. The 1992 expansion of the regula-
5
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tory process was one where changes in the core melt frequency provided a basis to rank the safety 
significance of systems and components and then to distribute resources accordingly. In this 
report we show how to address the other half of risk by performing consequence-informed 
actions. This use of consequence ranking effectively “doubles” the scope of risk-informed regula-
tion. It is independent of any accident frequency input and therefore does not need a PRA to go 
forward. 

Consequence ranking was used in the Indian Point Terrorist Study where multiple scenarios 
investigated based on different traffic patterns and the radiation health effects of each pattern were 
calculated. One extremely unlikely traffic pattern was calculated to have five early fatalities. This 
highly unlikely traffic pattern was recalculated to estimate the effect of turning a specific two way 
evacuation route into a one way, outward bound route. This action slightly accelerated the overall 
evacuation speed and caused a decrease from five calculated early radiation fatalities to four. All 
other traffic patterns in this Indian Point evacuation analysis resulted in zero calculated early 
fatalities. Thus an emergency plan at Indian Point that utilized evacuation as its principal response 
would rank a response where that specific route was changed to a one way, outward bound direc-
tion to be superior to an emergency plan that did not make this two way to one way route change. 
While consequence ranking showed a limited benefit in the Indian Point evacuation analysis, it 
could be more important for situations where a nuclear plant is co-located on the same site as an 
industrial facility. Consequence ranking is quite valuable in optimizing emergency responses that 
emphasize the use of sheltering, as discussed in Section 5.

2.4 Financial Interests

Nuclear power plants represent very large investments. It is in the financial interest of the owner/
operator of these plants to keep them operating and generating revenue for as long as possible. A 
large financial concern for the owner/operator would be an accident that leads to fuel damage as 
this could end future power operation for that plant and might result in costly decontamination 
expenses. Though less likely, accidents that involve releases of radioactive material into the atmo-
sphere could result in far greater financial losses. Even without the requirements imposed by a 
regulatory agency, the nuclear power plant’s owner/operator has a large financial incentive to pre-
vent any plant damage. Normal financial self interest supports public protection.

2.5 Designing Nuclear Power Plants to Prevent Damage

The vast majority of the time nuclear power plants operate without any challenges to their safety 
systems. Nuclear power plants are designed to operate within a safe design envelope. Physical 
conditions like temperature, pressure, coolant flow, and adequate heat removal from the fuel are 
constantly monitored to maintain plant operations within this safe design envelope. If operating 
conditions depart from the design envelope, corrective actions are taken, including an orderly 
shutdown, if necessary. Decay heat during shutdown is a small fraction of normal power output 
and the necessary coolant flow rates when shut down are proportionately smaller. About one hour 
after shutdown decay heat would be about 1.5% of the previous core power. This declines to 
about 0.4% in one day and about 0.2% in a week’s time.

Part of the process to create safe nuclear designs is to use well established engineering safety 
design principles such as redundancy, diversity, separation, and ample margins. Redundancy 
6
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means that more than one system, like each heat removal system, is fully capable of executing its 
assigned safety function. Diversity means that, when practical, different processes are used to 
accomplish their assigned safety function. For example, in light water reactors, water tempera-
tures are measured directly with thermometers and indirectly by pressure monitors whose pres-
sure readings are then converted to temperature readings. For diversity, some pumps are driven by 
electricity, others by steam. Separation is used so that no single event compromises redundancy. 
An example is the separation of electric cables so that a plant fire cannot simultaneously eliminate 
all the different cables that serve the same safety function. Separation can be achieved by physical 
separation and/or by placing barriers between redundant safety equipment. Because of large mar-
gins built into safety equipment, many safety features are capable of performing their safety func-
tions even when design basis events are exceeded. For example, the containment buildings at 
Fukushima, Japan withstood seismic forces far beyond their design basis earthquake levels. A 
major earthquake at the North Anna nuclear plant in Virginia, beyond the design basis earthquake 
for that nuclear plant, did not result in any unsafe result.

2.6 Safety Challenges 

There are a number of potential challenging events that nuclear power plant designers plan for. 
This may include the loss of the electric grid, a primary system pipe break, power excursions, and 
operator errors, among others.The nuclear plants are designed to bring the plant to a safe shut-
down condition should any such plausible event occur, including safely dealing with large earth-
quakes, internal and external floods, internal and external fires, hurricanes, tornadoes, and 
physical security issues.

The Browns Ferry accident did not challenge the plant’s containment building because the fuel 
elements were sufficiently cooled and no fuel damage occurred. (See TABLE A-1) Similarly, the 
Davis Besse event did not result in fuel damage and therefore there was no challenge to the con-
tainment structure. The Fermi 1 accident had local fuel damage, but did not proceed to damage 
the reactor vessel or challenge the containment building. There were no releases of radioactive 
material into the atmosphere from any of these accidents.

2.7 The Special Roles of the Containment Building 

2.7.1 Intact Containment Buildings

Containment buildings serve two safety functions, prevention and mitigation. First, they protect 
the reactor core and all the other systems and components within their boundaries from external 
challenges from floods, hurricanes, tornadoes, and all the objects these extreme weather events 
can produce that might crash into the nuclear plants. Second, they prevent the rapid release of 
radioactive material into the atmosphere during a core melt sequence. If containment integrity is 
maintained during a core melt down accident there will be no significant releases of radioactive 
material into the atmosphere. The Three Mile Island core melt accident did not release radioactive 
material into the atmosphere because its containment remained intact. 
7
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2.7.2 Slow Overpressurization of the Containment Building

FIGURE A-1 depicts a SOARCA analysis of the airborne radioactive iodine concentration as a 
function of time for a large dry PWR containment during a long term station blackout sequence. 
Significant containment leakage does not begin until 45.3 hours after accident initiation. (2) The 
cesium airborne concentration in the containment air space has a profile similar to that of iodine. 
No active safety systems or operator actions were assumed to be functional in this SOARCA anal-
ysis. The only barrier in this analysis between the melting reactor core and the public was the pas-
sive containment building. In this accident sequence the containment’s leak rate slowly increased 
as the pressure inside the containment slowly increased. The extended time periods before the air-
borne radioactive material in the containment begins to enter the atmosphere provides opportuni-
ties for natural forces to reduce airborne iodine concentrations in the containment building. 

The natural forces inside the containments of in water cooled reactors that are important include 
the scrubbing and retention of particulate fission products by water that overlies molten core 
debris and by aerosol deposition. According to the NRC document NUREG-1465 “There are four 
natural processes that remove aerosols from the containment atmosphere over a period of time: 
(1) gravitational settling, (2)diffusiophoresis, (3)thermophoresis, and (4) particle diffusion...All 
particles fall naturally under the force of gravity and collect on any available surface that termi-
nates the fall; the floor or upper surfaces of equipment. Both diffusiophoresis and thermophoresis 
cause the deposition of aerosol particles on all surfaces regardless of their orientation, i.e., walls 
and ceiling as well as the floor.”(3) Many of these natural forces available in water cooled nuclear 
reactors are present in other designs that do not use water as the cooling medium.

In this SOARCA analysis less than one percent of the initial inventories of 131I and  137Cs were 
calculated to be released to the atmosphere. The remaining 99+% of these radioactive isotopes 
were trapped inside the containment building.

2.7.3 Heat Capacity

Another natural processes that limits the rate at which radioactive material might be released into 
the atmosphere is total heat capacity. Nuclear reactor fuel elements, reactor internals, control rods, 
and the pressure vessel together create a large mass of material. It takes time to melt much of this 
massive amount of material. This gradual meltdown process limits the rate of release of radioac-
tive material into the atmosphere. Gradual releases of radioactive material into the atmosphere is 
borne out by the Chernobyl and Fukushima accidents as well as studies like the SOARCA and 
Indian Point Terrorist Study. The more gradual the release rate, the lower the offsite dose rate. 
8
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FIGURE A-1  Iodine Distribution, Long Term Station Blackout 

2.7.4 Rapid Loss of Containment Integrity

If there is a rapid loss of containment integrity there would be less time for natural forces to 
reduce the airborne concentrations of radioactive material in the containment building. Two acci-
dents listed in TABLE A-1, the Indian Point Terrorist Study and Chernobyl, are situations where 
there was a rapid loss of containment integrity.

In the Indian Point terrorist analysis it was a assumed that initially the containment had been 
breached with a three square foot hole in it and meltdown sequences were assumed to be initiated 
just one half hour later.As expected, the releases of iodine and cesium were much larger than the 
slow overpressurization sequence in the SOARCA analysis. Yet, even with this large initial 
breach of the containment building, the majority of the initial inventory of iodine (72.6% to 
88.9%) and the cesium (82.0% to 89.9%) were calculated to be trapped inside the containment 
building by natural forces. TABLE A-1 shows that for the Chernobyl accident, about 50 percent 
of the iodine and about 70 percent of the cesium were trapped within the plant, in spite of the early 
failure of its weak confinement building; not the robust containment buildings required in the 
USA. The limited releases of radioactive material into the atmosphere, even with a rapid loss of 
containment integrity, support the conclusion that containment structures act as passive filtering 
systems. 

2.7.5 Long Release Times

Nuclear accidents evolve slowly. It takes time to melt pressure vessels, reactor internals, fuel ele-
ments, etc. This slow process gives plant operators time to attempt recovery actions. It provides 
time for the public to take protective actions, such as sheltering before releases begin to enter the 
9
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atmosphere. The release process also is slow. It can take hours to days to complete the release of 
radioactive material into the atmosphere. Just such a long duration to release radioactive material 
into the atmosphere took place at Chernobyl as shown in FIGURE A-2 where the release of radio-
active material into the atmosphere took about ten days.(4) 

FIGURE A-2 Radioactive Release Rates From Chernobyl
10
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2.7.6 Natural Forces Outside the Containment Building - Heated Plumes: 

Assuming there has been a release of radioactive material into the atmosphere, there are natural 
forces that reduce the dose and the dose rate caused by such releases of radioactive material. 
Reductions in potential offsite radiological health consequences can happen if the radioactive 
plume is heated, as was the case at Chernobyl. A heated radioactive plume will rise because of 
buoyancy and spread out, thereby reducing the local concentrations of airborne radioactive mate-
rial and causing lower local offsite peak doses and peak dose rates. 

2.7.7 Natural Forces Outside the Containment Building - Plume Widths: 

It takes a very narrow plume to maintain high airborne radioactive iodine concentrations and high 
dose rates within the plume. Such very narrow plumes do not occur frequently. Normal meteorol-
ogy, through both wind shifts and wide plume widths, reduces the probability of a nuclear acci-
dent causing an early fatality.

2.7.8 Natural Forces Outside the Containment Building - Wind Shifts: 

FIGURE A-3 illustrates the importance of wind shifts. Assume that a person experiencing a 
steady wind direction received a very high dose of 3 Grays. In this hypothetical situation, accord-
ing to FIGURE A-3, with minimal medical treatment there would be about a 50% chance that this 
very exposed individual would become an early fatality. Now modify this hypothetical case with 
the wind shifting once so that two individuals at different locations would each receive half the 
one person dose, or 1.5 Grays each. FIGURE A-3 indicates that these two individuals with half 
the dose each would be below the threshold for near term fatalities. In this hypothetical example 
the chances of causing a near term fatality from exposure to radiation decreased from 50% for one 
individual to about 0% for two individuals, each with half the dose of the single receiver. Even 
though the same amount of radioactive material was released into the atmosphere in these two 
hypothetical cases, wind shifts would significantly lower calculated early health risks from 
nuclear accidents. Long duration radioactive releases result in a high likelihood of having a wind 
shift during the radioactive plume release period, thereby reducing or eliminating the early fatality 
risk.

Downwind people are apt to experience changes in wind direction which would move the radio-
active plume away from them before high exposure levels have been reached. We know from 
actual accidents and from accident studies, that the releases of radioactive material from the con-
tainment building are slow and can take many hours, during which time the wind direction will 
likely change several times, thereby lowering peak dose rates. For example, at the Indian Point 
site there is a 50% chance that there would be a change in wind direction in the next hour. (See 
FIGURE A-4). Every three hours there is over 80% probability of a wind shift of at least one sec-
tor (22.5 degrees) at Indian Point.

There were multiple wind shifts during the Chernobyl accident as illustrated by FIGURE A-5.(5) 
As discussed before, there is a high likelihood of wind shifts during these long duration releases. 
These wind shifts lower the downwind dose rates and doses. This, in turn, reduces the probability 
of causing an early or latent fatality.
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Additional information is available in Appendix C, which is a history of the wind directions at the 
main gate of the Fukushima site during March 14, 2011 and the recorded radiation levels. It is 
noted that the wind direction on that day changed frequently.

Note that FIGURE A-3 is for high dose rates. The same doses at lower dose rates would consider-
ably reduce radiation health risks.

FIGURE A-3 Risk of Mortality Versus Radiation Exposure
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FIGURE A-4 Probability of Wind Shifts at Indian Point

FIGURE A-5 Wind Shifts During the Chernobyl Accident
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2.7.9  Natural Forces Outside the Containment Building - Gravity: 

Gravity plays a radiation health consequence reducing role both inside the containment building 
and outside. Outside the containment gravity limits the distance from a damaged nuclear plant 
where early fatalities might occur. Gravity causes radioactive particles in the plume to fall to the 
ground, making the plume less and less radioactive as it moves away from the damaged plant. 
Typically, in one mile or less the radioactive plume would have weakened to the point that it 
would no longer be able to produce near term life threatening dose rates. At some distance from a 
damaged nuclear plant the dose rate would have decreased to the point that radiation exposures 
would be below the level where radiological health effects would be detectable or even harmful. 
To be clear, radiation is detectable with proper instrumentation down to very small levels, but the 
health effects from such low exposure levels are not detectable at exposures less than 100 mSv.

2.7.10  Natural Forces Outside the Containment Building - Weathering: 

A natural long term protective process is weathering that significantly lowers ground level dose 

rates from 137Cs. Radioactive cesium at ground level seeps into the soil because of rainfall and 
other weathering effects, significantly lowering the ground level radiation dose rate over time. For 
example, at a distance of 30 kilometers from Chernobyl, weathering reduced the ground level 
dose rate in 100 days to about 13% of what it was 10 days after the accident. After 1,000 days, 
less than three years, weathering reduced the ground level dose rate to about 3% of the 10 day 
dose rate.(6) Areas closer to the release point also showed significant dose rate reductions over 
time due to weathering. See the dose rate/distance data plotted in FIGURE A-6.

FIGURE A-6 Effect of Weathering on Long Term Dose Rates
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2.7.11 Natural Forces Outside the Containment Building - Three Observations

All natural forces outside the containment building that reduce accident dose rates apply to all 
nuclear designs, including non-water cooled designs.

There has to be enough radioactive material, especially radioactive iodine 131I, in the reactor core 
to reach the requisite offsite very high dose rate levels to cause an early fatality. Mini-reactors 

might fall into a category where the inventory of radioactive 131I may inherently be too limited to 
reach such very high offsite dose rates. A 300 megawatt-electric (MWe) SMR would have, 
roughly, 30% of the iodine inventory in its reactor core that a 1,000 MWe light water reactor 
would have. As discussed before, only a fraction of the initial radioactive iodine inventory will 
escape being trapped inside the containment building.

2.8 Insights From Human Biology

2.8.1 Introduction

In addition to actions taken by humans to minimize the probability of a nuclear accident occurring 
and to mitigate the releases of radioactive material into the atmosphere human biology has an 
important role in limiting the health consequences from nuclear accidents.

2.8.1.1 Human Biology Insight #1

Humans are capable of enduring very high levels of ionizing radiation. For example, extremely 
high radiation dose rates were experienced by some survivors of the bombings of Hiroshima and 
Nagasaki. These dose rates were far in excess of any dose rate a nuclear accident could produce. 
As pointed out by Ropeik, (A)“Roughly 14,000 people who were within one kilometer of where 
the explosion took place, [the] exposure increased the likelihood of death by cancer by less than 
one percent.”(B) The Life Span Study followed 86,600 survivors who were exposed to radiation at 
Hiroshima and Nagasaki.These survivors and their offspring have been studied for nearly 80 
years, comparing their health to Japanese citizens not exposed to the doses and the types of radi-
ation the bombs produced. Those people exposed to radiation, suffered no increase in cancer 
compared to those in the unexposed group, and (C) This exposure to radiation did not cause 
multi-generational health effects.(7)

2.8.1.2 Human Biology Insight # 2 

The importance of biology has been explained by Sacks: “When considering a broad organismal-
level perspective, the pitfalls of the LNT model of radiation carcinogenesis become apparent. For 
example, the spontaneous rate of DNA alterations due to normal oxidative metabolic processes in 
our cells dwarf the DNA alteration rate due to background or most other radiation exposures 
(Billen 1990; Siegel and Walsh 2015). The natural background mutation rate, assuming an aver-
age background exposure rate of 3 mSv per year in the US (lower than many regions in the world) 
would be 3-30 DNA alterations per cell per year, which is almost 2.5 million times lower than the 
spontaneous mutation rate due to normal metabolism. Background exposure rates even a hundred 
times greater would still produce DNA alterations several orders of magnitude lower than those 
due to normal metabolism. The point is that the normal body effectively deals with these numer-
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ous spontaneous mutations through a set of mechanisms collectively called the adaptive response; 
the small excess conferred to a low dose of radiation, even if LNT was true, would not likely be 
detectable.”(8) Simply stated, our metabolism is based on an oxygen system which also attacks 
our DNA. The multiple repair systems that all of us have in order to deal with oxygen, far exceed 
what is necessary to deal with attacks to the DNA by low level radiation.

Since background dose rates in the USA average 3 mSv/year, a hundred fold increase would 
imply a threshold of at least 300 mSv/year with considerable margin. Recall that at natural back-
ground dose rates of 3 mSv/year “is almost 2.5 million times lower than the spontaneous mutation 
rate due to normal metabolism”.

2.8.1.3 Human Biology Insight #3 

Very high levels of radiation exposure are necessary to cause an early fatality.The NRC has stated 
that “Experts believe that 50 percent of the people [LD50] would die within 30 days after receiv-
ing a whole body dose 350,000 to 500,000 mrem over a period ranging from few minutes to a few 
hours.” With medical treatment, radiation exposures needed to reach LD50 would have to be 
about twice as high. Offsite dose rates at such high levels are highly unlikely from nuclear acci-
dents. 

2.9 Emergency Planning

Backing up all of the above is emergency planning. A description of how to modernize emer-
gency planning is presented in Section 5 of this report.

2.10 Lessons Learned

Nuclear safety is not static. After every accident there is an intense world-wide review of what 
went wrong and what steps should be taken to prevent this type of accident from ever occurring 
again. In the United States accidents at nuclear power plants have led to upgrades in fire protec-
tion, improved emergency planning, training operators on how to respond to severe accidents, and 
the addition of portable safety equipment that can readily supply cooling water and electricity at 
multiple locations throughout the nuclear plant. 

Vast increases in computer power have supported more detailed accident analysis capabilities 
with more realistic results. Computer models have improved by incorporating the results of vari-
ous nuclear safety experiments.

2.11 Conclusions

Three major conclusions can be drawn from the above material. First, careful design of nuclear 
reactor plants plus safe operator actions, combined with consequence reducing actions brought 
about by natural forces and supplemented by effective emergency plans, result in near zero early 
and latent radiological fatality risks from nuclear power plants. Second, these human and natural 
actions means that the NRC has met the AEA’s requirement for adequate protection of the public. 
Third, meeting the AEA’s adequate protection requirement does not depend on the LNT model. 
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3.0  Moving Beyond the Linear No-Threshold (LNT) Model

3.1 Introduction

The central purpose of the LNT model is to demonstrate that its use by the NRC meets the AEA 
requirement to provide adequate protection of the public. However, Section 2 of this report con-
cluded that adequate protection of the public has been achieved without the use of the LNT 
model. It is not proven that LNT ever provided adequate protection of the public.

This section takes a closer look at the LNT model itself and the interaction between the LNT 
model and the Latent Fatality Safety Goal. Limiting the distance over which LNT is applied to 
match NRC’s ten mile radius used in analyzing compliance with the Latent Fatality Safety Goal, 
would truncate out almost all of the projected LNT radiological health effects.

Most of the LNT health consequences are calculated to occur at low doses. However, radiological 
health effects from doses less than 100 mSv are too small to be detectable; the health effects of 
ionizing radiation below doses of 100 mSv are not statistically different from zero. Yet the bulk of 
the calculated LNT health effects are less than 100 mSv (10,000 mrem). Further, the greatest 
uncertainty in the LNT model also occurs at doses below 100 mSv.

Finally, this report offers a new, defensible, regulatory tool that should replace the use of LNT. 

Summarizing, it is time to move beyond the linear no-threshold model.

3.2 Internal Regulatory Conflicts

The NRC itself has acknowledged significant limitations of the LNT model.The main virtues of 
LNT, according to the Rulemaking Petition identified in Section 3, seem to be that it is “prudent”, 
“pragmatic” or “practical” - i.e., everything except “proven”. (Petition, at 45925, 45926,45927). 
These “virtues” are matters of convenience and are not a substitute for scientific proof. The NRC 
acknowledges that its prudent, pragmatic and practical approach to radiation protection may over-
estimate risks “Even so, the regulations assume that any amount of radiation may pose some 
risk.They aim to minimize doses to radiation workers and the public. The international commu-
nity bases standards for radiation protection on something called the linear no-threshold model. 
The idea is that risk increases as dose increases. And there is no threshold below which radiation 
doses are safe. The model is a conservative basis for both international and NRC radiation dose 
standards. This means that the model may overestimate risk.”(9)

The NRC quotes the International Atomic Energy Agency about the LNT model “is the working 
hypothesis on which the IAEA’s safety standards are based. It is not proven -indeed it is probably 
not provable- for low doses and dose rates, but it is considered the most radiologically defensible 
assumption on which to base safety standards.” [emphasis added] (Petition, at 45927). The Fed-
eral Register (Petition, at 45928) also included the following:“The ACMUI report stated that 
determining the “correct” dose response model for carcinogenesis remains an unsettled, scien-
tific question.” 

This issue of having an adequate proof has been taken further by the NRC. In its 1991 final rule, 
the NRC stated that these “assumptions are necessary because it is generally impossible to deter-
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mine whether or not there are any increases in incidence of disease at very low doses and dose 
rates, particularly in the range of doses to members of the public resulting in NRC-licensed activ-
ities.” (Petition, at 45925). Yet, as shown in FIGURE A-7 the bulk of the consequences that the 
LNT model predicts comes from low doses, the very area where the uncertainty of the LNT model 
is the greatest.(10)

FIGURE A-7 Sensitivity of the LNT Calculations to Truncation Levels

The NRC appears to be in a conflicted position. On one hand it states “The NRC acknowledges 
the difficulties inherent in determining the amount of damage to the human body caused by low 
doses of radiation. The NRC, however, does not use the LNT model to assess the actual risk of low 
dose radiation. Instead, the NRC uses the LNT model as the basis for a regulatory framework that 
meets the “adequate protection” standard of the Atomic Energy Act of 1954, as amended.” (Peti-
tion, at 45924) On the other hand, the NRC acknowledges that the LNT is unproven and probably 
unprovable and that the largest uncertainty comes at low doses, which is precisely where the bulk 
of the LNT calculated risk is. How can the NRC demonstrate that the LNT provides adequate pro-
tection of the public merely by using LNT? Can the NRC quantify the difference in public protec-
tion with and without the use of the LNT model? 
18



Modernizing the Nuclear Regulatory Commission - REV.2
In the early years of regulating nuclear energy, operating experience was very limited: insights 
from actual accidents like the Three Mile Island accident, Chernobyl, and Fukushima plus less 
serious accidents were not available, and the transformation from a highly conservative determin-
istic regulatory framework to a risk-informed, performance based regulatory framework had not 
taken place, and sophisticated computer accident analyses, like the SOARCA program, had not 
yet been developed. Yet, in these earlier years the NRC (then the AEC) still had to show that it 
met the ‘Adequate Protection” requirement of the Atomic Energy Act of 1954. With little else to 
turn to, the old AEC latched on to using the long-established LNT model and, in doing so, 
claimed that the AEA’s Adequate Protection requirement was somehow met. All this is like trying 
to build a tall apartment building starting at the second floor.

The early use of the LNT model by the AEC is understandable considering there were few other 
options to turn to. Its continued use by the NRC is unacceptable, considering what we know 
today.

3.3 Policy Challenges to the LNT Model

3.3.1 Detectability and Compliance

The Health Physics Society Policy Statement 010-4 states, in part, “Substantial and convincing 
scientific data show evidence of health effects following high-dose exposures (many multiples of 
natural background). However, below levels of 100 mSv above background from all sources com-
bined, the observed radiation effects in people are not statistically different from zero.”(11) The 
NRC is in agreement with the Health Physics Society when it states: “Low doses spread out over 
a long time period would not cause an immediate problem.The effects of doses less than 10,000 
mrem(100 mSv) over many years, if any, would occur at the cell level. Such changes may not be 
seen for many years or even decades after exposure.”(12)

Given the above NRC statement, that doses below 100 mSv do not establish a firm link to cancer, 
then the NRC has no authority for taking compliance and enforcement actions below 100 mSv. 
The inability to detect the effects of radiation below 100 mSv impacts NRC’s compliance and 
enforcement processes which are based on evidence of harm or potential harm. How does a lic-
ensee prove that actions that produce doses below 100 mSv do not cause radiological health 
issues? How would the NRC show non-compliance and justify some kind of enforcement action 
without proof of damage? The NRC’s basic regulatory tools of compliance and enforcement can-
not be utilized for doses below 100 mSv in a manner similar to how they are used elsewhere in the 
regulatory process where enforcement actions are based on evidence. If one were in a court of law 
claiming that some other person had harmed him, this would require evidence to support such a 
claim. Yet, the NRC has acknowledged that it has no such evidence. Therefore a science-based 
lower limit on the range of the regulatory process should be a dose of 100 mSv. Further, it cannot 
be shown that the NRC’s public protection limit of 1 mSv per year (a dose rate limit) results in an 
observable health benefit. Even if one assumes that the effects of radiation accumulate, at a dose 
rate of 1 mSv per year, it would take one hundred years to accumulate 100 mSv, the detectability 
boundary, assuming zero repair mechanisms. One hundred years is longer than the lifetime of 
most people.
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3.3.2 Radiation Protection and Risk-Informed Regulation

There is a second regulatory reason to exclude regulatory actions at doses below 100 mSv besides 
issues of compliance and enforcement. The NRC is a risk-informed agency. As such, the NRC 
distributes its resources according to risk significance. Systems, structures, and components, as 
well as operator actions during accident sequences, command resources according to their risk 
significance. This fundamental use of risk information justifies truncation levels, such as those 
used in Probabalistic Risk Assessments (PRAs). PRA analyses typically cut off/truncate accident 

sequences whose calculated frequencies are less than 10-7 per year. Such truncations do not imply 

that there is no risk from potential events less frequent than 10-7 per year. Rather, such a trunca-
tion demonstrates that a regulatory body is using its finite resources in an optimum way. Just as 
the NRC eliminates sequences that are not risk significant when using PRAs, it should eliminate 
expending resources on doses that are not risk significant because they are too small to be detect-
able. In fact, the NRC already eliminates doses that it judges to be insignificant, as discussed later 
in this report.

3.3.3 Incomplete Use of Available Radiation Data

The NRC rejects the use of health effects data from high background regions like Guarapari, Bra-
zil and the Kerala Coast in India. It argues that “These high background exposure studies are epi-
demiological in nature. They cannot be used as quantitative estimates of disease risk associated 
with the radiation exposure levels found in the areas studied because the studies lack quantifiable 
evidence of cancer risk. As explained by NCI there are limitations associated with reliance on epi-
demiological studies in any effort to invalidate the LNT model.” However, the LNT model itself is 
based on epidemiological studies. These epidemiological studies have been subjected to signifi-
cant errors.(13) Using the NRC’s argument to reject data from high natural background areas, 
shouldn’t the NRC also reject the LNT based on its poor epidemiological history?

The data from high background regions have distinct advantages over the LNT model. The data 
from these high background regions are based on long term exposures of humans, stretching over 
decades. They are not extrapolations of fruit fly or mice studies conducted over a much shorter 
time period. They are not extrapolations from high doses to low doses and do not need DDREF 
“correction factors”. They do not depend on linearity. They do not have to prove or disprove any 
threshold. They do not have to struggle with detectability issues. In the case of Ramsar, Iran the 
annual dose is about 220 mSv which exceeds the 100 mSv detectability limit. The lack of higher 
latent fatality rates in Ramsar, Iran is evidence itself. How does the NRC explain the lack of an 
increased latent fatality dose rate at these high background locations? These high background 
exposure areas appear to refute the LNT model and therefore should receive close scrutiny, not 
outright rejection.

3.3.4 The LNT Model Versus the Latent Fatality Safety Goal

The NRC has established both an Early Fatality Safety Goal and a Latent Fatality Safety Goal. 
When analyzing compliance with the Early Fatality Safety Goal, analyses concentrate on the 
innermost one mile from the point of release of the radioactive material. This is because the range 
of the early fatality risk is between zero and one mile from the release point. Typically, going 
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beyond one mile would not add any more early fatalities. The situation for latent fatalities is just 
the opposite. As seen on maps that traced the locations of deposited radioactive material from the 
Fukushima and Chernobyl accidents, the affected areas can cover great distances from the point 
of release, but at very low dose rates. These maps also show that there were wind shifts during the 
time that the radioactive material was being released into the atmosphere. Yet, when determining 
compliance with the Latent Fatality Safety Goal, the NRC only considers the area out to a dis-
tance of ten miles. Separately, when the NRC analyzes the LNT model, the area-of-interest is 
sometimes characterized as a mono-directional wedge with a 1,000 mile radius. The ten mile 
radius assumed for Latent Fatality Safety Goal compliance analysis is only one hundredth of one 
percent of the total wedge area [0.0001] used in LNT analysis. There may be a reason why the 
NRC has taken a drastically different area-of-interest approach for the calculation of the latent 
fatality risk compared to its approach when analyzing the LNT model. The reason for these very 
different areas-of-interest may be tied to limitations within the Latent Fatality Safety Goal itself.

Estimating compliance with the Latent Fatality Safety Goal starts with estimating the number of 
potential radiation-based cancer fatalities in the downwind area of a nuclear accident. Then the 
number of cancer fatalities in the same area from non-accident causes is determined from statisti-
cal health records. The third step is to calculate the ratio of the nuclear accident radiation latent 
fatalities divided by the non-nuclear cancer fatalities to see if the Latent Fatality Safety goal of 
being smaller than one part in a thousand has been achieved. 

In general, the larger the area-of-interest is, the smaller this ratio becomes. This is because 
increasing the area-of-interest adds more non-nuclear latent fatalities than the added number of 
nuclear accident latent fatalities. The longest distance from the point of release where the Latent 
Fatality Safety Goal of one part in a thousand would be achieved would be if all the initial radio-

active inventory of 137Cs in the reactor core were released into the atmosphere with a conditional 
frequency of 1.0. Analyses for compliance with the Latent Fatality Safety Goal becomes mean-
ingless beyond this maximum distance because the ratio of projected nuclear accident latent fatal-

ities to non-nuclear cancer fatalities gets continuously smaller than the 10-3 goal. Yet, there would 
be areas beyond this maximum Latent Fatality Safety Goal compliance distance that likely have 

deposited radioactive 137Cs. Thus, unlike the analysis of compliance with the Early Fatality 
Safety Goal where the area-of-interest matches the range of the early fatality risk, a one-to-one 
correspondence may not be achievable with the Latent Fatality Safety Goal. In response to this 
situation, the NRC assesses compliance to the Latent Fatality Safety Goal using a radius of ten 
miles, even though this excluded at least 99.99 percent of the area that might be downwind from 
the damaged plant when a 1,000 mile mono-directional wedge model is used. A more realistic 
model than the mono-directional wedge model would include wind shifts, as was observed in the 

Fukushima and Chernobyl accidents. A more realistic model would use 137Cs source terms where 

only a fraction of the initial 137Cs was released into the atmosphere. Both of these more realistic 

model improvements would shorten the distance at which the 10-3 ratio goal would be achieved.

There is a second reason to use a ten mile radius when calculating compliance with the Latent 
Fatality Safety Goal. Everyday experiences, epidemiology, and biology teach us that there are 
thresholds, below which no detectable effects from ionizing radiation are expected. As shown 
below in FIGURE A-7, even very low thresholds would be sufficient to greatly reduce the number 
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of calculated latent fatalities, based on an LNT model analysis. FIGURE A-8 repeats FIGURE A-
7, but superimposes a number of well known exposure situations where no increase in the rate of 
latent fatalities has been observed. In effect, the vertical lines in FIGURE A-8 act as threshold val-
ues. In FIGURE A-8, Line A, at 300 mrem per year is close to the average annual dose from back-
ground radiation in the United States of 310 mrem per year. Line B, at around 600 mrem per year, 
is about the sum of background radiation and manmade sources of 620 mrem per year. Line C, at 
one rem per year, would reduce the LNT model’s calculated latent fatality dose by about 95%. A 
one rem per year dose is about the background annual dose rate in the Kerala Coast in India and 
below the annual background dose rate in Guarapari, Brazil of about 3.5 rem/yr. Line D in FIG-
URE A-8 at 10,000 mrem (10 rem or 100 mSv) is the dose at which the Health Physics Society 
and others have stated that no radiation health effects below this level are detectable. Finally, Line 
E, at around 21 rem per year, is the background dose level in Ramsar, Iran where no increase in 
latent cancer fatalities have been observed after lifetimes of exposure to its high background dose 
rate. Similarly, no increase in latent cancer fatalities have been observed in the Kerala Coast in 
India nor at Guarapari, Brazil from their high background dose rates. Many other “real life” 
examples on the health effects of low dose radiation are available, such as comparing cancer rates 
of people who live at higher elevations to sea level populations. Such comparisons do not support 
the LNT model.

FIGURE A-8, based on real-life radiation exposures where no increase in the latent fatality risk 
has been detected further supports the NRC position to limit the analysis of the Latent Fatality 
Safety Goal to ten miles. In order to have consistency in the regulatory process, the number 
of calculated latent fatalities using the LNT model should also be based on a ten mile radius 
from the point of release. 

If the number of latent fatalities predicted by a ten mile LNT analysis is very small, then it is dif-
ficult to show that the use of the LNT model provides adequate protection, i.e., public protection 
is virtually the same with or without the use of the LNT model.
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FIGURE A-8  Truncation Levels and Background Dose Rates

3.4  Technical Challenges to the LNT Model

There are many technical challenges to the LNT. Perhaps the most serious challenge is that the 
LNT model does not account for human repair mechanisms. As a result, the LNT model predicts 
the same level of damage regardless of whether exposure to ionizing radiation takes place over a 
short or long time period. Ignoring repair mechanisms defies everyday experiences and the whole 
science of biology. 

A B C D E
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3.4.1 Thresholds

3.4.1.1 Definition of a Threshold

In this report a threshold is defined as a point of inflection where there is one set of conditions 
below this point of inflection and a different set of conditions above the point of inflection. For 
ionizing radiation some members of the radiation health physics community believe that there is a 
threshold below which ionizing radiation does not cause any net damage or may produce a health 
benefit (as in hormesis) and that above which, ionizing radiation causes net damage. This defini-
tion of a threshold is consistent with biological observations that the human body has multiple 
repair mechanisms that respond to the effects of ionizing radiation. At low dose/dose rate levels 
these human repair mechanisms are very effective in repairing the damage caused by ionizing 
radiation. At very high doses/dose rates human repair mechanisms may not be able to repair all 
the damage caused by ionizing radiation. Once it is acknowledged that humans have finite repair 
mechanisms to deal with the effects of ionizing radiation this automatically implies that there is a 
threshold, i.e., the point where such repair mechanisms are not sufficient to completely overcome 
the damage caused by ionizing radiation.

Calabrese, et al, have expressed the threshold issue in a most interesting way, connecting the inci-
dence of cancer and tumor latency periods to dose and dose rate.(14) As stated in this Calabrese 
paper “Considerable experimental evidence indicates: (1) Tumor latency (time-to-tumor) is 
inversely related to the dose of carcinogens and (2) lower doses of carcinogens display quantifi-
able discrete latency thresholds below which the promotion and, consequently, the progression 
and growth of tumors are delayed or prevented during a normal lifespan. Besides reconciling well 
with the concept of tumor promotion, such latency thresholds also reconcile favorably with the 
existence of thresholds for tumor incidence, the stochastic process of tumor initiation, and the 
compensatory repair mechanisms of hormesis.” The Calabrese inverse relationship between 
tumor latency and dose is the opposite of the LNT model which assumes a linear relationship 
between dose and radiation health consequences. The Calabrese analysis is consistent with having 
ionizing radiation thresholds, unlike the LNT model. The lower the dose, the longer the time 
period before the appearance of a tumor. This means that for low doses the latency period could 
extend beyond the expected life span of the exposed individual. At higher radiation exposures, 
tumors would be expected within the exposed person’s lifetime. This tumor latency approach fits 
the definition of what a threshold is; the point of inflection would be where dose levels become 
sufficiently high enough to cause a tumor in the remaining lifetime of the exposed individual.

One area where there has been confusion about the existence of thresholds lies in the difficulty of 
precisely determining where the threshold is for particular radiation exposure incidents. While 
such a threshold estimate was produced by Rowland in his analysis of radium dial workers, dis-
cussed in this report, other threshold estimates are not always possible. The fact that a precise 
determination of where an threshold exists may not be attainable does not refute the fact that 
thresholds exist. For example, most of our lives we do not know the exact date of our inevitable 
death. 
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3.4.1.2 Everyday Experiences

Everyone has experienced threshold situations. Imagine that a cook using a sharp knife slips 
slightly and cuts himself. Like all of us, he knows that almost immediately his body will begin to 
repair itself by stopping the bleeding. In a few days, perhaps in a week, the evidence of this small 
cut would be gone as the body would have completed its repair process. The cook realizes that this 
minor accident could have been far worse. With a somewhat different angle this sharp knife slip-
up might have cut his wrist open and the high flow of blood might have been fatal. Reflecting on 
all this, the cook realizes a number of basic things. First, he knows that the body has significant 
repair mechanisms and without them even a small cut could be fatal. Second, he realizes that a 
more serious cut could have been fatal. He then concludes that somewhere in between the small 
cut and the much larger wrist cut there is a transition point where the body can no longer keep up 
with the rate of blood loss. This transition point can be called a “threshold”. Even though the cook 
does not know the exact location of this threshold, that, in itself, does not deny that the threshold 
exists.

Other everyday experiences raise questions about the validity of the LNT model at low doses. The 
calculated background doses in the USA increased significantly after the discovery of radon gas 
in many homes in 1984. Today radon plus thoron account for about half of the natural background 
dose in the United States.The radiation effects of radon has always been there, i.e., even before the 
discovery of radon in homes. Even though the calculated dose from natural background sources 
approximately doubled with the discovery of radon gas accumulation in many homes, the number 
of recorded cancer fatalities from background sources did not likewise increase. The LNT model 
would have predicted an increase in recorded cancer fatalities in proportion to the increase in 
absorbed dose. Similarly, radiation doses to the US public has about doubled again because of 
increased use of ionizing radiation in medical procedures. Again, no increase in cancer from ion-
izing radiation from medical procedures has been detected.

There are a number of locations on earth where natural background dose rates are considerably 
higher than what they are in the USA, The average natural background radiation level in Ramsar, 
Iran of 200 to 250 mSv/year is about 70 times that in United States with no observed increase in 
latent fatality cancer rates from this radiation.(15) Ramsar is not unique. Higher background radi-
ation levels than those in the USA can be found in the Kerala Coast in India, in Guarapari, Brazil, 
and in Yangjiang, China, all without elevated latent fatalities from lifelong exposures to these 
higher dose rates. Higher dose rates occur at higher elevations. Do the people in mile high Denver, 
Colorado have higher latent cancer fatality rates due to their location than people living at sea 
level? 

The long term effects of the Chernobyl accident also challenge the use of the LNT model. With 
regard to latent fatalities, Socol reported in 2015 about the 1986 Chernobyl accident: “Many dire 
predictions were (and are still being) made. It was claimed, e.g., that over 50,000 people will die 
of Chernobyl-induced cancer. In spite of the best efforts of statisticians and epidemiologists, the 
claimed Chernobyl-induced cancers and mutations have yet to manifest themselves.”(16) 

According to LNT theory higher cancer rates should have occurred from radon gas in people’s 
homes, from increased use of ionizing radiation in medical procedures, at high dose/dose rate nat-
ural background locations, and downwind from Chernobyl, but they have not.
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3.4.1.3 Beyond Everyday Experiences

A. Experiences With Radium Dial Workers

One of the most enlightening analysis of the LNT model was conducted by Rowland of the 
Argonne National Laboratory.(17) A famous case in the history of the effects of radiation on 
humans is that of the radium dial painters. Between the years 1915 and 1950 numerals on lumi-
nous watch dials were hand painted with radium paint, mostly by young women. In order to keep 
the tip of their brushes at a sharp point, these women used their tongues and in the process 
ingested radium. An analysis was made by Rowland of the health effects on 1,530 of these radium 
dial workers and the results were placed into different groups depending on the dose range. Data 
from Rowland’s analysis are shown in TABLE A-2.

TABLE A-2 shows that at radiation exposures of below 10 gray there were no observed sarcomas. 
Above 10 Gray the incidence of sarcomas per person-year increased non-linearly as the dose rate 
increased. As Rowland said “It is not my purpose to specify precisely where the threshold is, it is 
only to point out that this data set strongly suggests that there is a threshold.

Rowland’s data are also displayed in FIGURE A-9, a reproduction of his Figure 3 in the refer-
enced Rowland report. FIGURE A-9 is the antithesis of LNT. There is a hundredfold difference 
between the skeletal dose at 0.1 Gray and 10 Gray, but both show the same zero sarcomas per per-
son year. If the LNT model were used, the radiological health impact at 10 Gray would be consid-
erably larger than the radiological health effect at 0.1 Gray. Beyond about 10 Gray the incidence 
of sarcomas increases exponentially, not linearly. Below 10 Gray the radiological health effect 
appears to be linear, but this is because this figure is plotted on a logarithmic scale.

The following explanation is offered: radiation damage rates and human repair mechanisms rates 
offset each other up to about 10 Gray. Between zero and about 10 Gray there are no sarcomas and 
therefore no detectable accumulated damage. This would be the case if the human body’s repair 
rate continuously matched the increasing damage rate, leaving a net zero damage up to about 10 
Gray. At about 10 Gray the damage rate would begin to overcome the repair rate leading to a net 
damage, which shows up in an exponential form in FIGURE A-9. 

TABLE A-2 Distribution of Doses of 1,530 Radium Dial Workers

Dose Range, Gy Weighted 
Dose, Gy

Cases Sarcomas Person- 
Years at Risk

Sarcomas/

Person-Year
>100 156.78 26 13 494 0.0263

>50.0 <100 62.72 38 17 1,176 0.0145

>25.0<50.0 37.19 47 15 1,937 0.0077

>10.0<25.0 15.92 49 1 2,537 0.0004

>5.00<10.0 7.046 52 0 2,918 0

>2.50 <5.00 3.520 57 0 3,162 0

>1.00 <2.50 1.584 106 0 5,856 0

>0.50<1.00 0.705 96 0 5,015 0

>0.25<0.50 0.352 141 0 7,103 0

>0.10<0.25 0.156 205 0 9,422 0

>0.05<0.10 0.067 167 0 7,314 0

>0.025<0.05 0.035 80 0 3,419 0

< 0.025 466 0 21,748 0
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Rowland concluded in 1996:“Given the number of people that acquired radium internally, it is 
remarkable how few suffered significant damage. To be sure, those that developed radium-
induced malignancies suffered severely. Those that acquired very large internal quantities of 
radium, as did many of the early dial painters, also suffered from what we today suspect were 
acute radiation doses leading to early deaths. However, the great majority of exposed individuals 
went through life with no recognizable consequences of their exposures. They lived as long as, 
and apparently in as good health as, their unexposed neighbors. This fact seems to have been lit-
tle appreciated and seldom mentioned, but it may be the most important finding of the entire 
study.” It appears that the radium workers with no recognized consequences from their exposures 
had continuous natural repair mechanisms to offset the continuing dosage from radium that lasted 
in their bones for the rest of their lives.

Rowland used a number of different correlations of the data to find the best fit for estimating the   
ingestion threshold for radium. These different correlations led to calculated threshold values 
ranging from 7.5 to 15.4 Gray. Regardless of the correlation one may select, there always is a 
threshold and the threshold is enormously higher than many of the dose limits set by today’s reg-
ulatory bodies.

FIGURE A-9 Sarcoma Incidence Versus Weighted Skeletal Dose

3.4.2 High Dose to Low Dose Extrapolations

There is a basic challenge to the validity of the LNT model which depends on correlating high 
dose-response data from the bombing of Hiroshima and Nagasaki to low doses. According to 
Ricci and Tharmalingam (R&T) “... to justify application of the LNT to low doses, high dose-
response data, e.g., from the bombing of Hiroshima and Nagasaki, are linearly interpolated to 
background incidence (which usually has large uncertainty). In order for this interpolation to be 
correct, it would imply that the biological mechanisms leading to cancer and those that prevent 
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cancer at high doses are exactly the same as at low doses. We show that linear interpolations are 
incorrect because both the biological and epidemiological evidence for thresholds or other non-
linearities are more than substantial.”(18)

Devanney has provided additional insights on the extrapolation subject by comparing single 
strand breaks (SSBs) to double strand breaks (DSBs) in our DNA caused by ionizing radiation. 
The number of SSBs per cell day far exceeds the number of DSBs, with about 20,000 to 60,000 
per cell day for SSBs compared to about 8 to 50 per cell day for DSBs. Even though the number 
of SSBs per cell day far exceeds the number of DSBs per day, the human body has extremely effi-
cient repair processes to repair or replace SSBs. However, repairing DSBs can be more diffi-
cult.(19)

As published in the Federal Register, (Petition, at 45932) the NRC stated: “If the radiation dose is 
received chronologically (i.e., over a long period of time) the biologic response differs because 
much of the radiation damage is effectively and efficiently repaired. To account for this difference 
in response to chronic low dose and low dose rate radiation exposure as compared to high dose 
and high dose rate radiation exposure, the ICRP and the NCRP recommend, and the NRC has 
adopted, adjusting the risk of death from radiation exposure using a DDREF of two.” 

Acknowledging that there are differences in human response between low dose/low dose rate 
exposures and high dose/high dose rate exposures refutes the definition of what the LNT means. 
If radiation damage was just directly in proportion to the dose, there would not be any need to 
apply DDREF factors. Further, acknowledging that there are repair mechanisms that are efficient 
and effective in the low dose/low dose rate range (chronological exposures) differs from the LNT 
model which does not account for repair mechanisms. What is quite substantial is that it is the 
ICRP and the NCRP, which the NRC depends upon, that are the sources of these DDREF “correc-
tions” to the LNT model.

3.4.3 Linearity

There are a number of studies that show that the health effects of ionizing radiation are not linear, 
as assumed in the LNT(20). Further, FIGURE A-9 is exponential, not linear, to the right of the 
threshold area. To the left of the threshold area, around 10 Gray, the data are flat (zero slope) at 
zero sarcomas per person-year. In various LNT type models best fit lines generally have a non-
zero slope at low doses.

3.5 Conclusions

The Linear No-Threshold (LNT) model in the NRC’s Regulatory Framework should be replaced. 
Listed below are some of the reasons that justify taking this action:

A. Adequate Protection: The original purpose for using the LNT model in the regulatory 
framework was to meet the “Adequate Protection” requirement of the Atomic Energy Act 
of 1954, as amended. However, we know today that adequate protection has been achieved 
by applying basic engineering safety principles to the power plant design, careful opera-
tion, and by multiple consequence-reducing natural forces; not by applying LNT. It has not 
been shown that there is a quantifiable difference between the level of public protection 
with and without the use of the LNT model.
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B. Provability: The NRC and many other groups involved with radiation protection acknowl-
edge that LNT is unproven and likely unprovable. NRC analyses show that the bulk of the 
consequences predicted by the LNT would occur at low doses. Yet, low doses would occur 
at precisely the same locations where the LNT model has its greatest uncertainties. Low 
doses are also the locations that are most likely to be below thresholds where no net radia-
tion damage is expected to occur. Further, doses less than 100 mSv do not produce detect-
able damage. So, even if the LNT model were correct at these low doses, the resultant 
health effects from low dose ionizing radiation would be undetectable.

C. LNT Policy Issues-1, Compliance: The inability to detect radiation health effects from 
doses below 100mSv means that normal NRC compliance, enforcement, and remediation 
actions cannot be taken because there would be no supporting scientific evidence of harm 
or potential harm.

D. LNT Policy Issues-2, Risk Significance: The NRC is a risk-informed, performance-based 
agency. Present NRC practice is to not consider situations that are not risk significant. The 

NRC considers that accident sequences that are less frequent than 10-7 per year as not risk 
significant. However, the NRC has not defined what level of radiation exposure is not risk 
(or consequence) significant. Yet, radiation exposures that do not lead to detectable health 
effects fit the definition of not being risk significant. To be consistent with present NRC 
use of PRAs (Probability Risk Assessments) all postulated accident sequences that lead to 
computed doses less than 100 mSv should be considered as not risk significant. With so 
much of the LNT calculated consequences below 100 mSv, much of the LNT model is not 
risk-significant and limited NRC resources should be expended elsewhere.

E. LNT Policy Issues-3, Use of all available data: Specific locations, like at the Kerala Coast 
in India and at Ramsar, Iran have natural high background dose rates, Yet, life-long expo-
sure to these high background dose rates has not led to increases in the public’s cancer 
fatality rate. This situation is opposite to what LNT predicts. The NRC, perhaps with help 
from the radiation protection societies, needs to explain why these high natural back-
ground areas don’t display elevated cancer rates.

F. LNT Technical Issues-1,Thresholds: There is ample evidence that there are ionizing radia-
tion thresholds. The evidence of thresholds ranges from everyday experiences, to the anal-
ysis of radium dial painters, to the analysis of latency periods (time-to-tumor). The 
existence of ionizing radiation thresholds refutes the LNT model.

G. LNT Technical Issues-2, Extrapolations: There are problems extrapolating the conse-
quences of high dose/high dose rate exposures down to low dose/low dose rate exposures. 
A fundamental problem is that the body’s ability to respond to radiation at high doses/high 
dose rates is different from the body’s response at low doses/low dose rates. It appears that 
the response mechanisms at low doses/low dose rates are more effective than those at high 
doses/high dose rates. Extrapolating a less efficient repair process from high doses/high 
dose rates down to low doses/ low dose rates overestimates low dose/low dose rate conse-
quences. The NRC depends on a “correction factor”, DDREF, which shows that the LNT 
model is incorrect. If it were correct, no DDREF correction factor would be necessary.

H. LNT Technical Issues-3, Linearity: Numerous studies have questioned the assumption of 
linearity in the LNT model. One only needs to look at the radium dial painter results in 
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FIGURE A-7 to see that the data above the threshold are exponential. while the data to the 
below the threshold also are exponential because they are plotted on a logarithmic scale.

I. Consensus: The NRC depends on various radiation protection societies to justify the posi-
tions they have taken. However support for the LNT model is not universal.This report 
joins many others that are critical of the LNT model. (21), (22), and (23).

J.  A New Regulatory Tool: Modernizing the NRC includes retiring the use of the LNT 
model replacing it with a far more defensible new regulatory tool. 
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4.0 A New NRC Regulatory Tool 

4.1 Introduction

The purpose of this section is to describe a new regulatory tool that would help modernize the 
NRC by:

1. Further demonstrating that the adequate protection standard of the Atomic Energy Act of 1954, 
as amended, has been met,

2. Meeting the innovation and technology-inclusive requirements of NEIMA, while increasing 
the NRC’s risk-informed, performance-based practices, 

3. Replacing the use of the LNT model and,

4. Supporting the NRC with a pragmatic and scientifically defensible tool which promotes a more 
efficient regulatory process, while improving safety. 

This new regulatory tool would further demonstrate that well established safety design and opera-
tional practices, complemented by risk-reducing natural forces and modern emergency planning, 
meet the adequate protection standard of the Atomic Energy Act of 1954, as amended, (AEA). In 
this new regulatory tool a “Safe Area” is constructed.The adequate protection standard of the 
AEA is enhanced for a nuclear design that shows that no accident scenario that the NRC considers 
to be within its spectrum of plausible accidents falls outside of this Safe Area. This new tool is 
superior to the LNT model which the NRC has long used as its standard of adequate protection. 

NEIMA’s Sec.103 requires the NRC to “increase the use of risk-informed, performance-based 
licensing evaluation and techniques and guidance and establish by the end of 2027 a technology-
inclusive regulatory framework that encourages greater technological innovation.” This new reg-
ulatory tool is innovative and would expand the NRC’s use of risk-informed, performance-based 
NRC processes. Risk is defined as the product of the frequency of a radiological event occurring, 
multiplied by the health consequences that this event would create. Until now the NRC has only 
used the core melt frequency half of risk to rank the safety significance of specific components, 
systems, structures and operator actions and how to avoid dangerous plant configurations. This 
report concentrates on the other half of risk: the consequences. “Consequence-informed” informa-
tion complements “frequency-informed” information in a risk-informed regulatory frame-
work.The safety insights gained from using this new regulatory tool are independent of any 
accident scenario’s frequency and do not require the use of PRAs. The use of consequence-
informed information includes this new regulatory tool and other applications, such as a modern 
approach to emergency planning. 

With this new tool it is possible to do consequence ranking.This leads to emergency plans which 
first protect the members of the public most at risk. This process is repeated until the group with 
the least risk is protected last.

 It is then possible to screen out certain postulated accident sequences because their consequences 
would be too small to be detectable or because they would be incapable of causing an early or 
latent fatality. This screening process helps focus resources on accident sequences that are conse-
quence-significant.This new tool can identify the safety margins of specific designs by estimating 
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the increase in offsite dose rates necessary to cause an early fatality. Once this safety margin has 
been estimated, searches could be made to see if there are any plausible scenarios that might over-
come this safety margin. Similarly, there are safety margins on the mean cumulative dose, and 
searches could be made for scenarios that might be able to overcome this mean cumulative mar-
gin.

This new tool is technology inclusive because it can be applied to all nuclear power plant designs 
or any facility that contains radioactive material. This new tool should be implementable well 
before the end of 2027 because it is based on existing technology. 

4.2 Constructing a New Regulatory Tool 

The starting point in constructing this new regulatory tool are two figures produced by Ricci and 
Tharmalingam (R&T)(18). FIGURE A-10 reproduces Figure 1 of the R&T article plots the 

Excess Relative Risk, ERR.,3 vs. the maximum dose rate in mSv/day. These data are derived from 
multiple epidemiological studies and use a best fit model. 

An ERR = 0 means that there has been no detectable health effects from the absorbed radiation in 
excess of what is observed in the control group. An ERR > 0 means that there has been a detect-
able increase in radiological health effects, relative to the control group. An ERR less than zero 
implies there has been a beneficial effect from the absorbed radiation, such as a hormesis effect. 
Since this document only concentrates on the scope of the NRC, ERR < 0 situations are not cov-
ered here. As shown in FIGURE A-10, ERR = 0 up to a maximum dose rate of 115.9 mSv/day. 
R&T have analyzed these various epidemiological studies and concluded that, statistically, they 
are not different from an ERR = 0.

FIGURE A-11 reproduces Figure 2 of the R&T article and plots the Excess Relative Risk/Gy vs. 
the mean cumulative dose in mGy, based on the whole body effective dose. The data are derived 
from radiation cancer risk studies. In this presentation of the Safe Area the Excess Relative Risk/
Gy is effectively zero up to at least a mean cumulative dose of about 500 mGy. As discussed later, 
there are several reasons to believe that ERR = 0 for mean cumulative doses well in excess of 500 
mGy.

Supporting R&T data for FIGURES A-7 and A-8 are provided in Appendix A. Another set of data 
has been compiled by Devanney and is presented in Appendix B.(24) These data are generally 
supportive of the R&T analyses. Many of the entries in Appendix B where the dose rate exceeded 

3 As reported by the Ministry of the Environment in Japan: “In epidemiology, the term 
“risk normally refers to a relative risk. The factor obtained by subtracting 1.0 from the 
relative risk is the excess relative risk (ERR). The relative risk is defined as the ratio of 
incidence risk among an exposed group divided by incidence risk among a non-exposed 
group.” An ERR = 0 is a situation where there is no detectable radiation health effect. 
An ERR > 0 means that there is an adverse effect and an ERR < 0 is a possible benefi-
cial effect.
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115.9 mSv/day, resulted in ERR values > zero. None of the mean cumulative doses less than 500 
mSv resulted in any ERR > zero.

These two R&T figures are then combined with the maximum dose rate in mSv/day plotted along 
the x axis and the mean cumulative dose in mGy along the y axis, as shown in FIGURE A-12. 
This two-dimensional representation of both dose and dose rate forms an enclosed area, hence-
forth called the “Safe Area”, in which all x,y coordinates are effectively at an ERR = 0. Pictori-
ally, as one moves horizontally to the right (higher dose rates) you are moving towards an early 
fatality (acute exposure) situation. As one moves vertically upward you are moving towards latent 
fatalities (chronic exposure). So this new regulatory tool provides both acute and chronic informa-
tion within the same figure.

Any radiological event that has an x,y coordinates that falls within the Safe Area would have an 
ERR= 0, indicating no increase in radiation health effects compared to a control group. Any 
radiological event that has an x,y co-coordinate with an ERR > 0 would be subject to further 
examination by the NRC. Thus, this Safe Area representation of both dose and dose rate serves as 
another NRC screening device which helps the NRC focus its resources. If a postulated regulatory 
event has x,y coordinates that are in the Safe Area, there is no need to do a Backfit Rule or 
ALARA analysis on the equipment or procedures associated with this postulated regulatory event. 
Having an ERR = 0 meets the “adequate protection” requirements of the Atomic Energy Act of 
1954, as amended.

There are x,y locations within the Safe Area that have higher maximum dose rates and/or higher 
mean cumulative doses than other x,y locations.Yet, since both pairs of x,y locations have ERRs = 
0, both provide adequate protection. This observation could simplify the NRC’s review of pro-
posed design changes in a nuclear plant. This also has leads to a more refined use of ALARA. 
One can compare two points, both within the Safe Area and designated as x1y1 and x2y2. If x2 > 
x1 and y2 > y1, then point x2y2 has a higher dose rate and a higher cumulative dose than x1y1. 
Under the present ALARA approach actions might be required to lower x2y2. However, since 
both x1y1 and x2y2   have ERRs = 0, no actual radiological benefit would be achieved. Using the 
definition of ALARA itself, it would not be reasonable to expend resources on actions that do not 
reduce radiological consequences. 

The Safe Area, where all x,y coordinates have an ERR= 0, is a new NRC regulatory tool that 
could be used to replace the LNT model. The NRC can analyze the offsite health effects of a pos-
tulated accident sequence by estimating the peak dose rate at some location (x direction) and the 
mean cumulative absorbed dose (y direction) during the time that a radioactive plume is being 
released. After the plume release period is over, the dose rate decrease is mostly due to ground 
shine, which would be less than the peak dose rate. The mean cumulative dose will continue to 

rise during and after the plume release period and initially will be mostly due to 131I which has an 

8 day half life. In less than a month 131I will no longer be the dominant source of radiation and 
dose rates would have decreased considerably. The calculations of x and y will depend upon many 
factors including which offsite emergency plan is used, be it evacuation, sheltering, relocation, or 
using a normal activities type of response. 
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FIGURE A-10 ERR vs. Maximum Dose Rate

FIGURE A-11 ERR vs. Mean Cumulative Dose
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FIGURE A-12 A New Regulatory Tool
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4.3 Benefits of this New Regulatory Tool Compared to the LNT Model 

Unlike LNT, there is no need to argue over the existence or numerical value of whole body thresh-
olds.This is because the effects of thresholds are built into each data point in ERR space. The data 
in this Safe Area, ERR = 0, approach are actual human radiation exposure results, not extrapola-
tions from mice, fruit flies, or dogs to humans or extrapolations from high dose rates down to low 
dose rates. This Safe Area, ERR = 0, approach just examines human radiation health effects at dif-
ferent mean cumulative doses and at different dose rates. This approach is a “results oriented” 
radiation health effects approach which avoids disagreements on which correlating line best fits 
the data. This Safe Area, ERR = 0 approach avoids issues of detectability since all the data points 
are in the detectable range. Compared to the LNT model this new regulatory tool has a much more 
diversified data base which includes data from occupational exposures like from airline pilots, 
data from high background areas, data from nuclear waste accidents, data from accident recovery 
workers, data from people exposed to atomic bomb blasts, and others.

4.4 The Mean Cumulative Dose Margin

The R&T mean cumulative dose analysis shown in FIGURE A-11 only goes out to about 500 
mGy. There is evidence of mean cumulative doses with ERRs = 0 that exceed 500 mGy. One indi-
cation of this is the estimate Rowland made of the bone cancer threshold for radium dial expo-
sures in the range of 7.5 to 15.4 Gray, below which ERR = 0, which is well above 500 mGy. 

There also are data from high background whole body dose areas where no increase in the cancer 
rate has been detected, even after a lifetime of elevated exposure rates, that is, these high back-
ground dose areas have an ERR < 0 even though long term cumulative exposure at some of these 
locations exceeded 500 mGy, as shown in TABLE A-3. 

TABLE A-3 Natural Background Doses and Dose Rates

Location, Effective Dose Rate*

*. Data from the USNRC, UNSCEAR 2006, NCRP 160 2009, nuclearsafety.gc.ca

x = Dose Rate, 

mSv/day 

y = Mean Cumulative 
Dose, 30 years, mGy

y = Mean Cumulative 
Dose, 80 years, mGy

USA Background, 3.1 mSv/Year 0.008     93      248

USA Background + Medical 

Procedures ~6.2 mSv/year

0.017  186      496

Yangjiang, China, 6.3 mSv/Year 0.017  189     504

Kerala Coast, India, 12.5 mSv/
Year

0.034  375  1,000

Guarapari, Brazil, 35 mSv/Year 0.096 1,050  2,800

Ramsar, Iran, 220 mSv/Year 0.603 6,600 17,600
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Sacks reminds us that “Background exposure rates even a hundred times greater would still pro-
duce DNA alterations several orders of magnitude lower than those due to normal metabolism.” 
Since absorbed dose rates in the USA are about 1.8 mSv/year, increases of several orders of mag-
nitude would exceed R&T’s mean 500 mGy figure, again indicating that the 500 mGy boundary is 
conservative.

Based on the Chernobyl weathering data effects shown in FIGURE A-6, the long term contribu-
tion to the cumulative dose three years after plume passage should be very small and likely will 
fall below dose repair rates. 

In summary, there are additional data that show ERRs = 0 at mean cumulative doses larger than 
500 mGy. Therefore the Safe Area mean cumulative dose boundary appears to be conservative.

4.5 The Dose Rate Margin

There is a large dose rate margin between the offsite dose rates that might occur during a nuclear 
accident and the dose rate boundary of the Safe Area, 115.9 mSv/day. Humans are capable of 
withstanding very high, but short lived, radiation dose rates.As stated in Section 2.8.1.1,“Roughly 
14,000 people who were within one kilometer of where the explosion took place, [the] exposure 
increased the likelihood of death by cancer by less than one percent.” According to an article in 
the Journal of Epidemiology on Atomic bomb survivors “Unsheilded weighted radiation dose 
was estimated to be about 7Gy and 10Gy at 1km from the hypocenters in Hiroshima and 
Nagasaki, respectively, but only 13mGy and 23mGy at 2.5 km.”(25) These very large doses were 
delivered over a very short time period indicating very high dose rates compared to those from 
nuclear accidents like Chernobyl and Fukushima, yet the likelihood of death by cancer from this 
high exposure is less than one percent. 

According to analyses by J. Ahn and others, (26) the Fukushima in-air dose rate decreased rapidly 
with distance from the site. Close to the Fukushima site the dose rate could temporarily be as high 
as 200 microSv/hour. This dose rate decreased to about 50 microSv/hour in the 5 to 10 kilometer 
range and about 3 microSv/hour about 12 to 13 kilometers from the site. These are approximate 
dose rates based on an exponential fitting curve, scaled to the March 15, 2011 date. Although 
there is considerable scatter in the data, as would be expected because of changing wind direc-
tions during the release period, the trend towards rapidly decreasing dose rates with distance is in 
agreement with other analyses. 

Offsite emergency protective actions like evacuation and sheltering lower both doses and dose 
rates. However, the above data from Ahn et al are important for emergency planning because they 
highlight the very local nature of nuclear accident consequences. Radioactive material may be 
carried great distances from the plant site, but protective actions like evacuation and/or sheltering 
should be limited to areas near the damaged nuclear plant. Only the protective action of prevent-
ing the ingestion of contaminated foodstuffs should consider distances 50 or more miles from the 
site, but this does not involve evacuation or sheltering of the public.

Nuclear accidents inherently have radiation dose rates that are far below the Safe Area dose rate 
boundary. To begin with, not all the radioactive material originally in the reactor core ends up in 

the surrounding atmosphere. TABLE A-1 provides release percentages for 131I and 137Cs for var-
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ious accidents. Even at Chernobyl some 40% of the iodine and about 70% of the cesium were not 
released into the atmosphere.

Another factor that affects the dose rate downwind from a nuclear accident is the long release 
times of nuclear accidents. These long release times affect dose rates in two ways. The longer the 
release times, the lower the average dose rate, even without any wind shift. The longer the release 
time, the greater the probability that there will be one or more wind shifts. Wind shifts lower 
downwind dose rates.

If the radioactive plume is very hot, as was the case for Chernobyl, the radioactive plume can 
become buoyant and this will lower the offsite peak dose rate. 

4.6 Design Margins

This new regulatory tool may also be used to develop a better understanding of the safety margins 
in a nuclear design. Plausible accident sequences might be rerun by making more challenging, 
although less likely, assumptions. Answering questions like “What would it take to accelerate a 
core meltdown so that the original x value of the maximum dose rate would move to the right, 
closer to the Safe Area’s x boundary?” and “What would it take to move the original y value 
upward, closer to the Safe Area’s y boundary?”. Such analyses would give the regulatory staff a 
better understanding of the safety margins in new nuclear plant designs. Further, if design changes 
are proposed, an updated x,y coordinate would be calculated to determine if the proposed modi-
fied design remains within the Safe Area. Similarly, an applicant for a license might want show 
that instead of using mean values of the input data, the upper end of the uncertainty band for each 
data point still results in an x,y coordinate that is within the Safe Area. This might accelerate the 
NRC review process.

4.7 Implementation 

FIGURE A-12 depicts this new regulatory tool. The Safe Area is the space bounded by the X 
direction from zero out to a maximum dose rate of 115.9 mSv/day and in the Y direction from 
zero up to a mean cumulative dose of 500 mGy. All points within the Safe Area have an ERR = 0. 
The NRC might use this new regulatory tool as part of its review of new reactor designs, such as 
SMRs. For each SMR design a set of plausible accidents can be analyzed using the MELCOR 
program or a successor computer program. It is unlikely that the effective dose rate at any location 
beyond the site boundary will exceed 115.9 mSv/day if an effective emergency plan is imple-
mented. The cumulative dose is unlikely to exceed 500 mGy. The results of actual nuclear acci-
dents and two studies are listed in TABLE A-1. All entries in TABLE A-1 have ERRs = 0 and all 
would be within the boundaries of the Safe Area. With regard to the TMI, Fermi, Davis Besse, 
and Browns Ferry accidents, none of these accidents led to significant releases of radioactive 
material into the atmosphere. Each of these accidents has an x,y coordinate of 0,0 and would 
therefore be off scale in a log-log presentation. Nonetheless, they are within the Safe Area 
because their ERRs =0.

With regard to the two studies listed in TABLE A-1, the SOARCA study and the Indian Point Ter-
rorist Study, they would also be located within the Safe Area. In the SOARCA case, the iodine 
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and cesium release fractions were calculated to be less than one percent. With such small release 
fractions neither high dose rates nor high doses could occur, which results in an ERR =0. 

The Indian Point terrorist study examined two accident scenarios, the loss-of-coolant scenario 
(LOC) and the station blackout (SBO) scenario. Both accident scenarios involved a very slow 
massive evacuation of over 366,000 people. In the SBO scenario, it took a bit more time to go 
from the initiation of a melt down sequence to the release of radioactive material into the atmo-
sphere than in the LOC scenario. This somewhat slower accident progression of the SBO 
sequence provided sufficient time for the last of the evacuees to get beyond one mile from the 
point of release, the outer range of the early fatality risk. In the SBO scenario there were no calcu-
lated early fatalities.Even though the LOC scenario had smaller release fractions than the SBO 
scenario, its released radioactive material entered the atmosphere more quickly than in the SBO 
scenario and before all evacuees were beyond the one mile range.This led to a small number of 
calculated early fatalities in two traffic scenarios where the number of people assumed to be evac-
uating was at a maximum, over 366,000 people. In such a mass evacuation using vehicles and the 
actual road network at Indian Point, evacuation speeds occasionally dropped below one mile per 
hour, i.e., slower than normal walking speeds. All other Indian Point evacuation scenarios, had 
evacuation speeds that were somewhat faster, and no early fatalities were calculated for the LOC. 

Such large numbers of evacuees at other nuclear sites in the USA are not possible because the 
Indian Point site was the most densely populated site in the country. The small number of early 
fatalities, 4 to 5 out of an evacuation population of over 366,000 people, also required an infre-
quent meteorological condition that produced a highly concentrated plume and also required that 
the terrorists were able to first breach the massive containment structure, then overcome the secu-
rity force and then initiate a core melt sequence, all within 30 minutes of breaching the contain-
ment. Any action that would increase the time to initiate a LOC sequence would give more time 
for the last of the evacuees to move beyond one mile from the point of release and fewer, likely 
zero, early fatalities would be calculated even for the LOC sequence. For all practical purposes 
the number of early fatalities at the Indian Point site from a successful terrorist attack would be 
zero. Therefore both the SOARCA and Indian Point terrorist studies have ERRs = 0. 

4.8 Fukushima and Chernobyl

4.8.1 Introduction

With regard to the Fukushima and Chernobyl accidents, no confirmed offsite early radiation fatal-
ities and no radiation-related latent cancers at either location have been detected, except for the 
preventable thyroid cases. Therefore, both accidents have ERRs equal to zero and a plot of the 
Fukushima and Chernobyl x,y coordinates would fall within the Safe Area. 

A simplified approach was taken to estimate the x,y coordinates for both Fukushima and Cherno-
byl to determine if they fell within the boundaries of the Safe Area, as shown in FIGURE A-13.
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4.8.2 Fukushima

The data in TABLE A-4 were derived from Table A-15 of reference 30. The average dose rate at 
Fukushima was estimated by dividing the one-year infant annual exposure of 0.12-5.3 mSv by 
365 yielding a daily average of 0.0003 mSv-0.0145 mSv. Since the maximum dose rate would be 
higher than this average rate, the x value in FIGURE A-13 was assumed to be five times larger 
than 0.0145 mSv/day or 0.0725 mSv/day. The cumulative dose was taken as 19 mGy based on the 
assumption of 80 years of exposure, starting as a one year old infant. With these data and assump-
tions, x~0.0725 mSv/day and y~19mGy. Both x and y are far from any Safe Area boundary, indi-
cating an ERR=0 for Fukushima, which is consistent with the measured radiation effects. 

Such low estimated x and y coordinates for Fukushima are reasonable: (1) Not all the iodine or 
cesium in the reactor cores at Fukushima were released into the surrounding atmosphere. As listed 
in TABLE A-1, the percent of the iodine and percent cesium originally in the reactor cores that 
were released to the atmosphere were 2.8% and 1.3%, respectively, (2) Fukushima is a coastal site 
and subject to diurnal wind patterns. Because of this, a fraction of the released iodine and cesium 
was swept out to sea. At other times wind shifts caused the radioactive plumes to move in differ-
ent directions, thereby lowering the on-land average concentrations of iodine and cesium com-
pared to a monodirectional plume. (See Appendix C) Wind shifts can lower peak dose rates and 
cumulative doses, and (3) emergency personnel evacuated people in the area within two miles of 
the damaged plants prior to the entry of radioactive material into the atmosphere. This pre-emp-
tive evacuation was sufficient to prevent early radiation fatalities.

TABLE A-4 Fukushima Prefecture Effective Dose for Non-Evacuees, mSv 

4.8.3 Chernobyl

Analyses performed by the Nuclear Energy Agency for evacuees in the 30 kilometer zone list 
average external effective doses in the 17 mSv to 20 mGy range.(27). TABLE A-5 uses the NEA 
figure of 20 mGy.

With regard to the maximum offsite dose rate at Chernobyl, the Fukushima maximum dose rate 

estimate of ~0.0145 mSv/d was multiplied by the ratio of the release of 131I for Chernobyl divided 

by the 131I release for Fukushima. For Chernobyl ~1760 PBq of 131I was released and for Fukush-
ima ~120 PBq was released, producing a ratio of 1760/120 = 14.7. The resultant estimate for the 
maximum offsite dose rate at Chernobyl is, approximately, (0.0145)(14.7) = 0.213 mSv/day. 

One Year of Exposure Ten Years of Exposure Lifetime Exposure or Mean 
Cumulative Dose, 80 years

Adult 0.079-3.8 0.16-11 0.22-15

Child, 10 year old 0.10-4.5 0.19-12 0.24-17

Infant, 1 year old 0.12-5.3 0.22-14 0.27-19
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TABLE A-5 Approximate Coordinates for Fukushima and Chernobyl

The x and y values in TABLE A-5 are only approximate. They do not account for wind shifts, 
variable radioactive release rates, or the different times that evacuations were initiated in different 
areas. At Fukushima there were several radiation spikes. For example, on March 15, 2011 the 
radiation monitor at the main gate at Fukushima read 2,208 microseiverts/hour at 08:50 and the 
wind was from the north. This climbed to 11,930 microseiverts/hour at 09:00 and the wind was 
from the north-northeast. Just 5 minutes later, at 09:35, the radiation monitor reading decreased to 
7,241 microseiverts/hour.

Therefore there are wide uncertainty bands around the numbers in TABLE.A-5. However, these 
approximate x,y coordinates fall within the Safe Area and show considerable margins to the Safe 
Area boundaries, which is consistent with the observed radiological health effects of no early or 
latent fatalities. If more refined x or y data become available, TABLE A-5 and FIGURE A-13 
should be updated.

4.9 Conclusion

This new regulatory tool shows that it is very unlikely that any severe nuclear accident will result 
in radiation-related early or latent fatalities statistically different from control groups, i.e., ERR=0 
is the most likely outcome. This conclusion is consistent with meeting the requirement for ade-
quate protection of the public as called for by the Atomic Energy Act of 1954, as amended.

Location x, Maximum Daily 
Dose Rate, mSv/d

y, Mean Cumulative 
Dose, mGy

Fukushima 0.0725 0.22-19
Chernobyl 0.213 20
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FIGURE A-13 Preliminary Implementation
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5.0 Modernizing Emergency Planning 

5.1 Purpose

The purpose of this section is to present a modern way to develop an offsite Emergency Plan. A 
number of outdated emergency planning process are identified in Appendix E and alternatives to 
them are recommended. 

5.2 Develop a Risk Map

Emergency planning at the NRC is due for a major overhaul. Many aspects of the NRC’s present 
approach to emergency planning are outdated and some could be harmful. One major conclusion 
is that mass evacuations and mass relocations must be avoided. Instead, a mix of optimized local 
evacuations/relocations and/or sheltering should be used. 

How to achieve an optimized mix of protective actions begins with developing a Risk Map. One 
purpose of the Risk Map is to identify which members of the public might be at risk and which 
members are not and can continue in a normal activities mode.One way to describe normal activi-
ties is that people continue on with their lives as if they were unaware that a nuclear accident was 
happening, spending part of their time out-of-doors and the rest of their time indoors. By dividing 
the offsite public into those potentially at risk and those that can continue in a normal activities 
mode meets the goal of the Environmental Protection Agency: “The decision to advise members 
of the public to take actions to protect themselves from radiation from a nuclear accident 
involves a complex judgement in which the risk avoided by the protective action must be 
weighed in the context of the risks involved in taking the action.” (28) A second benefit of hav-
ing a Risk Map is that it provides emergency planners with a comprehensive set of data that 
serves as the basis for developing an optimized mix of public protective actions which can guide 
them during an actual release of radioactive material from a damaged nuclear plant.

5.2.1 Where Are the People Located?

The first step in creating a Risk Map is to identify where members of the public are located and 
what shielding protection they have. Using the most recent census data, a map like FIGURE A-17 
of population centroids within four miles of the plant site would be assembled. For the Risk Map 
to be used to create a modern emergency plan, new data at each population centroid would be 
added. These new data are the representative shielding factors for the structures at each location 
of a population centroid.

5.2.2 What Shielding Protection is Available?

Different buildings provide different levels of shielding. Shielding factors (SF) for buildings have 
been investigated by the Environmental Protection Agency.(29) A shielding factor of 10 means 
that the indoor dose rate would be reduced by a factor of 10 compared to the out-of-doors dose 
rate at the same location. 

As examples, for a wood frame house the shielding factor at ground level is about 2.5, while 
below ground in a basement a shielding factor closer to 10.0 may be achieved. If a population 
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centroid was predominantly made up of houses with a brick veneer, the above ground shielding 
factor for that population centroid would be 3. If a population centroid was predominately com-
posed of brick/concrete buildings, its above ground shielding factor would be 7. Large apartment 
and office buildings can have below ground shielding factors in the 100 to 200 range. Such struc-
tures not only offer very high radiation protection for the people that normally occupy such build-
ings, they can serve as locations where people who have been evacuated can reassemble in a safe 
location.

Two other pieces of information would be added to this Risk Map. Locations with no shielding, 
like at parks, beaches, hiking trails and where homeless people congregate should be added to this 
risk map. Additionally, locations from which people cannot easily be evacuated, like hospitals and 
prisons, all within four miles from the plant site, should be added to the Risk Map.

5.2.3 Select a Source Term

Each reactor design reviewed by the NRC would have a spectrum of plausible accident 
sequences. For emergency planning purposes the most important accident sequence for a specific 

nuclear design is the one with the largest 131Iodine release into the atmosphere. For emergency 
planning purposes it also is important to estimate the number of hours after accident initiation 
when radioactive material is calculated to first enter the atmosphere. Equally important is the esti-
mated duration of the radioactive release period.

5.2.4 Calculate The Unshielded Total Dose Versus Distance

Next, calculate the offsite unshielded ground level total dose versus distance using MELCOR, or 

an equivalent computer program, for the scenario with the largest 131I release fraction for a spe-
cific nuclear design. Here the offsite total dose, at a particular distance from the site, is the sum of 
the hourly dose rate at that distance multiplied by the number of hours at each dose rate. 

First, using recorded hourly site specific meteorological data for one or more years, compile the 
start date and the number of hours the wind blows from the site for each of the 16 wind sectors. 

Second, using the results from the MELCOR analyses for the scenario with the highest 131I 
release, the duration, in hours, of the estimated plume release period is determined. Third, starting 
with the first day of January, determine the future date and hour that would include a time period 
equal to the MELCOR release period. Then, count the number of hours that the wind was 
recorded to have blown in the direction of the compass wind sector for January first. Next, repeat 
this process starting with January second until all 365 days of the year are accounted for. Finally, 
select the starting date that had the maximum number of hours that the wind would have been 
been blowing from the site in the direction of the selected compass sector. Repeat this process for 
all 16 wind sectors.

The above sequence of steps accounts for the influence of wind shifts, including situations where 
the wind shifts out of a wind compass sector and shifts back into the same wind compass sector, 
all within the plume release time period. 
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5.3 The Total Risk Map

The total information presented in the Risk Map is the locations of population centroids, a repre-
sentative shielding protection available to people at their population centroids, the total 
unshielded doses versus distance for each wind compass sector for an accident with the highest 

release fraction of 131I, including the effect of wind shifts estimated by using recorded meteoro-
logical data. The Risk Map should be updated after every census (every ten years). 

The next step is to establish a Prescribed Dose Level.

5.4 The Prescribed Dose Level

It is very unlikely that any plausible nuclear accident can reach dose or dose rate levels sufficient 
to cause an early or latent fatality. Nonetheless, it is valuable to limit the public’s exposure to radi-
ation during a nuclear accident. Such a selected radiation exposure limit would have the goal of 
minimizing the sum of the risks from exposure to radiation from the nuclear accident and the risks 
from non-radiological causes, like over-evacuation and over-relocation. The higher the prescribed 
dose level, the fewer the people required to evacuate or relocate, but the greater the accumulated 
dose.

It is recommended that the whole body Prescribed Dose Level equal 500 mSv. This recommenda-
tion is consistent with the mean cumulative dose displayed in FIGURE A-12. As already dis-
cussed, this mean cumulative dose appears to be conservative in that doses at this level are not 
expected to lead to any early or latent cancer fatalities.

Lower Prescribed Dose Levels may be considered. However, a Prescribed Dose Level less than 
100 mSv should not be considered because the health effects of a dose less than 100 mSv are 
undetectable.

A general emergency planning equation using this Prescribed Dose Level is expressed as:

The cumulative radiation dose while sheltering + the cumulative radiation dose while out-
of-doors should be < 500 mSv. 

5.5 Fitting Protective Actions to the Risk Map

5.5.1 Normal Activities

The goal of emergency planning should be to return people to a normal activities status as soon as 
practical, while limiting their exposure to ionizing radiation Identifying where normal activities is 
an acceptable response to a nuclear accident is important step because it serves as a science based 
replacement of the ten mile EPZ. 

The next step is to estimate what fraction of the time people spend out-of-doors and what fraction 
of the time people are indoors. These fractions have been investigated by Ishikawa and others. 
Following the Fukushima accident government figures assumed 18 hours per day indoors and 8 
hours out-of-doors.Based on research by Ishikawa, the time out-of-doors, on average, may be as 
short as 2 hours per day. As a matter of usual practice, the split between indoors and out-of-doors 
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is taken to be 0.6 and 0.4, respectively.(30, Figure 2). Plugging these fractions into the General 
Equation we get: 

(The cumulative radiation dose while sheltering) (0.6) + (The cumulative radiation dose 
while out-of-doors)(0.4) should be < 500 mSv. 

But the radiation dose while sheltering equals the outdoors dose divided by the shielding factor 
(SF) for the structure where people are sheltering

(The cumulative radiation dose out-of-doors dose)[(.6)/SF] + (The cumulative radiation out-
of-doors dose)[(0.4)/1.0] < 500 mSv. 

If a structure had a shielding factor 10, then the specific equation while in a normal activities 
mode becomes: 

[cumulative radiation out-of-doors dose][0.6/10] + [cumulative radiation out-of-doors dose][0.40] 
should be < 500 mSv, or [cumulative radiation out-of-doors dose][0.06 =0.40] =500 mSv 
where500 mSv/[0.46] =1,078 mSv. A structure with a shielding factor of 10 at the location where 
the calculated cumulative radiation dose is 1,087 mSv or less, would permit a normal activities 
mode of emergency response. 

If a structure only had a shielding factor of 2.5, the cumulative out-of doors dose would have to be 
less than or equal to 781 mSv. As described before, the cumulative out-of doors dose would be 
computed using the MRELCOR dose rate versus distance analyses combined with the number of 
hours of radiation exposure as determined by the site’s meteorological data.

The result of the above analysis would be a map of locations around the site where a normal acti-
vated response would be acceptable. If practical, it would be useful to draw a contour line con-
necting those locations closest to the site that meet the Prescribed Dose Limit when using a 
normal activities response that have shielding factors of 10 or more. Because the dose rate 
decreases with distance from the site, other locations further from the site than this innermost nor-
mal activities contour line should be able to use a normal activities response. If desirable, a sec-
ond normal activities contour line could be drawn further out than the innermost contour line.This 
second contour line would connect structures with a lower shielding factor, like 2.5, but would 
meet the Prescribed Dose Limit but at a greater distance from the site. 

A third contour line on the Risk Map would be locations that meet the Prescribed Dose Limit, but 
with zero shielding. This contour line with zero shielding would be the further from the site com-
pared to other contour lines. Any person at or beyond this outmost contour line would meet the 
Prescribed Dose Limit regardless of what protective action is taken, even without taking any spe-
cial protective action.This third contour line could be useful to anyone that evacuates. Anyone 
that remains at or beyond this contour line during plume passage need not take further protective 
actions.

A zero shielding contour line could be useful in locating offshore nuclear plants be they on an off-
shore island, a floating barge nuclear facility, or a nuclear powered ship designed to provide elec-
tricity to the mainland.
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5.5.2 An All-Sheltering Response

In an all-sheltering response people remain indoors, preferably wearing their face masks, during 
the time of plume passage. The general equation for this situation is:

 (The cumulative indoor radiation dose while sheltering)(1.0) should be < 500 mSv. 

Since the exposure to ionizing radiation when using an all sheltering response equals the out-of-
doors dose rate/ SF, the All-Sheltering equation becomes:

The Out-of-Doors dose rate/SF should be < 500 mSv.

For a structure with an SF = 10, and with the out-of-doors cumulative dose < 5,000 mSv, a very 
high figure, the Prescribed Dose Level would be met.

For a structure with an SF = 2.5, and with the out-of-doors cumulative dose < 1250 mSv, the Pre-
scribed Dose Level would be met.

Based on the above analysis, sheltering for many buildings would be sufficient to meet the Pre-
scribed Dose Level. However, there are situations that may limit the use of sheltering. It is recog-
nized that the release of radioactive material from a nuclear accident can take place over many 
days, even over a week. Because of wind shifts it is unlikely that anyone would have to remain 
sheltered for the full length of the plume release period. However, some people might be unwill-
ing to remain in a sheltering mode response long enough.

Emergency planners might deal with this situation by using the Risk Map. First, the Risk Map 
identifies, for each of the 16 compass sectors, the maximum number of hours and locations of 
people would have to remain sheltered during the plume release period in order to meet the Pre-
scribed Dose Level. This information would help focus emergency workers on those areas where 
people with the longest sheltering duration requirement might wish to leave their sheltered situa-
tion. For those that wish to leave their sheltered position they have the option of relocating to 
areas beyond the contour line where the Prescribed Dose level is met with no shielding. There 
also is the option to relocate to structures closer to the site where a normal activities response is 
acceptable. Since such potential relocations would not take place immediately, emergency person-
nel could inform people of their options using the Risk Map, perhaps modified by using data from 
offsite dosimeters.

The Risk Map can also give emergency planners an estimate of the maximum number of people 
that might want to be relocated to shelters where normal activities would be acceptable. This esti-
mated figure can be compared to the number of people that can be accommodated by these nor-
mal activities shelters.

5.5.3 Evacuation

During the time period between the start of a core melt sequence and the release of radioactive 
material into the atmosphere, all people who have no shielding (people in outdoor recreation 
areas, homeless people, etc.) who could be exposed to 500 mSv of whole body radiation should be 
evacuated to a safe location. A safe location includes buildings with high shielding factors where 
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a normal activities response is acceptable. A safe location also includes locations far enough away 
from the site that the Prescribed Dose Level would be met without any shielding protection. The 
locations where these options are implementable would be shown on the Risk Map.

A second group of people that are candidates for an evacuation response are those that live in 
structures whose shielding is insufficient to meet the Prescribed Dose Level. People living in 
trailer parks might be an example of this. Emergency personnel should assist this group once the 
people with no shielding have been attended to. As described above, such evacuees would be 
evacuated to a safe location. The locations where structures might not provide sufficient shielding 
would be identified on the Risk Map.

Evacuation may not be possible during times when the evacuation routes are blocked, such as dur-
ing seismic activity, deep snowstorms, other major natural events and during a terrorist attack. 
Under such conditions where evacuation is not optimum, people should take shelter. Evacuations 
from specific locations like hospitals and prisons may not be possible. In such circumstances the 
emergency response plan might be the same as the ones that would be used during fires in such 
structures. The Risk Map would identify where these structures are located.

Evacuation need not be dependent on vehicular transportation. On-foot evacuation of the inner-
most one mile to a point of shelter is an acceptable ad hoc response. One of the lessons learned 
from the Indian Point Terrorist Study was that, for high population sites, evacuation by car can be 
very slow, sometimes slower than normal walking speeds.Some people may choose to just walk 
to the nearest public shelter.

Nuclear power plants, especially small high temperature modular reactors that produce electricity, 
process heat, and possibly hydrogen, may be co-located on industrial sites which have facilities 
with the potential for serious accidents. Accidents that originate at the industrial facility are likely 
to evolve more quickly than nuclear accidents.Therefore the site emergency plan should be based 
on the plan to protect personnel at the industrial facility and this may include evacuation. In order 
to prevent confusion by having one evacuation plan for the industrial personnel and a separate 
plan for accidents that originate from the nuclear facility, a single plan based on responding to 
industrial accidents should be the same plan used by the nuclear facility. Thus the nuclear emer-
gency plan is the plan developed for the industrial facility and that might include evacuation.

5.5.4 Time Delays

There is a time delay between the initiation of an accident sequence and the start of a release of 
radioactive material into the atmosphere. For those people who would be inadequately sheltered, 
the evacuation process should be completed prior to the start of radioactive material entering the 
atmosphere.

Those people who will not be using an evacuation response, such as those choosing to shelter or 
use a normal activities response, this time delay could be used to collect their school children 
from their nearby schools, to have parents who are working, possibly in different locations, to 
reunite at their residences, if the time delay is long enough.
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When the emergency team informs the public that an accident sequence has been initiated their 
messages should include how much time the public might have before being required to return to 
their residences and take shelter.

5.5.5 Relocation From “Hot Spots”

Prior to any relocation steps should be taken to reduce hot spot dose rates. Hosing down areas that 
have high local dose rates would also reduce long term radiation exposures. It has been reported 
that decontamination reduced the external dose rate by 10% to 20% at Chernobyl.(31) Addition-
ally, replacing the 20 mSv/year relocation criterion with a cumulative dose of 500 mSv within the 
first year after a nuclear accident would reduce the area that would need to be decontaminated and 
the cost of decontamination. Doses after the first year should have negligible potential health 
effects in almost all locations.

5.5.6 Accidents That Lie Outside the NRC’s Spectrum of Accidents

As discussed in Section 7.2 on “Defense-in-Depth”, there is always the possibility of an accident 
occurring that falls outside the NRC’s spectrum of examined accidents either because it was 
determined to be so infrequent it was judged to be an insignificant risk or because it was an uni-
dentifed accident. Not all unidentified accidents present possible large radiological consequences. 
Those rare unidentified accidents that might lead to substantial offsite radiation exposures appear 
to be limited to scenarios when the accident evolves quickly going from initiation to a release of 

radioactive material into the atmosphere, that the release of radioactive 131I is substantial, and is a 
ground level release. Emergency planners should advise the public under such extremely unlikely 
conditions to promptly take shelter or promptly evacuate the innermost one mile from the site 
boundary and proceed to the nearest identified shelter. In either case, the public should not remain 
out-of-doors if within one mile of a nuclear plant that is experiencing such a rare event until 
advised by authorities that it was safe to be out-of-doors.

5.5.7 The Emergency Team

Prior to any accident the emergency team would have a great deal of information about who is at 
risk and which emergency response is best for each group. While the Risk Map supports a modern 
emergency plan, it is based on many assumptions and on computer codes like MELCOR which 
may be limited in its ability to accurately calculate dose rates very close to the point of release. 
Therefore, it may be necessary for the emergency response team to modify the plan in an ongoing 
manner based on actual measured dose rate data. In no case should such real time adjustments 
lead to a massive evacuation or relocation.

5.6 Perspective

The above description of a modern approach to emergency planning would accomplish two objec-
tives. First, a ranking system would be established where the people most at risk during a nuclear 
accident would be identified (nearby people with no or inadequate shielding). An emergency plan 
tailored to this special group, such as evacuation to a nearby buildings with high shielding factors, 
would be utilized. The secondmost group at risk is those people that qualify for a normal activities 
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response which includes both indoors and out-of-doors activities. The third group at risk are those 
people who reside in hot spots. Protective actions in these locations can wait until the plume pas-
sage stage has been completed and surface decontamination has been completed. Only those that 
have a potential exposure of 500 mSv or more during the first year after an accident should be 
candidates for relocation. The group of people far enough away from the site that would receive 
500 mSv or less during the following year, even if unshielded, should not be subjected to any pro-
tective action.

This is an example of risk-informed (consequence-informed), performance-based regulation 
where different groups of people are ranked according to their risk level and where the perfor-
mance-based portion of the regulatory framework is the group-specific emergency response 
plans. Second, by identifying those at risk, those not at risk are simultaneously identified. Actions 
like evacuation or sheltering are not required for those not at risk, thereby reducing the chances of 
non-radiological harm, such as from over-evacuation. This sophisticated approach to emergency 
planning is responsive to the NEIMA requirement to “increase the use of risk-informed, perfor-
mance-based licensing evaluation and techniques and guidance...”.

The level of detail in implementing a modern approach to emergency planning is significant. 
However, it is anticipated that after a number of different sites with different reactor types on 
them have been investigated it should be possible to simplify this process with some general 
rules.It is anticipated that the distance from a reactor site to locations where a normal activities 
response is acceptable will be short. In some cases, like low power level SMRs, the site boundary 
might be sufficient. It is possible that these natural activities contour line might be approximated 
by a fixed radius circle, as we have in emergency planning today, but based on a more technically 
supportive basis.

The NRC should consider analyzing a number of different sites with different reactor types on 
them to see if the detailed modern emergency planning Risk Map process could be condensed to a 
simple, but scientifically supportable, guideline.

This report supports the continued use of the 50 mile Ingestion Exposure Pathway EPZ. 
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6.0 Modernizing Site Selection

Site selection should be straightforward. Any site where a proposed nuclear plant meets the 
NRC’s design criteria for internal and external challenges, environmental criteria, and where a 
modern emergency plan using the methodology described in this report, should be an acceptable 
site. 

Unlike the straightforward process for site selection described above, the NRC has struggled to 
develop a site selection plan for SMRs and a number of inappropriate methodologies have been 
put forward. Progress is being made to develop a Generic Environmental Impact Statement, but 
more needs to be done. For example, SECY-20-0045 proposed formulations in its Option 2 that 
are deterministic in nature, in contrast to NEIMA guidance which calls for risk-informed 
approaches.(32) Option 1 of this SECY is based on Reg. Guide 4.7 and is even worse than Option 
2. This option would exclude sites with a population density in excess of 500 people per square 
mile out to 20 miles. Such an approach would eliminate the siting of SMRs on a number of LWR 
sites where nuclear plants at higher power levels than SMRs have operated safely for years. It 
raises questions like “Why not 300 or 700 people per square mile and why not 30 or 50 miles 
instead of 20?”.

The largest defect in the above SECY’s deterministic approach to site selection is that it is not 
based on science and has the potential to frighten people for no good reason. The early fatality 
risk has a range from zero to one mile. The 20 mile radius is far beyond any early fatality health 
hazard. As for latent fatalities, the NRC itself limits it latent safety goal analyses out to ten miles, 
not 20. Further, as discussed in this report, doses at 20 miles would be very low and would be off-
set by human repair mechanisms. On the other hand, telling people residing within 20 miles of a 
nuclear plant puts them into some kind of enhanced danger can generate unfounded fears.

Some have argued that the 20 mile figure adds Defense-in-Depth, but have not provided any anal-
ysis to support this. The NRC is in possession of many analyses that display dose rate versus dis-
tance. The staff could readily compare dose rates at 20 miles for an assumed accident versus dose 
rates at shorter distances to get a quantitative evaluation of the claim of improved “Defense-in-
Depth”, assuming the same emergency response at each location. It seems likely that this 
Defense-in-Depth benefit would be far smaller than the detriment of generating fear in a larger 
group of people or encouraging unnecessary voluntary evacuations.

NEIMA requires greater use of risk-informed practices at the NRC. Yet, discussions about the sit-
ing of SMRs, such as those in SECY 20-0045, present analyses that are primitive compared to the 
Indian Point terrorist analysis described in Appendix D and are deterministic. For example, one 
can envision two identical population areas, 25,000 people each, and located exactly the same dis-
tance from a nuclear power plant. Now assume that one of these population centers as located 
north of the nuclear plant and the other south of the nuclear plant. The various options in SECY 
20-0045 would consider each population center as having the same radiological risk level. How-
ever, what happens if the wind blows towards the south-located population center 90% of the time 
and towards the north-located population center 10% of the time? All else being equal, the popu-
lation center to the south would have a risk level nine times higher than the population center to 
the north.Further, suppose the northern population center of 25,000 people is mostly composed of 
multi-storey structures with outstanding shielding factors while the buildings in the southern pop-
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ulation center are mostly trailer parks with very limited shielding. Would the options in SECY-20-
0045 recognize this basic difference? The more accurate IP terrorist methodology would recog-
nize the marked risk differences between these two 25,000 person cities. Based on these exam-
ples, how does the NRC demonstrate that its site selection process is Risk-Informed, or in this 
case, Consequence-Informed?

SECY 20-0045 and Reg. Guide 4.7 should be rescinded because they can promote the fear of 
nuclear energy. SECY 20-0045 and Reg. Guide 4.7 are not risk-informed and other risk-informed 
technologies are available today that can replace them.

A simplified version of the detailed emergency planning process described in Section 5 might be 
possible after a number of detailed emergency planning analyses have been completed. If this 
occurs, then the simple deterministic siting criteria in SECY-20-0045 might be replaced by a sim-
ple, but risk-informed, performance-based, guideline.
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7.0 Modernizing Additional Regulatory Practices

7.1 Introduction

Several major changes have to be made at the NRC in order to modernize it. First, the Commis-
sion has to recognize that the Atomic Energy Act’s requirement to demonstrate adequate protec-
tion of the public has been met, acknowledge that nuclear energy is very benign, and actively 
engage with the public by explaining why nuclear energy is so benign. Second, it should replace 
the LNT model with a new regulatory tool using a “Safe Area” approach. Third, additional spe-
cific regulatory areas need to be modernized. This section reviews of many of the present specific 
regulatory practices that need to be modernized.

7.2 Modernizing the NRC’s Approach to Defense-in-Depth

Having reached the conclusion that present NRC practice has resulted in adequate protection of 
the public, that another layer of public protection would result from using the new Safe Area reg-
ulatory tool, and that a modern emergency planning process, described in this report, offers fur-
ther safety advantages, are there additional ways to enhance Defense-in-Depth? 

We already know that an even more detailed analysis of the spectrum of accidents the NRC ana-
lyzes is unlikely to identify significant increases in offsite radiological health effects. One cannot 
easily cause a core melt sequence already in the NRC’s spectrum of plausible accidents to proceed 
more quickly or prevent natural forces from reducing source terms. Therefore, any residual radio-
logical risk likely resides in scenarios that are beyond the NRC’s present set of plausible acci-
dents. Such accidents are “unknown unknowns”. How can we make further progress on these 
“unknown unknowns”?

Even though the residual risk from nuclear energy is likely to reside in these “unknown 
unknowns”, we can narrow this set of unidentified accidents by focussing on the characteristics of 
such accidents. We already know that, if the containment building maintains its leakage integrity 
or loses its leakage integrity through gradual overpressurization, releases of radioactive material 
to the atmosphere would be at or near zero. Therefore, in order to enhance Defense-in-Depth, we 
should concentrate on a subset of accident scenarios that might cause a rapid loss of containment 
integrity. By truncating out scenarios that do not cause a rapid loss of containment integrity, regu-
latory resources would be used more effectively.

We can further reduce the above subset of unidentified, potentially serious, accidents. We can 
eliminate those prompt release scenarios whose source terms are too small to cause an early or 
latent fatality. Additionally, scenarios which have well heated and buoyant plumes and/or happen 
when there are considerable ongoing wind shifts during the plume release period may be candi-
dates for exclusion from further analyses.

After screening out those unidentifed residual accidents that are not likely to lead to a prompt loss 

of containment integrity, and those that have a limited initial inventory of 131Iodine or 137 cesium, 
and those that are likely to be widely dispersed either through having hot plumes or face frequent 
wind shifts, we come to an interesting conclusion: The remaining unidentified accident scenarios 
that might lead to a rapid loss of containment integrity, a large source term and a ground level 
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release are very different from the accident sequences in the present spectrum of accidents that the 
NRC now reviews. Advancing Defense-in-Depth in a modern NRC would mean that resources 
are focussed on looking for a special subset of sequences that have specific characteristics as 
described above.

Two hypothetical examples are provided:

PWRs: At times there is no steam bubble in the pressurizer and the primary system is “Solid”, i.e., 
completely filled with water, which is incompressible. If an additional mass of water is pumped in 
this “solid” system the primary system pressure will rapidly spike. This has happened and pres-
sure spikes have also happened when heat was inadvertently added to the primary system water 
when in a solid configuration. Could these pressure spikes result in a rapid loss of containment 
integrity if such spikes caused multiple steam generator tube ruptures?

BWRs with MARK-1 containment buildings: Assume a small steam break in the drywell leads to 
a venting condition where the original non-condensable gas (mostly nitrogen) is replaced by 
steam. If the containment spray system in the drywell is then activated, the pressure in the drywell 
and in the space above the suppression pool, could decrease very rapidly. Mark-1 containments 
are capable of withstanding high drywell and wetwell positive pressures. However, their ability to 
maintain containment integrity under subatmospheric conditions (negative pressures) has been 
reported to be quite limited, in the range of minus 2 pounds per square inch. Could the contain-
ment be crumpled by decreasing to subatmospheric pressures? Are there drywell vacuum break-
ers designed to allow outside air to flow back into the containment rapidly enough to prevent 
containment crushing subatmospheric conditions? 

Both of these hypothetical rapid containment failure scenarios are readily preventable through 
operator training and/or software that prevents these conditions from happening. Even if these 
rapid containment failures occurred in conjunction with a core melt, it is unlikely that they would 
cause offsite fatalities. Nonetheless, such scenarios should be avoided. 

The NRC should establish a special group of experts to review past plant operating incidents to 
see if they offer clues on potential rapid containment failure scenarios and other accidents outside 
of the usual spectrum of accidents the NRC usually examines. This expert group should also look 
for deterministic requirements that have little to no risk reducing benefits and especially those that 
may damage safety equipment during periodic testing. An example of this is the potential damag-
ing of motor operating valves subject to large differential pressures that simulate the effects of an 
instantaneous break of the largest primary system piping.

7.3 Modernizing the Backfit Rule

7.3.1 Purpose of the Backfit Rule

The NRC developed the Backfit Rule as a way to implement a cost-benefit approach to nuclear 
regulation. The NRC recognized that requiring ever more safety features is subject to the “Law of 
Diminishing Returns” and that the public is harmed when the next increment of radiological risk 
reduction has costs that exceed the benefit of minimizing the public’s cost for electricity and/or 
process heat.
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7.3.1.1 Eliminating the Use of Collective Doses 

According to NUREG-1530, Rev.1 “The NRC uses various tools to determine whether such a 
safety improvement is justified, including a cost-benefit analysis.To compare the incremental costs 
and benefits, all attributes in the cost-benefit analysis must be expressed in common units, typi-
cally dollars. Therefore person-rems of averted exposure, a measure of safety value, is converted 
to dollars by monetizing the health benefit of radiation exposure. The NRC monetizes the cancer 
mortality risk of radiation exposure as dollars per person-rem of collective dose.” (emphasis 
added).(33) 

There is a problem with the NRC’s approach to its cost-benefit analyses because of its use of a 
collective dose process. According to the International Commission on Radiation Protection 
(ICRP) “...the assumptions implicit in the calculation of the collective effective dose (e.g., when 
applying the LNT model) conceal large biological and statistical uncertainties. Specifically, the 
computation of cancer deaths based on collective effective doses involving trivial exposures to 
large populations is not reasonable and should be avoided. Such computations based on collec-
tive effective dose were never intended, are biologically and statistically very uncertain, presup-
pose a number of caveats and tend not to be repeated when estimates are quoted out of context, 
and are an incorrect use of this protection quantity.”(34) 

7.3.2 Conclusion

The NRC should review its use of a Collective Dose in the Backfit Rule. No accident radiation 
exposures less than 100 mSv should be included in a Backfit Rule analysis. 

As a practical matter, the use of the Backfit Rule now happens infrequently. With today’s low 
accident release frequencies and smaller calculated source terms, radiation exposure may be too 
small to require specific design modifications at a nuclear plant.The primary use of the Backfit 
Rule may be for generic issues, rather than specific design changes at a nuclear power plant.

7.4 Modernizing ALARA

7.4.1 ALARA and the Backfit Rule

The Backfit Rule monetizes radiation exposures. The use of ALARA also monetizes radiation 
exposures and the two regulatory processes should be consistent. This report emphasizes that a 
modern NRC Backfit Rule should not utilize collective doses to be in accordance with the recom-
mendations of radiation protection professional societies. Therefore, the use of ALARA should 
not involve calculations based on collective doses. 

The Backfit Rule should not monetize radiation exposures less than 100 mSv because health 
effects in this dose range are undetectable. Therefore, the use of ALARA should not involve cal-
culations based on doses less than 100 mSv. 

More generally, no ALARA action should be required by the NRC unless there are reasons to 
believe that such an action would lead to a reduction in radiation caused health effects. FIGURE 
A-9 can be helpful here. It might be possible to reduce radiation exposures from 1.0 gray by a fac-
tor of ten to 0.1 gray. However, FIGURE A-9 shows that there were zero sarcomas at 1.0 gray and 
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also shows zero sarcomas at 0.10 gray. Therefore, no radiological health benefit would be gained 
since the process would just be going from zero detectable radiological health effects at 1.0 gray 
to zero detectable radiological health effects at 0.1 gray. This is analogous to reducing the tax rate 
for a person with no taxable income. Reducing the tax rate is achievable, but it is a meaningless 
gesture in this circumstance because there is no tax reduction benefit. The important insight 
here is that ALARA may have no meaningful health benefit for some actions, even if dose 
reductions are achievable. In general, if an approximate threshold can be estimated, no 
ALARA actions below that threshold are justifiable. Returning to FIGURE A-9 and assuming 
it is possible to reduce radiation exposure from 40 gray down to 5 gray, this situation could be a 
candidate for an ALARA process. Here, at least one of the starting points, 40 gray, was above the 
assumed threshold.

IF YOU CAN’T PROVE A RADIOLOGICAL BENEFIT IT WOULD NOT BE REASONABLE 
TO IMPOSE A BURDEN ON THE LICENSEE.

7.4.2 Practical Limits

Not every radiation exposure situation has as extensive a data base as the radium dial worker’s 
data base. Further, normal nuclear plant operation, and even during accidents, large doses like 
those in the radium dial workers case are not achieveable. In today’s world the risks are so low 
that the use of both the Backfit Rule and ALARA has become infrequent. The NRC might want to 
modernize ALARA by using the new regulatory tool. ALARA might only be used when a design 
change moves an x,y coordinate from a situation where ERR > 0 to an x,y coordinate where ERR 
= 0. It is expected that even this approach would be used infrequently since situations where 
ERR> 0 may be beyond what nuclear accidents can produce.

7.5 Overhauling Decommissioning

The NRC monitors decommissioning trust funds at nuclear power plants to determine if they are 
sufficient, as described in SECY-18-0078.(35) This SECY provides periodic decommissioning 
cost estimate data for each nuclear plant. These data include the present amount of money in the 
trust fund and an estimate to complete radiological decommissioning. 

The NRC’s estimate only covers the cost for decommissioning those portions of the nuclear plant 
that would be radioactive, like the pressure vessel and reactor core internals. However, the cost to 
decommission a nuclear power plant is the sum of the costs for the radiologically affected items 
and the cost to deal with non-radiologically affected items. The costs associated with the non-
radiological items is a substantial fraction of the total decommissioning costs. The radiological 
and non-radiological decommissioning tasks are intermingled and certain radiological tasks can-
not be accomplished until other non-radiological tasks are completed. However, both the radio-
logical tasks and the non-radiological tasks draw upon the same decommissioning fund. The 
decommissioning fund has to be large enough to pay for all tasks, radiological and non-radiologi-
cal. NRC decommissioning estimates based on only the radiological costs may underestimate the 
total funding that is needed.

A case in point is the Shoreham nuclear plant on Long Island, New York. This power plant was 
shut down for political reasons after only operating a few days.This premature shutdown was 
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falsely based on a fear that a massive evacuation in that rather densely populated area was needed, 
but not possible. No such massive evacuation was called for in the emergency plan or by the 
NRC. As a result of insufficient decommissioning funds, empty buildings at the Shoreham site 
exist there to this day, and people on Long Island are saddled with a multibillion dollar debt, and 
fossil fueled electricity replaced Shoreham. A related situation took place with Unit One at the 
Indian Point site which operated from August, 1962 to October, 1974 and had accrued some 
decommissioning funds while operating. Unit One at Indian Point was shut down because it did 
not meet new NRC emergency core cooling requirements and it was determined by Consolidated 
Edison, owner of Unit One, that it was not cost effective to refurbish this unit to meet present core 
cooling criteria. Once shut down, Unit One went into the NRC’s SAFSTOR decommissioning 
mode where up to 60 years are allowed to complete decommissioning. Once shut down, no new 
money entered Unit One’s decommissioning fund from ratepayers and the net income from earn-
ings on the fund was limited to a 2% real rate of return. Consequently, it would take many years to 
accrue sufficient decommissioning funds. Entergy, which purchased Indian Point Units One and 
Two from Consolidated Edison continued Unit One in the SAFSTOR mode.

All this changed when the licenses of Units One, Two, and Three were transferred to Holtec 
Decommissioning International (HDI) who placed all three units into NRC’s DECON decommis-
sioning mode so it could begin the decommissioning process. In order to justify the license trans-
fers to HDI, Holtec submitted a PSDAR (Post Shutdown Decommissioning Report) to the NRC. 
This PSDAR included multiple cost estimates, task by task, often out to six or more significant 
figures. The NRC acknowledged that it did not review these detailed PSDAR cost estimates. Such 
a detailed review would be an overwhelming effort. Instead, the NRC relied on three summary 
tables, one per unit, that purported to show that decommissioning could be completed within the 
funds at hand, even resulting in a final surplus. However, if the detailed analysis was incorrect, 
incomplete, or based on a faulty financial model, these three summary tables could be invalid. 
Numerous public comments on defects on this PSDAR were sent to the NRC which should have 
been resolved prior to allowing the licensees to be transferred.

Since the NRC is unable to verify the detailed cost analyses in a PSDAR which form the basis of 
its approval of the PSDAR, this puts the local community at financial risk. A different approach to 
decommissioning funding is called for. This different approach is based on comparing merchant 
utilities to long term local utilities, like Commonwealth Edison in the Chicago area. Common-
wealth Edison made a commitment to the people in its service area: that they would be financially 
risk free, even if decommissioning costs exceeded their cost projections. This can be accom-
plished in a number of financial assurance methods, as pointed out by SECY-18-0078, including 
surety bonds. The main requirement is that these financial assurances be in place as part of 
the licensing process and definitely prior to approving any transfer of licenses.

It is recommended that all utilities, merchant or not, make lasting commitments to their service 
areas about decommissioning funds equivalent to the Commonwealth Edison model so that local 
communities would be held financially risk free from the decommissioning process. If this were 
done, the public would be better protected and the NRC’s decommissioning approval process 
could be significantly streamlined and much more defensible. The need to submit PSDARs 
should be re-examined since the NRC may not review them anyway and may not respond to ques-
tions the public has raised about them.
57



Modernizing the Nuclear Regulatory Commission - REV.2
7.6 Modernizing Quality Assurance

Many years ago the New York Power Authority (NYPA) sent four small metal items to the NRC. 
Two of these items were small set screws and the other two were small snap rings. One set screw, 
labeled safety grade, cost $313.00. The other set screw purchased at a local hardware store cost 15 
cents and appeared to be identical to the safety grade labeled set screw. The safety grade snap ring 
cost $80.06 and it appeared to be identical snap ring from the hardware store which cost ten cents. 

The purpose of this NYPA submittal was to raise questions about the paper driven QA program in 
use at that time. Around the same time the Electric Power Research Institute (EPRI) conducted a 
small program testing some safety grade items and comparing them to the same items with an 
industrial grade rating. No difference in performance between safety grade and industrial grade 
items was observed in this limited EPRI program.

The goal today for quality assurance should be to reduce costs while maintaining a high level of 
safety. It is in the financial interest of nuclear power plant owners/operators to maintain high qual-
ity components, but at a reasonable price. One way to do this is a performance-based approach 
similar to the program conducted by EPRI years ago, but on a larger scale. PRA techniques can 
also help. For example, PRAs have been run where specific systems and components were 
assumed to have a ten percent increase in their normal failure rate and the impact on core melt fre-
quency was calculated. For some components and systems a ten percent increase in failure rate 
would have a very small impact on the core melt frequency. Such items would be good candidates 
for a QA program which accepted the use of industrial grade equipment without a special paper 
trail.

Another approach to dealing with QA costs while maintaining safety levels is to have additional 
redundancy. For example, some countries use a three train heat removal design instead of a two 
train system.This extra redundancy means that equipment failures in any one train has less safety 
significance and that normal industrial standards offer acceptable quality assurance levels in these 
three heat removal trains.The QA program was reserved for special components like the reactor 
pressure vessel.

The NRC is a risk-informed, performance-based agency. As part of the NRC modernization pro-
cess, areas like QA need to be updated using actual performance data when possible. A general 
question, which reaches beyond QA, needs to be answered: Do special requirements like a 
detailed paper trail or special requirements for welding, etc. actually increase performance and 
reliability?

7.7 Removing the Fear of Nuclear Waste

7.7.1 Introduction

People are anxious that nuclear waste will still be radioactive long after this generation of people 
have passed away. “What about the nuclear waste?” is a question that is often raised about nuclear 
energy. From a technical viewpoint dealing with high level nuclear waste is a solved problem. 
Finland already has a high level nuclear waste repository and Sweden is close behind. There is no 
technical reason for the USA not to use the Yucca Mountain facility in Nevada and have its own 
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high level nuclear waste repository. The long delay in the USA from having a high level waste 
repository is due to politics, largely created by unrealistic fears of radiation and by Congress years 
ago ganging up on the State of Nevada to accept the Yucca Mountain facility against its will.

The purpose of this section is to show that the fears about nuclear waste are technically unfounded 
and to clarify other misunderstandings. In one sense, nuclear waste is unique. It is the only waste 
product from a major energy source whose final disposal has already been paid for. 

Even with the political failure to operate Yucca Mountain, we already have demonstrated that 
nuclear wastes are an insignificant risk to society. Nuclear wastes are at their highest radiation 
level and at their highest decay heat level when spent fuel elements are first placed into a spent 
fuel pool. There have been no spent fuel pool accidents that endangered the public in the history 
of the commercial nuclear industry in the United States. After a few years the spent fuel in the 
spent fuel pool has significantly cooled, and radiation levels have significantly dropped so that 
these spent fuel elements can be transferred to an onsite steel and concrete canister. These canis-
ters are quite large and heavy and cannot be taken off the nuclear site without special heavy duty 
equipment. The radiation levels and temperatures at their outside surfaces are low enough so that 
one can put your hand on these surfaces without causing any harm. The heat generation within 
these canisters is so low, the whole canister can be cooled by normal air flow; no active cooling 
devices are needed. Canisters have been safely used for decades.

7.7.2 The Final Step

The final step is to place these spent fuel elements in a very carefully selected geological site, 
deep below the surface of the earth.The time it takes to reach very low decay heat levels and very 
low radiotoxicity levels is between 100 to 300 years after the spent fuel has been removed from 
the reactor, It is interesting to observe that the highest decay heat levels and the highest radiotox-
icity levels occur at surface levels and have been safely conducted everywhere for a major portion 
of this 100 to 300 time span. The remaining reductions in decay heat rates and radiotoxicity would 
take place far below surface levels, far from the human ecosphere, yet this is the area most people 
are concerned with. 

7.7.3 Very Long Half-Lives

Certain nuclear waste has very long half-lives and people fear that this represents a continuing 
health threat, even if this waste is buried deep underground in a carefully selected geologic repos-
itory. 

Let’s start the discussion with a radioactive material that is not a waste product, but has a very 
long half life: natural uranium ore which is over 99% Uranium-238. This isotope of uranium has 
an extremely long half life, 4.5 billion years, but eventually turns into lead (Pb-206) after a series 
of steps in a complex decay chain. (See FIGURE A-14). Lead (Pb-206) is stable, i.e., there is no 
further radioactive decay. Being stable is equivalent to having an infinite half life. U-238 and Pb-
206, the two isotopes at the opposite ends of the U-238 decay chain, have the longest half-lifes in 
this decay chain. Lead has no radiological impact. U-238 has insignificant whole body radiologi-
cal health issues. When placed into a plastic bag, or by simply using gloves to keep any dust 
down, natural uranium can be safely held in one’s hand. Both uranium and lead are heavy metals 
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and are chemically toxic like other heavy metals. Uranium-238’s principle health risk is from 
inhalation of small particles that might enter the lungs.

Also in the U-238 decay chain is radon-222 (Rn-222). Unlike U-238 or lead with very long half 
lifes, radon-222 has a 3.8 day half life. The radon-222 daughters are responsible for over half of 
the background radiation in the United States. Many homeowners have installed systems to 
remove the radon that seeps into their basements. So, U-238 and lead, with their much longer half 
lifes, are insignificant contributors to our natural background dose rate, while radon-222 with its 
much shorter half life gives rise to a major part of our natural background dose rate. The length of 
various half lives is an incomplete indicator of radiological health hazards. The most hazardous 

radioisotope in nuclear accidents is 131I with its 8 day half life.

A more complete understanding of what is important in evaluating radiological health risks also 
includes understanding the different types of particles (alpha and beta particles) and rays (photons 
or gamma rays) that radioactive materials emit, their energy levels, and their individual abilities to 
damage the human body. Information on these subjects is provided later in this report.
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FIGURE A-14  U-238 Decay Chain

7.7.4 High Level Nuclear Waste 

7.7.4.1 Introduction

High level nuclear waste comes from uranium that has been fissioned in a nuclear power plant. 
When spent fuel is removed from a reactor core it is highly radioactive and thermally very hot. 
Both radioactivity and the amount of energy from decay heat decrease with time. 

High level nuclear waste can be buried in a geologic repository as intact solid fuel elements 
within special canisters designed to last at least one million years. There has been some discussion 
about intruders sometime in the future unknowingly being exposed to high level nuclear waste. In 
order to release particles from nuclear waste buried in a geological repository, the intruder would 
have to somehow get access to the repository, somehow be able to descend the significant dis-
tance down from surface level to where the spent fuel canisters are stored, somehow get access to 
the spent fuel within the canisters, and finally would have had to bring along some kind of grind-
ing machine to convert these metallic spent fuel elements into a powdered form. The NRC is a 
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risk-informed, performance-based regulatory agency. Clearly, the intruder scenario is not risk sig-
nificant and only promotes a fear of nuclear energy.

7.7.4.2 Decay Heat

When spent fuel elements are removed from a reactor core they are still producing a lot of heat. 
These spent fuel elements are then placed at the bottom of a spent fuel pool where they are sur-
rounded by water. Some spent fuel pools are about 40 feet deep, leaving about 25 feet of water 
above the top of the spent fuel. This water provides shielding and also cools the spent fuel. A heat 
removal system keeps the pool temperature within specified limits. After a few years the spent 
fuel elements will have cooled enough so that they can be transferred to large concrete and steel 
canisters.These canisters are placed on a concrete pad at the power plant site, awaiting removal to 
a final burial site.These canisters are cooled by natural air flow over their surfaces. It is radiologi-
cally safe to stand right next to these canisters. 

Decay heat from nuclear waste decreases with time. Four months after removal from the reactor 
core, 26,510 watts are generated per tonne of spent fuel. By 300 years the decay heat is down to 
155 watts per tonne of spent fuel. So, by 300 years after removal from a nuclear reactor decay 
heat has decreased almost 200 fold. By 3000 years the decay heat is just 26 watts per tonne, a 
thousandfold decrease. Since natural air circulation was sufficient to keep the canisters cool 
enough while at surface level, the decrease in decay heat rate over time means that these canisters 
or others specifically designed for long term storage in a geological repository will continue to be 
adequately cooled. 

Decay heat is not a long term nuclear waste issue of significance.

7.7.4.3 Fission Products

The natural uranium-238 decay chain described above has nothing to do directly with making fis-
sion products, which depends on splitting fissionable isotopes like uranium-235 in the core of a 
nuclear reactor. This fissioning process produces two “families” of radioactive material, fission 
products and actinides, as shown in FIGURE A-15.(36)

As seen in FIGURE A-15, the relative radiotoxicity of the fission product “family” decreases 
comparatively rapidly and reaches a level comparable to natural uranium ore in about 300 years. 
As discussed before, natural uranium ore can be safely held in one’s hand. So fission products, 
placed in a deep geologic repository, are not a long term radiological health threat. FIGURE A-15 
depicts inhalation dose vs. time. Other pathways for radiation health effects, like ingestion path-
ways, can be found in Reference 36.

7.7.4.4 The Actinide “Family”

The actinide “family” is a series of fifteen metallic elements from actinium (atomic number 89) to 
lawrencium (atomic number 103) in the periodic table. They are all radioactive where the heavier 
family members are extremely unstable and are not found in nature. 
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Dealing with the actinides in nuclear waste presents two basic choices. One can reprocess the 
actinides to recapture the some of the energy contained in the fissionable actinide isotopes or one 
can bury nuclear waste in specially made canisters in carefully selected geologic structures.

7.7.4.5 The Reprocessing Option

Reprocessing spent nuclear fuel has the advantages of extracting more energy from nuclear fuel 
and reducing the volume of radioactive waste. According to Wikipedia (2012) “Reprocessing of 
civilian fuel has long been employed at the Cogema la Hague site in France, the Shellafield site in 
the United Kingdom, the Mayak Chemical Combine site in Russia, and at sites such as the Tokai 
plant in Japan and the Tarapur plant in India.”

Because the USA does not now use reprocessing of nuclear waste, this report mainly concentrates 
on the burial of nuclear waste in a geologic repository. However, recent actions are being taken at 
the Department of Energy to re-examine if reprocessing now makes sense for the United 
States.(37) 

7.7.4.6 Burial of Nuclear Waste in a Geologic Repository

Extensive analyses have been made in Sweden and elsewhere on the burial of nuclear waste in a 
deep geologic formation that is expected to continue its long term stability.(36,38) A specially 
designed canister that holds the spent fuel is designed to last at least one million years. Nonethe-
less, a comprehensive analysis was made about possible failure modes that might shorten the 
design life of these canisters. The two most important failure modes in the Swedish design are 
shear failure and canister erosion where the thick copper barrier surrounding the spent nuclear 
fuel might very slowly lose its containment integrity. Since these postulated failure modes evolve 
very slowly, no release of radioactive material from the spent fuel is expected until after about 
100,000 years have passed. 

Even then this does not result in a rapid relocation of radioactive material from the deep reposi-
tory to the surface ecosphere. This is discussed by Krall, et al, “This metric, however provides lit-
tle insight into future doses from a geologic repository, where various geochemical processes, 
complemented with multiple engineered barriers, can limit radionuclide transport from the repos-
itory to the surface ecosystem. Since many of the actinides are chemically incorporated into the 
insoluble UO2+x fuel matrix, future releases of the most long-lived and radiotoxic SNF constitu-
ents will be low if disposed of in a repository sited in a favorable hydrogeochemical environ-
ment.”(39) 

Krall’s statement is consistent with Sweden’s analyses of surface dose rates made for these two 
failure modes. The calculated surface dose rate for each assumed failure mode is about a few 
microSv/year. These dose rates are about 100 times smaller that the average natural background 
dose rates in Sweden and about 300 times smaller than the average natural background dose rates 
in the United States.

Even long term failures of deeply buried nuclear waste canisters does not represent a significant 
radiological risk.
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FIGURE A-15  Relative Radiotoxicity vs.Years

7.7.4.7 Alphas, Betas, and Gammas

Various studies of high level nuclear waste stored in geological structures show effectively zero 
ground level radiological risks. Additional studies by Devanney provide analyses which indicate 
that high level waste is even less of a technical issue than generally thought.(40) These additional 
studies examine the three dominant emissions from radioactive waste: alpha particles (helium 
atom nuclei), beta particles (electrons), and gamma rays (photons). The emission of neutrons from 
nuclear waste is an insignificant concern. 

These three types of emissions have very different penetration capabilities. Alpha particles cannot 
penetrate most matter. A piece of paper or a few centimeters of air is sufficient to stop alpha parti-
cles. As discussed before, the main hazard from alpha particles is from inhalation. An N-95 face 
mask would prevent inhalation in a very unlikely situation where alpha particles were airborne.

Beta particles can be stopped by a layer of clothing or a substance like aluminum. Beta particles 
are capable of penetrating the skin and can lead to skin burns. Beta emitters should not be inhaled 
or swallowed.

Gamma rays (photons) are much more penetrating than alpha or beta particles. Several feet of 
concrete or a few inches of lead are required to stop them. Gamma rays are a radiation hazard for 
the whole body. As Devanney points out: “Over time radioactive materials decay and the radia-
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tion levels drop off. Different radioactive materials decay at very different rates. Most of the pho-
ton emitters in the used fuel decay rather rapidly. After less than 600 years, the photon dose rate 
at a fuel element surface is so low that, according to Department of Energy rules, it can be con-
tact handled without any shielding at all. For practical purposes the photon emitters are gone in 
600 years.”

FIGURE A-16 reproduces Devanney’s Figure 5 from his report. This figure shows that gamma 
rays are effectively gone in about 600 hundred years, a far shorter time period than the million 
year design criterion used in geologic burial designs. Alpha and beta emissions continue beyond 
600 hundred years, but these emissions have very low penetration capabilities and damage from 
them is easily prevented.

FIGURE A-16 Dose Rate at Fuel Element Surface

High-level nuclear waste placed in a stable geological formation is not a significant long term 
radiological hazard, even if canisters that contain the radioactive waste fail far earlier than the 
canisters’ design life. The most penetrating emissions from radioactive waste comes from gamma 
rays. However, gamma radiation is effectively completed in about 600 years.

In summary, long half lives do not mean that health risks from nuclear waste is a long lasting haz-
ard. Stable heavy metals found in open surface level coal ash slurry pools are an unending risk.

7.8 Low-Level Waste

According to the NRC, “Low-level waste includes items that have become contaminated with 
radioactive material or have become radioactive through exposure to neutron radiation. This 
waste typically consists of contaminated protective shoe covers and clothing, wiping rags, mops, 
filters, reactor water treatment residues, equipment and tools, luminous dials, medical tubes, 
swabs, injection needles, syringes, and laboratory animal carcasses and tissues. The radioactivity 
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can range from just above background levels found in nature to very highly radioactive in certain 
cases such as parts from inside the reactor vessel in a nuclear power plant. Low-level waste is 
typically stored on-site by licensees, either until it has decayed away and can be disposed of as 
ordinary trash or until amounts are large enough for shipment to a low-level waste disposal site 
in containers approved by the Department of Transportation.”

Clearly, the above NRC definition of low-level waste does not include any radioactive materials 
with long half-lifes. Parts from inside the reactor vessel may be highly radioactive, but that does 
not mean that they remain highly radioactive for long periods of time. Nonetheless, low-level 
waste that might include long-lived radioisotopes is discussed in SECY-16-0106, Final Rule: 
Low-level Radioactive Waste Disposal, September 15, 2016. This Final Rule would, in part, “(1) 
revise the existing technical analysis for protection of the general public to include either a 1,000-
year compliance period or a 10,000-year compliance period depending on the quantities of long-
lived radionuclides that have been or plan to be disposed at the site: (2) add a new technical basis 
for the protection of inadvertent intruders that would include a compliance period and a dose 
limit; (3) add a new post-10,000-year performance period analysis for disposal sites that have 
low-level radioactive waste (LLRW) containing significant quantities of long-lived radioiso-
topes.”

Implementing SECY-16-0106 raises a number of basic questions. First, what are these highly 
radioactive objects that are also long-lived? These long-lived radioisotopes are not included in the 
NRC definition of low-level waste quoted in the first paragraph of this section. They are not fis-
sion products as shown in FIGURE A-15. Nor are they actinides. If such highly radioactive and 
long-lived waste exists, isn’t it already included as activation products shown in FIGURE A-15? 
These activation products decay to background levels in about 300 years. If these objects are both 
highly radioactive and long-lived, why aren’t they included in the disposal of high-level waste? 

The issue of 1,000 or a 10,000-year compliance period also is problematic. Neither the NRC nor 
any licensee can assure that it would still be in existence 1,000 or 10,000 years from now. Compli-
ance over such long time periods is associated with highly stable geologic formations that high-
level waste would use. Compliance over 1,000 to 10,000 years cannot be assured assuming that 
NRC inspectors will be available far into the future. In effect, SECY-16-0106 is calling for burial 
in some geologic structure with capabilities similar to high-level waste storage, yet this is low-
level waste. This NRC inability to demonstrate that compliance can be achieved far into the future 
using humans underscores the question of why aren’t these highly radioactive and long-lived 
objects included in the disposal of high-level waste?

Part (2) of the above Final Rule discusses dose limits during the compliance period. These dose 
limits are exceedingly low at 0.25 mSv/year. This dose rate limit is ten times smaller than normal 
background doses in the United States. Does this mean that low level waste would be restricted to 
a dose rate that is ten times smaller than the soil surrounding it? Based on the policy statements by 
the Health Physics Society, wouldn’t the effects of a 0.25 mSv/year dose rate be undetectable? 

There also are issues concerning an inadvertent intruder. Considering that we are talking about 
low level waste, is the whole issue of intruders risk significant? Wouldn’t the intruder receive a 
dose ten times larger at ground level from normal background sources than inside the low level 
waste facility?
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The NRC is a risk-informed, performance-based regulatory agency. It must show that the risks 
from low-level waste justify 1,000 year and 10,000 year compliance periods.

Footnote 20 in the NRC document “Guidance for the reviews of proposed disposal procedures 
and transfers of radioactive material under 10CFR20.2002 and 10 CFR 40.13 (a), April 2020” 
discusses SECY-09-0106 and concludes with “However, the rule and associated guidance based 
on this Commission are not yet finalized.” If the rule still has not been finalized it would be an 
opportune time to revise it taking into account issues raised here and elsewhere. As matters stand 
now the message SECY-09-0106 is sending to the public and its elected officials is that even low- 
level nuclear waste is a significant risk, so much so, they need to be subjected to a compliance 
period that could be 10,000 years long. This type of message effectively makes the perceived risks 
from low-level waste appears about the same as high-level waste. With such a perception the pub-
lic may demand that low level waste be buried in geologic structures. With the much greater vol-
ume of low-level waste compared to high-level waste, requiring that low-level waste be buried in 
geologic structures could threaten the use of nuclear energy in the United States.

7.9 Conclusions

Neither high-level nor low-level nuclear waste is a significant health risk to the public. The public 
is unaware of this. If the Department of Energy’s program on consent-based siting of nuclear 
waste sites is to succeed, this knowledge gap must be closed. The NRC has a major role here in 
educating the public about the very low risks from nuclear waste. It would be difficult for the 
NRC to acquire the confidence of the public if it states that low-level waste is a very small risk 
and then requires some form of compliance out to as much as 10,000 years. Revising SECY-09-
0106 so that it is truly a risk-informed document would be a step in the right direction. 
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8.0 Appendix A - Safe Area Supporting Data

8.1 Introduction

TABLE A-6 provides data on dose rates and TABLE A-7 provides data on mean cumulative 
doses. These tables are slightly modified versions of the supplementary data that support R&T’s 
Figures 1 and 2. 

TABLE A-6 Solid Cancer Excess Relative Risks and Estimated Dose Rates

Type of Expo-
sure

Deaths 
Reported

Expected 
Back-
ground

Estimated 
Exposure, 
mSv/d

Excess 
Relative 
Risk

95% CI Reference

Natural Back-
ground

67 75.4 0.009 -0.111 0.33 Sun Q, et al, 2000

Natural Back-
ground

211 227 0.015 -0.070 0.20 Sun Q,et al, 2000

Natural Back-
ground

263 251 0.021 0.048 0.08 Sun Q, et al, 2000

Natural Back-
ground

82 86.2 0.027 -0.049 0.26 Sun Q, et al, 2000

Pilots 20 23 0.05 -0.130 0.52 Blettner, et al, 1998

Pilots 56 92 0.05 -0.391 0.55 Blettner, et al, 1998

I-131 27 28.9 0.6 -0.066 0.43 de Vathaire, et al, 1997

I-131 448 499 1.2 -0.102 0.19 Franklyn, et al, 1999

I-131 810 736 5 0.101 0.02 Holm, et al, 1991

I-131 42 41.4 3.5 0.014 0.30 Ron, et al, 1998

I-131 24 32.9 14.4 -0.271 0.57 de Vathaire, et al, 1997

External 
Beam

424 650 1.2 -0.348 0.41 Davis, et al, 1989

External 
Beam

79 65.6 97 0.204 0.07 Ron, et al, 1994

External 
Beam

60 74.5 120 -0.195 0.40 Ron, et al, 1998

External 
Beam

341 305 155 0.118 0.00 Greim, et al, 1994

External 
Beam

331 297 186 0.114 0.01 Darby SC, et al, 1994

External 
Beam

1586 1259 547 0.260 0.20 Weiss, et al, 1994

A-Bomb 3,277 3,221 50 0.017 0.02 Preston, et al, 2003

A-Bomb 668 622 150 0.074 0.01 Preston, et al, 2003

A-Bomb 763 678 350 0.125 0.04 Preston, et al, 2003

A-Bomb 438 335 750 0.307 0.18 Preston, et al, 2003

A-Bomb 274 157 1,500 0.745 0.53 Preston, et al, 2003

A-Bomb 82 38 2,500 1.158 0.68 Preston, et al, 2003
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TABLE A-7 Solid Cancer Excess Relative Risks and Mean Cumulative Radiation Dose

Type of 
Exposure

Study Descrip-
tion/Cohort

Solid 

Cancers**

Mean 
Cumulative 

Radiation 
Dose, mGy

ERR/Gy 95% CI,

(*= 90% CI)

References

A-Bomb Life Span Study 10,929 200.0 0.42 0.3 - 0.5 Ozasa, et al, 2012

Chernobyl Emergency 2,442 132.0 0.58 0.0 - 1.2 Kashcheev, et al, 
2015

Chernobyl Emergency 1,370* 130.0 0.33       - 1.2 Ivanof, et al, 2004

Occupa-
tional

X-ray Workers 1,643* 150.0 0.30 0.1 - 0.5 Sun Z, et al, 2016

Occupa-
tional

US Radiologic C 3,615* 55.8 0.59       - 0.5 Lee, et al, 2015

Miner 
Cohort

German Miners 434 26.0 0.26       -2.9 Kreuzer, et al, 2015

Back-
ground

Yangjiang China A 941 63.2 0.19       -3.0 Tao, et al, 2012

Back-
ground

Kerala India A 1,349* 161.0 -       -0.4 Nair, et al, 2009

Nuclear 
Power 
Plant

15 Country 
Study

6,519 19.4 0.97 0.1 -1.9 Cardis, et al, 2005

Nuclear 
Power 
Plant

INWORKS 17,957 20.0 0.47 0.1 -0.7 Richardson, et al, 
2015

Nuclear 
Power 
Plant

Japan Nuclear 2,636 12.2 0.20       -2.0 Akiba and Mizuno, 
2012

Nuclear 
Power 
Plant

Rocketdyne 651 13.5 -       -1.7 Boice, et al, 2011

Nuclear 
Power 
Plant

US Nuclear 368 25.7 0.51       -4.6 Howe, et al, 2004

Nuclear 
Power 
Plant

Canada Cohort 324 21.6 -       -2.3 Zablotska, et al, 
2013

Nuclear 
Power 
Plant

Canada 225 134.0 0.12       -0.9 Zablotska, et al, 
2013

Nuclear 
Power 
Plant

Germany Cohort 115 29.5 -       -1.0 Merzenich, et al, 
2014

Nuclear 
Power 
Plant

Korea Cohort 96* 19.7 2.06                 -9.0                          

                                                                                                  

Jeong, et al, 2010 
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Notes: A = All cancers except leukemia

           B = All cancers except lung, liver and bone

           C = Basal cell carcinomas

          * =   Incidences of cancer

          ** = Cancers in this group comes from the identified type of exposure and all other sources 
besides those from the identified type of exposure. Unless marked with an asterisk, *,these are 
recorded cancer fatalities. Those that are marked with an asterisk are recorded incidents of can-
cers and not necessarily cancer fatalities.

Nuclear 
Waste

Techa River 1,933 52.0 0.77 0.1    -1.5 Davis, et al, 2015

Nuclear 
Waste

Techa River 2,303 35.0 0.61 0.0    -1.2 Schonfeld, et al, 
2013

Nuclear 
Waste

Taiwan 106* 47.7 0.30         -0.9 Hwang, et al, 2008

Nuclear 
Weapons

Department of 
Energy

A 11,332 20.0 0.14         -0.4 Schubauer-Beri-
gan, et al, 2015

Nuclear 
Weapons 

Rocky Flats 104 36.4 -         -0.5 Cardis, et al, 1995

Nuclear 
Weapons

Mayak Worker B 1,825 354.0 0.16 0.0   -0.2 Sokolnikov, et al 
2015, 2017

Nuclear 
Weapons

Mayak Worker 1,447 510.0 0.07 0.0   -0.1 Hunter, et al, 2013
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9.0 Appendix B - Additional Safe Area Supporting Data

TABLE A-8 is an adaptation of incidents with radiation health effects as compiled by Devan-
ney.(24). When examining these data, Devanney observed an inconsistency in the LNT model. 
Some doses that were received over a decade or more were at least 10,000 mSv, yet there was no 
detectable increase in cancer. At about a one percent increase in cancer per 100 mSv, based on the 
LNT model, entry 24, “dial painters low”, should have produced up to 1,600 cancers out of the 
initial group size of 2,110 people. Yet zero bone cancers were detected.

TABLE A-8 Additional Dose and Dose Rate Data

Group Size Period Cumulative dose, 
mSv

Dose rate, 
mSv/day

Results

                                                                 Atom Bomb Survivors

1. Leuk. 5-150 33, 459 seconds 5-150 5-150 Insignificant 
decrease in leukemia

2. Solid 5-20 14,555 seconds 5-20 5-20 Insignificant 
decrease in solid can-
cers

3. Solid 20-40 6,411 seconds 20-40 20-40 Solid cancers same 
as control group

4. Solid 40-125 10,970 seconds 40-125 40-125 Insignificant increase 
in solid cancers

5. Leuk 150-300 5,463 seconds 150- 300 150-300 Insignificant increase 
in leukemia

6. Solid 125+ 16,166 seconds 125+ 125+ Significant increase 
in solid cancers

7. Leuk. 300+ 6,793 seconds 300-5,000 + 300-5,000 + Significant increase 
in leukemia

8. Golania ~46 hrs or less 1,000-6,000 1,000-6,000 50% mortality above 
4,000 mSv

9. Thai scrap ~10 hrs or less 1,000-6,000 1,000-6,000 100% mortality 
above 6,000 mSv

10. Chern. first responders 134 < 2 hrs 1,000-16,000 1,000-16,000 Sigmoid mortality, 
50% at 6,000 mSv

11. H.Daghlian 1 seconds 5,900 5,900 Died in 25 days

12. Tokaimura 3 seconds 3,000-17,000 3,000-17,000 >10,000 mSv died

13. Louis Slotkin 1 seconds 21,000 21,000 Died in 9 days

14. Norway tech 1 < 1 hour 38,500 38,500 Died in 13 days

15. R.Peabody 1 seconds >100,000 100,000+ Died in two days

16. Chern. liquidators 220,000 2 min-90d 1-1,500 nil-1,500 Low/high dose rate 
mushed together, 6% 
increase in cancer.

17. Litvenko 1 3 weeks 96,000 4,000 Died in 23 days
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18. Belarus kids 13,147 2-3 weeks avg.780, max 48k 39-2,400 45 thyroid cancers, 
eventual 50? deaths

19. Ukraine kids 11,611 2-3 weeks avg. 560, max 33k 28-1,600 87 thyroid cancers, 
eventual 50? deaths

20. Eben Byers 1 2 years 366,000 300+ Horrible bone cancer, 
died in 3 years

21. Evans radium hi 127 10 years >80,000 80+ Cancers, Hi mortality 
> 200 mSv/day

22. Dial painters high 273 10-60 yrs 190,000-440,000 20+ 96 bone cancers, 1 
below 20

23. Evans radium mid 17 10 years 20,000-80,000 20-80 Abnormalities, nil 
clinical symptoms

                                                          Doses Received Over a Decade or More

Group Size Period Cumulative dose, 
mSv

Dose rate, 
mSv/day

Results

24. Dial painters low 2,110 10 -60 yrs 200-160,000 up to 20 Zero bone cancers

25. Evans radium low 59 10 years up to 20,000 max. 20 Nil abnormalities

26. Albert Stevens 1 20 years 61,000 8 Died at age 79 from 
heart failure

27. UPPU Club 20 ~ 10 yrs up to 7,200 0.03-2 Lower mortality than 
control group

28. Taipai Apt hi 1,100 18 years up to 4,000 up to 3 Decrease in cancer

29. Taipai Apt mid 900 18 years avg. 420 up to 0.16 Decrease in cancer

30. Taipai Apt low 8,000 18 years avg. 120 up to 0.050 Decrease in cancer

31. Kerelana 69,956 10-15 yrs 50-650 0.016 -0.160 Indignificant 
increase in cancer

32.NRX cleanup ~1,000 90 sec 
jumps

up to 200 up to 150 Insignificant increase 
in cancer
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10.0 Appendix C - Wind Directions at Fukushima on March 14, 2011

Like Chernobyl, there were many changes in wind direction during the release of radioactive 
material from Fukushima. TABLE A-9 is a compilation of wind direction data and radiation lev-
els at the main gate of the Fukushima site on March 14, 2011, as presented by Albright, et al. 
(41)The main gate is about one kilometer from the reactor buildings.The release of radioactive 
material from the Fukushima site continued to March 25, 2011. 

TABLE A-9 Wind Directions and Radiation Levels at Fukushima

TIME Radiation Level, 

MicroSeiverts/hour

Wind Direction

00:00 4.86 West

02:00 4.36 Southeast

02:10 4.59 Northeast

02:20 751.2 Northwest

02:30 433.0 South

02:50 66.3 East-Northeast

03:20 15.4 West

11:37 50.4 North- Northeast

11:44 19.6 No Data

12:06 10.8 North-Northeast

21:20 6.0 Northwest

21:25 6.8 Southwest

21:30 29.7 Southeast

21:35 760.0 Southeast

21:37 3,130 South

22:15 431.7 North

22:50 267 North-Northeast

23:35 211.3 North-Northeast

23:55 192.3 West
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11.0 Appendix D - The Indian Point Terrorist Study

11.1 The Indian Point Terrorist Study-Background

One of the planes that attacked the World Trade Center flew near the two operating 1000 mega-
watt-electric Indian Point (IP) nuclear plants in Buchanan, New York. This prompted Entergy, 
owner of the Indian Point plants, to sponsor a unique terrorist attack analysis.(42) IP had the high-
est population density of any nuclear plant site in the nation.This terrorist attack analysis goes 
beyond the spectrum of accident scenarios the NRC examines in a typical licensing process. It 
was assumed that terrorists succeeded in blowing a three square foot hole in the massive steel and 
concrete containment building in one of the two operating nuclear plants and quickly, within a 
half an hour, starting a core meltdown sequence. One assumed meltdown sequence was a station 
blackout sequence (SBO) and the other was a loss-of-coolant (LOC) sequence.The major offsite 
emergency response to these two scenarios was assumed to be evacuation by car. 

11.2 Emphasis on Site-Specific Data

In this hypothetical terrorist study the road system around IP was precisely modeled, as were the 
starting locations of the evacuating public, based on the most recent census data.(See FIGURE A-
17). Actual meteorological data were used based on multi-year data collection at the IP weather 
station. Some 18 different traffic analysis were analyzed, including some massive evacuations 
where everyone in the 10 mile Emergency Planning Zone (EPZ) and about 35% of the population 
beyond 10 miles and out to nearby Interstate Highways; a total of 366,866 evacuees, was assumed 
to evacuate.

11.3 Analysis

In this hypothetical terrorist analysis cohorts of evacuees were tracked in 18 different traffic sce-
narios as they very slowly drove down the precisely modeled road system, turning right or left as 
dictated by the road system. The radiation exposure of the evacuees was calculated for both the 
SBO and LOC terrorist scenarios. This involved calculating how much and what type of radioac-
tive material was released into the atmosphere moment-by-moment and where the radioactive 
plume was projected to travel, using the IP meteorology data. While evacuating, evacuees would 
cross into the radioactive plume, drive through the plume, and then continue their evacuation 
along the road system.The radiation exposure of each cohort was then converted to radiation 
health effects, such as early fatalities and early injuries. Some estimates of the number of latent 
fatalities were made in this study using the LNT model. 

This unique accident analysis had the capability to determine the changes in radiological health 
effects if different evacuation pathways became available, or if the number of evacuees was var-
ied and the impact of the time the public needed to prepare for evacuation (the mobilization time). 
Other input factors, such as the magnitude of the source term, the core release fractions, and the 
time distribution of the release of radioactive material into the atmosphere from the SBO and 
LOC meltdown sequences, and the assumed time the terrorists took to start a meltdown sequence 
also could be varied, if so desired. It was then possible to rank which emergency response led to 
the lowest offsite radiological effects. i.e. to optimize the emergency plan.
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FIGURE A-17  Location of Population Centroids Around Indian Point

11.4 Results

The most important result of this unique analysis was that zero early fatalities were calculated for 
almost all postulated terrorist sequences.

Calculated evacuation speeds for the massive evacuation scenarios were sometimes less than one 
mile per hour, i.e. slower than walking speeds, during portions of the evacuation routes, as might 
be expected for massive evacuations by car at such high population density sites. If it had been 
assumed that some people sheltered, as would be instructed by emergency personnel, or voluntar-
ily walked out of the innermost one mile, the average evacuation speed for cars would have been 
higher and zero early fatalities for all scenarios would have been computed.

This analysis shed light on using PAGs, Protective Action Guidelines, which offer options to 
evacuate or to take shelter. At high population density sites the PAG option to evacuate could jam 
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the roads, possibly leading to higher exposures than the sheltering option. The EPA PAGs need to 
be eliminated, reserving localized evacuation decisions based on a Risk Map. 

People need time to get ready to evacuate, i.e., they need a mobilization time. Counterintuitively, 
for densely populated sites like IP, short mobilization times may not lead to minimum radiation 
exposure since the maximum road capacity would be more quickly reached, slowing down the 
evacuation. This unique accident analysis tool can determine the optimum mobilization time for 
any of the traffic sequences that were investigated. For low population density sites different 
mobilization times may be unimportant. However, if future nuclear plants, particularly SMRs are 
located in urban areas, issues like mobilization times could become important again.

The calculated source term for the SBO scenario was larger than the calculated source term for the 
LOC scenario, yet the radiation health consequences for the LOC scenario were larger in some 
sequences. This unexpected result was because the LOC scenarios released radioactive material 
into the atmosphere sooner than the SBO scenarios. By the time the SBO scenarios began to 
release radioactive material into the atmosphere, evacuees had moved far enough away as to pre-
vent radiation exposures from reaching levels that could result in early fatalities. This demon-
strates the importance of assuming that the terrorists were capable of starting a core melt sequence 
in just one half hour after blasting a huge hole in one of the containment buildings and then enter-
ing the site. If their entry was delayed a bit longer, the calculated LOC offsite early fatalities 
would likely have been zero, as was the case for the larger, but later, SBO scenario. 

Another insight from this IP terrorist analysis is the importance of describing the evacuation pro-
cess with much greater precision than what typical evacuation models do. Many consequence 
analyses assume that evacuations proceed at a constant evacuation speed and in an outward radial 
direction.When this typical evacuation model was used in the IP analysis 124 early fatalities were 
calculated, all occurring along the centerline of a narrow radioactive plume, and within one mile 
of the Indian Point site. This 124 early fatality figure generated by a simplistic evacuation model 
can be compared to 4-5 early fatalities for the worst case scenarios in the sophisticated IP analysis 
and zero early fatalities for all other IP scenarios, each of which had fewer evacuees than the mas-
sive evacuation scenarios with their 366,866 evacuees.

The scope of this IP terrorist analysis was quite large as it involved a large number of traffic sce-
narios, two different core melt scenarios, and a multitude of meteorological conditions. All but a 
very small number of combinations of parameters led to any calculated early fatalities. This small 
subset calculated 4 to 5 potential early fatalities, but to achieve this comparatively small number it 
took assuming the most massive, and consequently the very slowest, evacuation occurring at a 
time when weather conditions could produce a very narrow plume and by first assuming that the 
terrorists were capable of creating a very large hole in one of the containment buildings and then 
very quickly overcoming the security guards to start a core melt sequence. Even then, as repug-
nant as it is, 4 to 5 fatalities from a major terrorist attack is small compared to actual terrorist 
attacks. The main health effect from a terrorist attack on a nuclear power plant might be from 
stresses created by the fear of radiation. Similar conclusions have been reached in analyses of the 
health effects from exploding “dirty bombs” in urban areas. The health effects the explosion itself 
or the fear of radiation can exceed the health effects, if any, from the radiation itself from a dirty 
bomb.
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11.5 Conclusions

This extreme IP analysis gives further support to the observation that it is very unlikely that 
nuclear power plants can have events that lead to early fatalities. It also means that epidemiologi-
cal experiments at very high dose rates, while important to the scientific community, were less 
important to the regulatory community because such high dose rates are very unlikely to happen 
from accidents at nuclear power plants.
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12.0 Appendix E - Present Emergency Planning Defects

12.1 Problems With Over-Evacuation

The EPA guidance on minimizing the sum of the radiological and non-radiological risks in emer-
gency planning has not been followed, and severe non-radiological consequences have happened 
following both the Chernobyl and Fukushima accidents.According to Waddington, et al: (1) relo-
cation was unjustified for 75% of the 335,000 people relocated after Chernobyl and (2) relocation 
was unjustified for 160,000 people relocated after Fukushima.(44) 

Out of misguided fear, hundreds of thousands of women ended their wanted pregnancies after the 
Chernobyl accident.(45) The mental health toll of the Chernobyl disaster is considered, by one 
2007 study, to be “the largest public health problem unleashed by the accident to date”.(46) That 
study found that Chernobyl-exposed populations were up to four times more likely to report 
stress, depression, anxiety, and PTSD than control groups and that these symptoms often persisted 
for decades after the disaster. In 2006 the World Health Organization identified evacuation and 
relocation issues very clearly in connection with the Chernobyl accident, “Evacuation and reloca-
tion proved a deeply traumatic experience to many people because of the disruption to social net-
works and having no possibility to return to their homes. For many there was a social stigma 
associated with being an ‘exposed’ person.”

According to a World Nuclear Association’s (WNA) report on Fukushima “There have been no 
harmful effects of radiation on local people, nor any doses approaching harmful levels. However, 
160,000 people were evacuated from their homes and only from 2012 were allowed limited return. 
As of July 2020 over 41,000 remained displaced due to government concern about radiologial 
effects from the accident.” WNA also noted that “The unduly rushed evacuations caused a near-
immediate death toll among vulnerable patients and more than 2,300 indirect disaster-related 
deaths have been recognized.”(46) 

12.2 Problems With Over-Relocation

The accident at Fukushima started on March 11, 2011. Large numbers of people were evacuated 
that day and more on March 12, 2011, leading to a tragic number of non-radiological fatalities. It 
is all the more tragic in that the Fukushima emergency response personnel had already success-
fully evacuated the population in the zero to two mile area prior to the release of radioactive mate-
rial into the atmosphere. This pre-emptive evacuation eliminated the early fatality and early injury 
risk. Subsequent evacuations did nothing to reduce the early fatality and early injury radiological 
risks, but vastly added to the non-radiological consequences.

In addition to the tragedy of the mass over-evacuation during the time of the release of radioactive 
material from Fukushima there were later relocations of Japanese citizens from “hot spots”. On 
April 22, 2011 and again on June 16, 2011 people were relocated from “hot spots” because a relo-
cation criterion of just 20 mSv/year required this. While not nearly as severe as the forced evacu-
ation of March 11and 12, 2011 these relocations also had large negative effects on the population.

Prior to the Fukushima accident about 1500 people lived in the Katsurao village in Japan. Kat-
surao’s Noyuki district had been dubbed the “difficult-to-return” zone of an area with levels of 
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radiation up to 50 mSv/year. International safety watchdogs recommended that annual doses of 
radiation should be kept below 20 mSv, about the same as 2 full body CT scans. In spite of 
Japan’s Prime Minister later informing the public when it was safe to return to the Katsurao 
Noyuki district, “For now just four households out of 30 said they would return to the Noyuki dis-
trict, said a village official.”(47)

Despite decontamination efforts, a survey conducted by the Kwansei Gakuin University found 
65% of the evacuees no longer wanted to return to the Fukushima prefecture; 46% feared residual 
contamination and 45% had settled elsewhere.

An article published in Nature referred to radiation estimates made by WHO, the World Health 
Organization, which estimated Fukushima doses to the public, including radiation exposure from 
inhalation, ingestion, and fallout. The Nature article stated: “The agency concludes that most res-
idents of Fukushima and neighboring Japanese prefectures received a dose below 10 mSv. Resi-
dents of Namie town and Litate village, two areas that were not evacuated until months after the 
accident, received 10-50 mSv.”(48) 

A recent evaluation of Fukushima hot spots by Ishikawa provides further reasons to be cautious 
about ordering relocations.(49) “WHO reported that adult residents of two affected areas (Namie 
Town and Litate Village)...received effective doses of 10-50 mSv for the first year after the acci-
dent in its first 2012 report. These values we cited in an article in Nature and were repeated by 
others. Later, a revised dose band of 12-25 mSv of the same areas was reported in WHO’s second 
report in 2013. However, it was still based on conservative assumptions that people in deliberate 
evacuation areas stayed there for the first four months although the inhabitants were subjected to 
relocation at different times during the 4-month period. The first-year doses for the same areas 
reported in the UNSCEAR 2013 Report were further decreased: around 8 mSv for adult evacuees 
from Litate Village and 5.0 to 7.0 mSv for adult evacuees from Namie Town.”

The lesson here is that incomplete data sets downwind from Fukushima, very conservative 
assumptions, and a relocation criterion which was set too low, may have been the basis upon 
which decisions were made to relocate people, with large negative non-radiation consequences.

12.3 Near Term Improvements

12.3.1 Evacuation Time Estimates

Licensees of nuclear power plants are required to periodically determine the estimated time to 
evacuate the whole 10 mile EPZ. Such a massive evacuation is a very undesirable response, as 
shown by the tragic over-evacuation at Fukushima. Further, it is inconsistent with the NRC’s own 
web site which calls for evacuation only within a short distance from the site. As such, evacuation 
time estimates of the 10 mile EPZ are not necessary and they send the wrong message to the pub-
lic and their elected officials. Evacuation time estimates could still be useful for co-located 
nuclear power plants and industrial facilities where the accident is initiated in the industrial facil-
ity, assuming that sheltering from the industrial accident is not an acceptable response. The pur-
pose of the evacuation time estimates would be to identify the best evacuation routes.
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12.3.2 Evacuation Signage

Some nuclear sites have signs posted throughout their 10 mile EPZs showing evacuation routes, 
much like the signage posted in shoreline areas subject to hurricanes. Such signs are inappropriate 
for nuclear plants as they may promote the idea that a massive evacuation is the preferred 
response to a nuclear power plant accident. These signs should be removed or modified to provide 
information on the location of the nearest public shelter. 

12.3.3 Evacuation of a Five Mile Wedge Area

The NRC’s website includes a discussion of Emergency Planning Zones. The 10 mile Plume 
Exposure Pathway EPZ also has an inner area with a two mile radius around the site and a wedge 
area that goes from two miles out to five miles, along the projected release path. The angle of this 
wedge area is not specified, but would be determined by existing meteorological conditions. 

The use of a wedge area is meant to be an improvement over evacuating everyone within five 
miles of the release point, but there are significant drawbacks to the wedge concept. Since the 
early fatality risk ranges from zero to one mile and the early injury risk ranges from zero to two 
miles, this additional wedge area beyond two miles does not reduce these risks. In fact, this wedge 
approach may increase risks as this larger evacuation could slow down the evacuation speeds of 
people evacuating the innermost two miles by clogging the evacuation routes. Because of chang-
ing wind directions, this two to five mile wedge area might be shifted around to line up with the 
wind direction during the time of plume passage. This could result in the evacuation of many 
more people than originally intended. For example, the data in FIGURE A-4 on the Indian Point 
site shows that there is a 40% probability that a five hour long release of radioactive material 
could result in six sectors being affected, or an angle up to135 degrees. 

It takes time to evacuate. What happens to the evacuating cohort if the wind direction changes 
during their evacuation? Should they turn back or keep going? Therefore wind shifts have the 
potential to cause confusion in emergency responses where the emergency plan includes a 
“wedge” concept. Emergency plans should be developed with the minimum possibility of creat-
ing confusion. More realistically, if a vehicular evacuation response were used, like the one 
described for Indian Point in Appendix D, evacuation paths would be determined by the actual 
road configuration, not by a hypothetical wedge configuration.

The wedge area concept is an extension of the computer modeling of evacuations proceeding at a 
constant speed and in a radial direction. Appendix D on the Indian Point Terrorist Study showed 
that the simple constant speed along a radial evacuation route model greatly overstates radiologi-
cal consequences and is inconsistent with the actual directions and speeds that evacuees would 
experience.

It is recommended that the NRC remove the wedge area concept from Emergency Planning and 
replace it with the modern emergency planning approach detailed in Section 5 of this report.
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12.3.4 Evacuation Decision Making

The decision to evacuate or relocate people should be based on the criteria listed in Section 5. 
Today, should a nuclear accident occur in the USA, it may be up to a local elected official to order 
an evacuation or a later relocation. It seems inevitable that an over-evacuation or an over-reloca-
tion will occur when decision making is entrusted to local elected officials. The NRC and FEMA 
should re-examine the evacuation decision making process for nuclear accidents, especially since 
we know today that accidents evolve much more slowly than thought before.
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13.0 Appendix F - Bad Science and Absurd Results

13.1 Bad Science

One way to exaggerate nuclear energy risks is to use a two step process. First, an estimate of the 
collective dose is made. Imagine an area that was in the path of a radioactive plume. People in this 
downwind area will receive different doses. The collective dose is just the sum of all the individ-
ual doses in this affected area to find the total number of person-rems. Various radiation protec-
tion professional communities have warned against using the collective dose to estimate the 
number of possible latent fatalities in a group of people exposed to different levels of radiation.

The second step in estimating the number of latent fatalities takes the number of person-rems in 
the collective dose and multiplies it by a cancer mortality risk coefficient. The NRC uses a cancer 

mortality risk coefficient of 5.8(10-4) per person-rem.(33) Use of such a mortality risk coefficient 
may be acceptable at very high dose rates, but its validity has been challenged at dose rates below 
detectability levels.

These two steps are then combined and large numbers of latent fatalities are announced as factual 
science.

13.2 Absurd Results

The average background radiation level in the United States from natural causes, like cosmic radi-
ation, is about 310 mrem/year, or 0.31 rem/year. Medical procedures today that use ionizing radi-
ation add about another 310 mrem/year. There are about 333 million people in the United States. 
In total, the US population would be exposed to a collective dose of about 103.2 million person-
rems per year from medical practices. If one multiplies this 103.2 million person-rem figure by 

the cancer mortality risk coefficient of 5.8 (10-4) per person-rem, medical practices would be 
causing about 59,873 latent fatalities each and every year. If that were true, medical practices 
would have a latent fatality risk orders of magnitude larger than the nuclear power latent fatality 
risk. It is little wonder that the medical community is opposed to how low dose radiation risks are 
calculated today.(50)

One would also have to add about 59,873 latent fatalities from normal background doses if this 
LNT process were true. This would mean that about 119,747 latent fatalities would be caused 
each and every year just from low doses from normal background doses plus medical procedures. 
Such a conclusion defies common sense and the use of mortality risk coefficients, multiplied by 
the collective dose of large groups of people, must be rejected. In 2022 there were 609,360 cancer 
fatalities in the United States. If the LNT model and the NRC’s cancer mortality risk coefficient of 

5.8(10-4) per person-rem were correct, low dose radiation from natural background and medical 
procedures would be responsible for about 19.6% of all cancer deaths. In actuality, radiation 
causes about 3 percent of all USA cancer deaths. Of this 3 percent most comes from cosmic radi-
ation and ground sources like radon where nuclear power plants have effectively zero percent 
contribution to this 3 percent. A 1991 study by the National Cancer Institute, “Cancers in Popula-
tions Living Near Nuclear Facilities”, concluded that “If, however, any excess cancer risk was 
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present in U.S. counties with nuclear facilities, it was too small to be detected with the methods 
employed.”(51)

Another example of questionable analysis can be found in the Federal Register (Petition, at 
45928). Conclusions reached by NIOSH in its INWORKS study were “excess relative risk (ERR) 
was significantly associated with occupational dose for all non-smoking related cancers com-
bined.” NIOSH stated that “these findings suggest that the risk of these cancers rises by 0.7% and 
2% (respectively) for every 10 milliSeiverts increase in dose.”

Just taking the NIOSH 0.7%/10 milliSeiverts figure as an example and recalling that today, on 
average, the 333 million USA citizens receive about 3.0 milliSeiverts each per year from medical 

procedures, the NIOSH number would imply (0.007)(3.0/10)(333)(10)6 = 700,000 additional can-
cers each and every year just due to low level radiation from medical procedures using ionizing 
radiation. At the 2% NIOSH figure the number of cancers per year from medical procedures 
would be about 2 million additional cancers from medical procedures each and every year.

The Cancer Journal for Clinicians estimate that about 2 million new cancers will occur in the 
USA in 2024, virtually the same number as derived from the NIOSH 2% figure used to estimate 
the number of cancers/year from medical procedures.

This NIOSH number quoted by the NRC needs to rechecked.
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14.0 Appendix G - Pseudo-science

14.1 Introduction

This Appendix points out a number of instances where anti-nuclear pseudo-science has been used 
to misinform the public. For example, many people supported the closure of the two operating 
Indian Point 2 and Indian Point 3 nuclear plants because they were purposely misinformed that, if 
an accident happens, a total 50 mile evacuation was necessary. The NRC’s website, which clearly 
shows a far smaller evacuation area, is not read by many. Serious false claims undermine the pub-
lic’s trust in the NRC. Such claims can and should be promptly refuted by the NRC. The NRC 
should be more directly involved with refuting these claims as part of a process of enhancing the 
public’s confidence in the Commission. More proactive interactions with the public by the NRC is 
not meant to promote nuclear energy or a particular nuclear project, but to inform the public about 
the bases upon which it makes its decisions. 

14.2 Fear of Radiation

Some of the fear that people have for nuclear energy can be traced to reports that grossly exagger-
ate radiological health consequnces.(52), (53), and (54). Examples of such fear mongering are 
provided below. Some of these analyses use a Collective Dose approach to arrive at their grossly 
exaggerated results, even though professional radiation protection societies warn against such 
applications. A collective dose approach is technically incorrect and can lead to absurd results. 
Consequence analyses that use a Collective Dose approach should be readily dismissed. The NRC 
needs to modify or eliminate those regulatory practices which improperly use Collective Dose 
analyses.

In summary: The non-radiological health risks from the fear of radiation are significant and 
exceed the radiological risks from nuclear energy.   

14.3 How to Grow a Fiction

Freedom of speech allows anyone to say what they wish, truthful or not. This report supports this 
fundamental freedom. However, most people know little about radiation or the risks from using 
nuclear energy and consequently many have been victimized by fearmongers. The premature clo-
sures of Indian Point 2 and Indian Point 3 because of fear mongering serve as examples of why a 
modern NRC should be a proactive source of reliable information that the public could easily turn 
to. 

One of the early distortions about Indian Point promoted by Riverkeeper and others was the sly 
renaming of the 10 mile Plume Exposure Emergency Planning Zone by people opposed to Indian 
Point. Instead of the E in EPZ standing for the word “Emergency”, people opposed to Indian 
Point referred to the 10 mile EPZ as the Evacuation Planning Zone, greatly increasing the number 
of people they claimed needed to be evacuated. The NRC website clearly shows that if an evacua-
tion response were used it would be quite local and definitely would not include everyone in 
the10 mile Plume Exposure Emergency Planning Zone. The second part of this deception was to 
switch the 50 mile radius Ingestion Exposure Pathway used to interdict contaminated food with 
the falsely renamed 10 mile Evacuation Planning Zone, ending up with a 50 mile Evacuation 
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Planning Zone, reaching all the way into New York City, and containing about 20 million people. 
This fear mongering then claimed that evacuating 20 million people was impossible and therefore 
Indian Point should be closed. The NRC did not intercede in correcting this falsehood, even 
though its own website showed that the range of any evacuation would be far shorter and there-
fore the number of evacuees would be far fewer. Silence is consent. A very similar event hap-
pened years ago where when the brand new Shoreham plant was shut down because of falsehoods 
about the need for massive evacuations. Shoreham, like Indian Point, was replaced by fossil fuels.

The fear mongering falsehoods about Indian Point continued when it was claimed that these units 
were falling apart and represented a large safety risk. Such false claims were made in spite of the 
fact that IP2 and IP3 had operating capacity factors of over 90 percent, indicating highly efficient 
operation. Indian Point 3, on its very last run broke the world’s record by a wide margin on the 
number of continuous days of full power operation. Not too bad for a plant that was supposedly 
falling apart. The NRC didn’t make it clear that it has high safety standards that would not allow a 
plant that was falling apart to continue to operate.

There were other lies put forth about the Indian Point plants, like false claims about its vulnerabil-
ity to earthquakes generated by the Ramapo Fault. Yet the Indian Point units were built to with-
stand design basis earthquakes that would likely collapse nearby dams, aqueducts, schools, 
hospitals, etc. No help from the NRC on this issue either. Not only do nuclear plants have high 
design basis earthquake capabilities, there is a great deal of margin as demonstrated at Fukushima 
when all the safety systems, including the containment buildings and the emergency diesels, with-
stood a magnitude 9 earthquake.

Each one of these misrepresentations also is an attack on the NRC. They imply that the NRC had 
licensed a dangerous plant and had failed in its responsibility to protect the public. Going forward, 
the NRC has to take a much more proactive stance in responding to such misrepresentations. As 
stated before, a more proactive stance is not intended so that the NRC becomes a spokesperson for 
the nuclear industry or wishes to deny adverse commentary about a specific nuclear plant, but to 
convey to the public that its decisions are based on science and analysis and that it encourages 
open, fact-based, discussions.

This 50 mile evacuation fiction may have had an impact on the fatal over evacuation response at 
Fukushima. Former NRC Chairman Gregory Jaczko advised Americans within 50 miles of Fuku-
shima to evacuate. It has been reported that Chairman Jaczko was concerned about the release of 
large amounts of radioactive cesium from the spent fuel pools at Fukushima because of the loss of 
pool cooling. However, the need for evacuation is driven by the release of radioactive iodine, not 
cesium. Thirty two days after being removed from the reactor core the amount of radioactive 
iodine in a spent fuel element is less than one sixteenth (6.3%) the initial iodine inventory in the 
reactor core. It is believed that all the fuel elements in the Fukushima spent fuel pools had been 
there longer than 32 days. If all this is so, Chairman Jaczko was badly informed and may have 
complicated the response efforts of the Japanese government officials. Further, there is no basis 
for a 50 mile evacuation for any nuclear accident.
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14.4 Spent Fuel Pool Fires

Some of the anti-nuclear propaganda is much more subtle than the 50 mile evacuation scam. 

Spent fuel pools can contain large amounts of 137Cs. Because 131I has an eight day half life and 
would decay by a factor of 16 within about a month, accidents originating in the spent fuel pool 

should not result in significant 131I releases. Therefore spent fuel pool accidents do not need a 
special emergency response; the emergency plan developed for reactor core accidents is quite suf-
ficient. 

One study “Reducing the Hazards...” of spent fuel pool accidents claimed 50,000 to 250,000 can-
cer deaths among people remaining on contaminated land.(53) This postulated extreme event 
assumed that somehow a spent fuel pool would be drained of its water. The decay heat generated 

by the spent fuel would then cause a spent fuel fire, thereby releasing 137Cs into the atmosphere. 

The very large number of latent fatalities claimed for this postulated spent fuel pool accident 
caused a sensation, eventually involving Congress. Congress turned to the National Academy of 
Sciences (NAS), for its review. The NAS did not endorse the proposed removal of 75% of the 
spent fuel and redistribution of the remaining hottest 25% of the spent fuel, with air cooling if the 
pool was drained, as sought by the authors of this sensationalized report. It was shown that totally 
relying on air cooling was unsafe and unlikely to ever get NRC approval.

It was also pointed out that there were significant modeling errors in the calculation of the number 
of people at risk. A second paper, written by three of the original authors of the earlier sensational 
paper was later quietly published, correcting their population error.(54) The impact of correcting 
their population error was very large. According to the three authors of this “corrected” paper: 
“The five site average of the estimated number of cancer deaths is 1,900-5,700, much less than 
the 50,000 to 250,000 estimated in “Reducing the Hazards” using the wedge model and assuming 
a uniform population density.” Even then the authors’ figure of 5,700 latent cancer fatalities 

assumed that every microgram of 137Cs in the spent fuel pool ended up in a wedge shaped, mono-
directional plume. 

The authors of this corrected paper explained why their revised number of latent fatalities was so 
much lower than the numbers presented in the report reviewed by the National Academy of Sci-
ences “The difference is due in large part to the fact that most of the population radiation dose 
occurs at large distances (small doses to large numbers of people) and the five-site average pop-

ulation density beyond 400 km is approximately 20/km2- much less than the 250/km2 assumed in 
“Reducing the hazards”.

Small doses to large numbers of people over long periods of time is precisely the situation 
where normal body repair mechanisms would prevent latent cancer fatalities from develop-
ing. Zero latent fatalities is a more defensible result based on human biology and the lack of 
detectable offsite cancer fatalities from Chernobyl, even after decades of searching for them.

This spent fuel pool fire analysis used a collective dose approach, ignoring the ICRP warning 
about doing this. It was then assumed that there would be one latent fatality for every 2,000 per-
son-rems. This report shows that such analyses lead to absurd results.
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Two simple analogies about collective doses may be helpful: (1) Two thousand sniffles does not 
equal one case of pneumonia. The body is capable of dealing with sniffles, but it may be over-
come by pneumonia. (2) A person takes a million dollars and distributes it in unequal amounts to 
two thousand people and then declares that, because of this money distribution, this crowd of peo-
ple now has one new millionaire. Not true. It has not been shown that a collective dose of 2,000 
person-rems produces a single latent fatality at the dose levels associated with nuclear accidents.

This “corrected” version of the spent fuel fire analysis does offer some new insights about the 
Latent Fatality Safety Goal and LNT. The authors’ analyses extended out to 1600 kilometers, 
about 1,000 miles. Figure one of this corrected “Reducing the Hazards” report shows that the 
total population within the narrow wedge they analyzed for the Indian Point nuclear plant was 
about 6.1 million people. Based on present cancer rates, fatal cancers from all sources in the USA 
is responsible for 18.5% of all deaths. Normal cancer fatalities in this narrow wedge, just 13.8 

degrees wide (about 4% of a circle) would be (0.185)(6.1)(106) = 1.13 million people. 

We now use the corrected report of “Reducing the Hazards” to estimate the number of latent 
fatalities from a postulated terrorist attack on one of the power plants at Indian Point. In this cor-

rected report a release of 3.5 megacuries of  137Cs gave an estimate of 1500 latent fatalities.To be 

very conservative, we assumed that the 137Cs released by this Indian Point terrorist attack 

matched the approximately 2.1 megacuries of  137Cs released by the Chernobyl accident. Using 
the ratio of (2.1/3.5 = 0.60) times 1,500 resulted in an estimated 900 latent fatalities using the 
LNT model out to 1,600 kilometers. The ratio of the number of latent fatalities from this postu-
lated terrorist attack to the normal background cancer fatalities to the same exposed population in 

the wedge area is (900)/(1.13 million) = 0.796 (10-3), somewhat smaller than the 1.0(10-3) of the 

Latent Fatality Safety Goal. In other words, if there were a release of 137Cs at Indian Point as 
large as the cesium release at Chernobyl, the NRC’s Latent Fatality Safety Goal would be met 
even within the narrow wedge area model and even if the LNT model with its no repair mecha-
nisms were assumed. Further, this consequence analysis assumes a conditional frequency of 1.0. 
If one assumes that the frequency of such a huge release is one chance in a thousand per year, the 
result would be that margin to the Latent Fatality Safety Goal would be a factor larger than 1,000 
fold. 

The 1000 fold margin to the Latent Fatality Safety Goal would be far larger if the population at 
risk is more accurately analyzed in this corrected report, instead of using a mono-directional 
plume model. We know from normal meteorology that wind directions change over time. This 
natural process was observed during both Chernobyl and Fukushima accidents and very low dose 
rates were observed over many areas. Unlike the narrow wedge analysis with its monodirectional 
plume, the number of downwind people at risk be includes all directions, all 360 degrees of a cir-
cle, which is (360)/(13.8) = 26 times more people at risk compared to the narrow wedge model. 
The margin to the Latent Fatality Safety Goal, when all possible directions are considered to be 
equally likely, would be 26 times larger. 

In summary, even if a 1000 MWe nuclear plant at the nation’s most populated EPZ site, Indian 

Point, released the same amount of 137Cs as Chernobyl did at a conditional frequency of 1.0, the 
Latent Fatality Safety Goal would still be met. Correcting for the full population at risk, the calcu-
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lated latent fatality risk would be about 26 times smaller than the Latent Fatality Safety Goal. If, 
instead of a conditional frequency of 1.0, assuming a spent fuel pool fire had a probability of one 
chance in a 1000 per year, the resultant latent fatality risk would be smaller than the Latent Fatal-
ity Safety Goal by a factor of more than 26,000.

A slight wind shift of 13.8 degrees, equal to the width of this narrow plume, would change the 
number of people under the plume by a factor of two, but it would not change the number of per-
son-rems.

 Clearly, the risks from spent fuel pool fires were grossly overstated.

14.5 Terrorist Attacks on the Indian Point Nuclear Power Plants

Another example of subtle errors/misrepresentations leading to gross overstatements of radiologi-
cal consequences can be found in “Chernobyl on the Hudson?” (COH), a pseudo-science analysis 
of a terrorist attack on one of the Indian Point nuclear plants.(55) In this COH report, not only was 
a collective dose analysis used, but a NRC source term analysis was misrepresented leading to the 
claim that, within 60 miles of the pont of release, the peak number of early fatalities could be 
43,700 people, the peak number of latent fatalities could be about 518,000 people and the peak 
total cost could be $2.12 trillion dollars (in 2004 dollars). Further, up to 11.1 million people could 
be permanently displaced. This misleading report was commissioned by Riverkeeper.

The author used a release fraction for radioactive iodine of 67% and 67% for radioactive cesium. 
Note that these release fractions exceed the release fractions of the accident at Chernobyl, as listed 
in TABLE A-1. How Indian Point with its massive thick reinforced concrete containment building 
could have larger source terms than Chernobyl with its weak confinement building should have 
caused the author to rethink his assumptions.The author claimed that his release fractions were 
based on the NRC report NUREG-1465. This is not true. NUREG-1465 clearly states that its 
source term is for radionuclides released into the containment. The author treated the NUREG-
1465 source term as radionuclides being released directly into the atmosphere, i.e., as if the mas-
sive containment building with all of its filtering capability didn’t exist. NUREG-1465 identifies 
many natural forces that would reduce the airborne concentrations of radionuclides in the contain-
ment building. COH ignores these natural source term reduction processes. The contrast between 
the analysis of a terrorist attack on Indian Point as described in Appendix D and the COH terrorist 
attack is profound. Even with a three square foot hole in the containment, described in Appendix 
D, the iodine and cesium releases were considerably smaller than those in the COH report. The 
Three Mile Island 2 nuclear plant had a containment building similar to Indian Point’s. There was 
virtually no release of radioactive material into the atmosphere from TMI 2’s reactor meltdown. 
The COH source term is a fiction and all the extreme numbers that are derived from this invalid 
source term are false. 

Table 3 from COH lists the calculated number of early fatalities (EF) and latent cancer fatalities 
(LCFs) under a number of different meteorological conditions. The distance out to which these 
EFs might occur, according to COH is also provided. A condensed version of this Table 3 is pro-
vided below in TABLE A-10 for the 100% evacuation scenario.
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TABLE A-10 COH Number of Early and Latent Fatalities Out to 60 Miles

TABLE A-10 shows the extreme sensitivity of the calculated number of EFs to meteorological 

conditions. A half of one percent change from the 99.5th percentile to the peak calculation raised 

the number of calculated early fatalities 16,600 to 43,700. The 99.5th percentile means that 199 
times out of 200 the calculated number will be smaller than the presented number. A slight shift in 
the wind direction during the release time period and the peak number would decrease dramati-
cally. (See discussion of FIGURE A-3). But none of these EF numbers is correct because the 
source term is wrong. The author of this COH analysis used the MACCS code. As stated on page 
27 of the COH report, “Consequently the code becomes less reliable when predicting dispersion 
patterns over long distances and long time periods, given the increasing likelihood of wind 
shifts.” At what distance does the author consider the accuracy of the MACCS code meaningless? 

The author needs to explain the assumptions built into his EF distance numbers. Years ago Sandia 
Laboratory examined an extreme situation of an accident at Indian Point. It was assumed that a 
rain cloud stalled directly overhead for the entire release period of a postulated accident and was 
capable of absorbing all the released radioactive iodine. Has the author reviewed the Indian Point 
meteorological record to see if his assumed meteorological condition has ever happened? If the 
radioactive release took place over five hours, FIGURE A-4 shows that there is over a 90% 
chance that there would be a wind shift at Indian Point. A wind shift indicates that a stalled mete-
orological condition does not exist. This fictitious radioactive cloud in this extreme Sandia study 
then traveled about 17 miles to a populated area, all the time not losing any of its absorbed radio-
active material. Sandia then assumed that all the radioactive iodine in this cloud rained down on 
this populated area, but local people stood outdoors instead of taking shelter or evacuating. Sandia 
later explained that this extreme analysis was a bounding analysis and did not form the basis of a 
comprehensive risk analysis. The author of COH claims extreme consequences, but fails to pro-
vide detailed information about the extreme assumptions he used to generate his extreme conse-
quences.

How does the author reconcile his extreme number of calculated latent cancer fatalities with the 
realities of the long term effects of Chernobyl where no increase in the latent fatality rate of 
exposed people has been detected?

The author, on page 30 of his COH report, uses a bizarre sequence where an airplane crashes into 
the robust Indian Point containment buildings, causing the emergency diesels in that plant to fail 
just from the vibrations from the airplane crash, This speculation can be compared to the magni-
tude 9 earthquake that struck Fukushima. The emergency diesels did not fail from the vibrations 
from this very rare and huge earthquake, but continued to supply emergency electric power until 

Mean Weather Condition 95th Percentile 99.5th Percentile Peak

Number of 
EFs

696 3460 16,600 43,700

EF Distance, 
miles

5.3 18 24 60

LCFs 28,100 99,400 208,000 518,000
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the tsunami struck about one half an hour after the first earthquake shock. Even if the emergency 
diesels failed from vibrations from an airplane direct hit on the containment and this set off a core 
melt sequence, it would resemble the station blackout analyses performed in the SOARCA study 
(See FIGURE A-1) with source terms less than one percent of the original radioactive inventory, 
not 67% for iodine and 67% for cesium as assumed in COH. The COH report’s iodine and cesium 
release fractions even exceeds the iodine and cesium release fractions from Chernobyl. 

The author has contributed to another analysis of Indian Point about possible fires in spent fuel 
pools.(53) Assume that the COH hypothetical terrorist attack on Indian Point led to a release of 

3.75 MCi 137Cs, based on an initial 137Cs inventory of 5 MCi (54, page 7) and a cesium release 

fraction of 0.75 (53, Table I). According to (54, TABLE 3), a release of 3.50 MCi 137Cs release 

would lead to 1,500 latent cancer fatalities at Indian Point; a release of 3.75 MCi 137Cs would 
then lead to about 1,600 latent cancer fatalities.

This figure of 1,600 latent cancer fatalities can be compared the author’s calculated number of 
LCFs in COH. In TABLE A-10 of COH a mean value of 28,100 LCFs and a peak value of 
518,000 LCFs were presented. It is troubling that the same author, when analyzing the same site, 
Indian Point, using the same meteorological data, came up with vastly different results for the 

same number of released megacuries of 137Cs. Of course, none of these numbers are meaningful 
because the source term is far too large, perhaps by a factor of 75/0.3 = 250.

Even more troubling are the publication dates. The much lower LCF numbers were published, in 
“Science and Global Security” in January 2004. After being commissioned by Riverkeeper, the 
author published these much higher LCFs in September 2004. How can the author publish much 
higher LCFs in September 2004 after he had already calculated far smaller numbers just a few 
months earlier? “Chernobyl on the Hudson?” is a fiction and the fact that the author published two 
widely different sets of numbers on the same subject within a few months of each other raises 
questions about professional integrity.

14.6 Another Pseudo-science Indian Point Study

Riverkeeper and the Natural Resources Defense Council promoted an erroneous consequence 
analysis of Indian Point in 2011.(33) This study has many faulty assumptions and numerical 
errors. Like the “Chernobyl on the Hudson” report described above, it misused NUREG-1465. 
NUREG-1465 clearly states that its source term is for radionuclides released into the contain-
ment. The NRDC authors treated the NUREG’s source term as radionuclides being released 
directly into the atmosphere, i.e., as if the massive containment building with all of its filtering 
capability didn’t exist. NUREG-1465 identifies many natural forces that would reduce the air-
borne concentrations of radionuclides in the containment building. This NRDC analysis ignores 
these natural source term reduction processes. 

To further compound this fundamental error, Table I of this NRDC report lists the percent of the 
original core inventory of iodine and cesium that would be released into the atmosphere during 
three phases of the core melt sequence: during the gap release phase, during the in-vessel severe 
core damage phase, and in the vessel melt through phase. For iodine the percent of the initial core 
inventory is 3.8%, 30%, and 49%, respectively for phases one, two and three. According to this 
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NRDC analysis, the total iodine release would be 82.8% of the initial iodine inventory. Note that 
this NRDC percentage of the initial iodine in the reactor core exceeds the iodine release percent-
age from the Chernobyl accident of about ~50%, as listed in TABLE A-1 of this report. This 
NRDC release percentage ignores the fact that the Chernobyl design only had a confinement 
building and Indian Point containment buildings were massive reinforced concrete structures. The 
huge differences between the Chernobyl confinement building design and the Indian Point con-
tainment building design are irrelevant in the NRDC analysis because the containment building 
effectively didn’t exist in the NRDC analysis. Not only does this NRDC analysis of the size of the 
iodine release into the atmosphere differ with that at Chernobyl, it also differs with the TMI-2 
accident’s zero release of radioactive iodine and the SOARCA release of less than one percent for 
a containment building that slowly becomes overpressurized, leading to significant leakage. 

The NRDC cesium release percentages are even more absurd. Using the NRDC’s Table 1, the per-
cent releases of cesium into the atmosphere were calculated to be 3.8%, 55.0%, and 69.0%, 
respectively, for the three phases of the core meltdown. According to the NRDC the total cesium 
release into the atmosphere is 127.8% of the initial inventory of cesium in the reactor core. This is 
a physical impossibility. Enquiries to author McKinzie to explain this went unanswered.

To further maximize the number of calculated radiological consequences of a hypothetical severe 
accident at Indian Point, the NRDC assumed a bizarre emergency response. In this analysis the 
public did not evacuate and did not take shelter, but stood out-of-doors for 24 hours.

In spite of a grossly overstated source term and a bizarre emergency response that would maxi-
mize the public’s exposure to radiation, the NRDC did not calculate a single early fatality. This 
was due to the significant wind shifts that were taken into account in this analysis. These wind 
shifts were used to maximize the area that might be affected by the radioactive plumes. But by 
maximizing the affected area, the resultant dose rates fell below that which would be necessary to 
cause early radiation faitalities. Riverkeeper and the NRDC inadvertently showed that Indian 
Point was safe, even with a grossly overstated source term.

Riverkeeper made an NRDC type of analysis with a grossly overstated source term but which 
with even more extreme emergency response assumptions than those in the original NRDC analy-
sis. Riverkeeper assumed that the public would remain out-of-doors for 48 hours. Even after dou-
bling the time out-of-doors, the Riverkeeper analysis also came up with zero calculated early 
fatalities. Further, even with its overstated source term, the radioactive plume was shown to have 
greatly weakened to one rad at a distance far short of the 50 mile radius. This Riverkeeper analy-
sis contradicts its claims that 20 million people within 50 miles of Indian Point would have to 
evacuate if a severe accident occurred. With a more realistic source term the distance out to one 
rad would be far shorter than the Riverkeeper analysis and nowhere near 50 miles. One rad or one 
rem is about the dose people receive during a cardiac medical diagnosis using Te-99m.

This obvious contradiction did not prevent Riverkeeper from continuing to claim that evacuating 
20 million people was necessary, but impossible, and therefore Indian Point should be shut down.

Based on these misrepresentations of the risks from Indian Point, IP2 and IP3 were shut down and 
replaced by natural gas, a fossil fuel that generates greenhouse gases.
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The great irony about the NRDC/Riverkeeper analyses is that, in spite of greatly overstating the 
source term and in spite of an unrealistic emergency response with people standing out-of-doors 
for an extended period of time, these analyses showed zero early fatalities. This result was likely 
caused by modeling the plume to shift directions during the release period. The exaggerated 
NRDC/Riverkeeper analyses actually showed that Indian Point was safe, even with extreme and 
incorrect assumptions.

Riverkeeper is now actively engaged in opposing the controlled release of tritium into the Hudson 
River during the decommissioning process of Indian Point, even though there have been con-
trolled releases of tritium from the Indian Point site within regulatory limits for decades without 
any evidence of negative health effects.

14.7 Questionable NAS Research

A report by the National Academy of Sciences (NAS) promoted the idea that a huge annual $100 
million dollar effort each year for 15 years (total $1.5 billion dollars) should be spent on analyzing 
low dose radiation research.(56) Numerous challenges to such a project have been identified by 
the NAS itself, including “Radiation dose estimates are often uncertain or imprecise, which can 
introduce bias, potentially underestimating the risk differences between the exposed and unex-
posed groups, and reduce statistical power.” and “The radiation dose response may vary by indi-
vidual characteristics including prior exposures, stress, genetic predisposition, epigenic profile 
and immune history.”

It is not clear what this huge NAS proposal hopes to discover. If the NAS believes in the LNT 
model, then doses smaller than background doses it proposes to investigate should produce even 
smaller health effects, if any. Yet natural background doses larger than the NAS proposed dose 
levels have already shown no detectable health effects. Why does the NAS think it can produce 
any results that are detectable? If the NAS does not consider the LNT model as believable, this 
effort is far too late. Many scientists have reached this conclusion and have published reports on 
this.

It takes energy to cause cell damage. Where is the additional energy going to come from to have a 
detectable result? Before embarking on this expensive and long lasting study, the NAS should 
explain why there is any reason to think that exposures below background rates could yield differ-
ent results than what we already know.

This NAS report dismissed the importance of natural, high background locations like the Kerala 
Coast in India and Ramsar, Iran, claiming that they do not represent a carefully controlled experi-
ment. Yet, it has been shown that many epidemiological studies were poorly conducted with ques-
tionable results.(57) These high background level locations, and the decades of data collection on 
the long term effects of the Chernobyl accident, have a special contribution to make. Their lack of 
detection of increased cancer rates in spite of their elevated dose rates over extended periods of 
time is the opposite of the conclusions one would get by using the LNT theory. Further, the data 
collected from these locations are based on long term exposure of humans, not mice or fruit flies. 
These data are available now, along with detailed, published analyses. Lack of evidence of harm-
ful effects from low level radiation is evidence itself. The Science Community needs to utilize 
these high background areas data, especially since these data refute the LNT theory.
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A more useful NAS effort would be to estimate how much higher than the dose rates at Ramsar, 
Iran can be tolerated before damage is detected? This alternative effort has the advantage of being 
above the 100 mSv detectability threshold and detectable results should be obtainable.

Funding such a massive and complex project over such a long time may never happen. In the 
meanwhile the NRC and other agencies would continue to use the LNT model, even though its 
main virtue is not convincing science, but that it is “workable”, “pragmatic”, “prudent” and “prac-
tical” and that a replacement for the LNT has not, until now, been put forth. Does the NAS believe 
that its proposed research effort will finally produce an answer for the NRC’s dilemma to show 
adequate protection, as required by the AEA?

This NAS proposal should also be examined from the “pragmatic” perspective. If this huge 
project were undertaken and achieved defensible results, how might these results be used to bene-
fit the public? One possible misuse would be to claim that nuclear energy is more dangerous than 
presently believed. That certainly seems to be a possible purpose of this NAS effort where the 
report dwells on nuclear energy, even to the point it brings up the subject, inappropriately, of 
nuclear power plant costs. As the NAS already knows, nuclear energy is a very tiny contributor to 
the radiation dosage humans receive. Now suppose that the end result of this huge NAS study 
showed that low level ionizing radiation increased the latent fatality risk by X percent. Then peo-
ple opposed to nuclear energy could refer to this NAS study and say that nuclear energy is X per-
cent more dangerous than thought before. The problem with this is that people within 50 miles of 
a nuclear power plant receive an average radiation dose of 0.01 mrem per year from the nuclear 
plant whereas background radiation is, on average, 310 mrem per year or 31,000 times larger.

This NAS effort, if it were successful, would increase the calculated health risks from background 
radiation as well as increasing the calculated health effects from medical procedures by the same 
percentage. The end result of this huge NAS proposal, implemented or not, could very well 
increase the number of people that turn away, out of fear, from the medical benefits of low level 
ionizing radiation. The NAS should examine if its whole proposal is morally irresponsible.

One has to wonder why the NAS has even proposed this large and expensive program. Radiation 
itself only accounts for about 3% of the causes of cancer fatalities. Only a sliver, less than one per-
cent of this 3%, is attributable to nuclear energy. About half of this 3% is due to natural sources 
like cosmic rays which the proposed NAS effort would not affect. Would it not be far better to 
spend the $1.5 billion dollars on the other 97% of the causes of cancer fatalities?

With its high expenses, very long time to produce results, high chances of failure as identified by 
the NAS itself in Box 5.1, and far more cost effective uses of the $1.5 billion dollars, it appears 
that full funding of this effort is very unlikely. The NRC’s Advisory Committee on the Medical 
Use of Isotopes (ACMUI) determined that “very large-scale epidemiological studies with long-
term follow up would be needed to quantify any such risks or benefits” and that “such studies may 
be logistically and financially prohibitive”. (Petition, at 45928) If not funded, all that might 
remain is the false impression that nuclear energy is much more hazardous than believed before. 
Does this NAS proposal join the ranks of other antinuclear pseudo-science reports?
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If the NAS were truly interested in advancing science with a far greater chance of a successful 
outcome, it might sponsor research on how to estimate the levels at which damage from exposure 
to ionizing radiation exceeds human repair rates for different human organs.

14.8 A PNAS Study on Nuclear Wastes from SMRs

A report(39) published in the Proceedings of the National Academy of Sciences (PNAS) on the 
volume of nuclear waste that might be generated by SMRs has been subject to significant criti-
cisms.(57) 

This PNAS report turned the nuclear waste process on its head, claiming that SMRs might pro-
duce up to 30 times more radioactive wastes than present light water reactors. Nuclear wastes are 
categorized according to their radiotoxicity and their final disposition depends on which category 
they fall into. Generally speaking, low level wastes are disposed of in near-surface repositories 
while high level wastes are slated to be placed into deep, geologically stable, repositories. In esti-
mating the volumes of SMR wastes this PNAS report treated low level wastes and high level 
wastes equally. In effect, this process creates a mix of nuclear wastes that does not exist in the real 
world and the purported spent fuel volumes of this mix are not meaningful.

An oddity in this PNAS report is an insert into its Figure 3 dealing with hypothetical failures of 
the waste repository design. In certain high level waste repository designs the spent fuel elements 
are surrounded by a metal barrier, likely copper, which is calculated to last at least one million 
years. However, some safety analyses indicate possible failure modes that might cause the loss of 
this protective barrier after 100,000 years. Should this protective barrier be lost it might result in a 
very slow process where very long lived nuclear wastes might migrate to the surface, i.e., into the 
human ecosphere. Should this happen, the estimated dose from this migrated nuclear waste would 
be about one part in a thousand of natural background in the USA, according to Figure 3. 

Given the above, a logical conclusion could be that nuclear wastes do not represent a significant 
risk to humans, even if there are unexpected earlier failures of the nuclear waste passive barriers. 
Nontheless, when this PNAS report was released there were immediate articles in selected media 
indicating that SMRs could have significant nuclear waste issues. An article published by the 
Stanford News Service had the title “Stanford led research finds small modular reactors will exac-
erbate challenges of highly radioactive waste.” This Stanford News Service article was published 
on May 30, 2022, one day before the PNAS issued its report on May 31, 2022. Also on May 31, 
2022 Chemistry World published an article titled “The next generation of small nuclear reactors 
will be big on producing radioactive waste.” Chemistry World went on to state “Small modular 
reactors could produce up to 30 times more nuclear wastes than traditional nuclear power plants.” 
How did these news outlets get copies of this PNAS article before it was publicly distributed?

A comprehensive review of this PNAS article was conducted by Argonne National Laboratory 
under the direction of Dr.Taek K. Kim. According to an Argonne press release on November 18, 
2022,(58) “All told, when it comes to nuclear waste, SMRs are roughly comparable with conven-
tional pressurized water reactors with potential benefits and weaknesses depending on which 
aspects you are trying to design for”, Kim said. “Overall there appear to be no additional major 
challenges to the management of SMR nuclear wastes compared to the commercial-scale LWR 
wastes”. The Argonne analysis therefore refuted the claims made by this PNAS article.
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The multiple defects in this PNAS report have been brought to the attention of the senior execu-
tive at NAS. Questions were raised about the appearance of bias against nuclear energy by the 
NAS, but no corrective actions have been taken by the NAS. In view of the Argonne analysis and 
other criticisms that have gone unanswered, PNAS should withdraw this SMR waste volume 
report. Further, in order to treat all reviewers equally, the PNAS should take precautions to pre-
vent any publication about a PNAS product prior to its official release.
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